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MODIFIED PROMOTER SEQUENCES

TECHNICAL FIELD
The present invention relates to the technical field of
promoters, 1in particular promoter variants showing an enhanced

gene expression level.

BACKGROUND OF THE INVENTION

At the most fundamental level protein expression is re-
stricted by the amount of transcript available in the cells
for translation. The overall transcript levels depend on the
gene copy number and the number of transcripts produced, which
in turn are strongly influenced by the promoter. Due to this
direct impact on expression promoter sequences are among best
studied regulatory elements of eukaryotes and promoter engi-
neering is used as a way to fine-tuning gene expression.

The engineering of promoter sequences is a broad field and
especially for eukaryotic promoters mostly focused on modifi-
cation of already existing sequences. Deletions and base ex-
changes of short DNA stretches, as well as truncations provide
opportunities to improve promoter performance by genetic engi-
neering. The modification of promoter most of the time aims
the creation of especially strong promoter sequences to push
transcription to its maximum.

Engineering approaches can be random, rational or a combi-
nation of both. Although random methods are more likely to re-
sult in a large number of variants with decreased strength,
they require far less knowledge and understanding about/of the
modified sequence. So far, saturation mutagenesis of spacer
regions, random mutagenesis by error prone PCR, hybrid pro-
moter engineering and direct modification of transcription
factor binding sites (TFBS) are used 1in promoter engineering.
The fundamental aim of all these strategies is to influence
transcription by changing the TFBS of a promoter sequence, ei-
ther single ones specifically, the combination of them in the
sequence or the context of their occurrence. However, based on
analysis of expression also alternative effects have to be

kept in mind as potential reasons for changes in target-
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protein yield, which are differences in mRNA stability or
translational initiation.

Hence, it is an object of the present invention to provide
methods for obtaining promoters exhibiting superior properties
compared to the respective wild-type promoter from which they
are derived from. Another object of the present invention is
the provision of promoters having superior properties compared

to the respective wild-type promoter from which they are de-
rived from.

SUMMARY OF THE INVENTION
The present invention relates to a method for modifying a
promoter to obtain a promoter variant comprising the steps of:
a. providing a promoter,
b. modifying the promoter
- Dby inserting at least one nucleic acid se-
quence selected from the group consisting of
GATAX1X2X3X4X5Xe (X7)n, ATCCTTTTAG (SEQ ID No. 1)
and AAA into the promoter and/or
- Dby substituting nucleotides of the promoter
sequence to introduce at least one nucleic
acid sequence selected from the group consist-
ing of GATAX1X2X3X4X5Xe (X7)m, ATCCTTTTAG (SEQ ID
No. 1) and AAA into the promoter,
wherein Xi, X2, X3, Xi, X5, Xs, and X7 are nucleotides inde-
pendently selected from the group consisting of A, C, G and

T, and wherein m is an integer between 0 and 10.

Surprisingly, it has been found that the insertion of
“neutral” nucleic acid sequences such as GATAX1X2X3X4X5X6 (X7) m,
ATCCTTTTAG (SEQ ID No. 1) and/or ARA into a promoter is useful
to obtain promoter variants showing an increased transcription
rate compared to the respective wild-type promoter. These
neutral nucleic acid sequences might have the advantage to not
influence the binding of transcription factors to the promoter
in a cell. Furthermore, the use of neutral nucleic acid
sequences might prevent the formation of new transcription

factor binding sites having unpredictable effects on the
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transcription in a cell. It was found that nucleic acid
sequences GATAX1X»X3X4X5Xe (X7)n, ATCCTTTTAG (SEQ ID No. 1) and
AAA are to be considered as neutral nucleic acid sequences.
These sequences were identified to not comprise possible
binding sites for eukaryotic transcription factors. These
nucleic acid sequences turned out to be very useful in the
identification and production of promoter variants having
superior effects compared to the unmodified promoter. These
nucleic acid sequences can be longer or shorter but preferably
contain 10 bases, which might support a neutral effect on the
3-dimensional structure of the promoter DNA including bound
transcription factors, in case the insertion does not replace
a sequence of identical length. These nucleic acid sequences
can be used to obtain promoters with a higher promoter
activity compared to the unmodified promoter. Hence, the
method of the present invention is suited for identifying
and/or obtaining promoters/promoter variants showing an
enhanced promoter activity, in regard to protein expression,
for instance, compared to an unmodified promoter. The present
invention relates therefore also to a method for identifying
promoter variants showing an enhanced promoter activity
compared to an unmodified promoter and/or for screening a
library of promoter variants modified by inserting at least
one nucleic acid sequence selected from the group consisting
of GATAX1X2X3X4X5X6 (X7)m, ATCCTTTTAG (SEQ ID No. 1) and AAA into
a promoter and/or by substituting nucleotides of the promoter
sequence to introduce at least one nucleic acid sequence
selected from the group consisting of GATAX1X2X3X4X5X6 (X7)m,
ATCCTTTTAG (SEQ ID No. 1) and AAA into a promoter. In both
cases the promoter variants can operably linked to a target
sequence to be transcribed and the amount of transcription
product (i.e. RNA or protein/polypeptide) compared to a
unmodified promoter shows whether the promoter activity is
increased or decreased compared to the said unmodified
promoter.

The promoter to be modified by the method of the present
invention may be of any origin. Thus, the promoter may be a

human or animal, a bacterial, a fungal, a viral or an
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artificial promoter. The method of the present invention can
also be used to introduce modifications into promoters which
have already been modified or optimized, respectively. The
claimed method is a further tool to improve such promoters in
regard to transcription rate or other properties.

Another aspect of the present invention relates to a pro-
moter variant obtainable by a method according to the present
invention.

Promoters obtainable with the method of the present inven-
tion may show a much higher transcription rate compared to the
respective unmodified promoter from which they are derived
from. Promoters obtainable with the method of the present in-
vention may cause a much higher protein yield or specific
productivity compared to the respective unmodified promoter
from which they are derived from. The promoters obtained by
the method of the present invention can be considered as pro-
moter variants.

A further aspect of the present invention relates to a nu-
cleic acid molecule or a vector comprising a promoter variant
of the present invention or a promoter variant obtainable by
the method of the present invention.

Nucleic acid molecules according to the present invention
may comprise a promoter according to the present invention and
a nucleic acid sequence encoding for a protein or polypeptide
operably linked thereto. Thus, the transcription of the encod-
ing region of such a nucleic acid molecule is controlled by
the promoter. Such nucleic acid molecules or a promoter vari-
ant of the present invention may be comprised in a vector. The
vector containing the nucleic acid molecule of the present in-
vention or the promoter of the present invention may be a lin-
ear expression construct for genome integration, a plasmid, a
cosmid, or a viral vector.

Another aspect of the present invention relates to a host
cell comprising a promoter variant, nucleic acid molecule or
vector according to the present invention. The host cell con-
taining the promoter variant according to the invention may be
a human, an animal, a plant or a fungal cell. The promoter in-

troduced into these cells directly or via a nucleic acid
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molecule and/or vector according to the present invention
shall be functional active in these cells and, hence, compris-
ing respective functional elements.

A further aspect of the present invention relates to a
method for producing a polypeptide or protein comprising the
step of cultivating a host cell comprising a promoter variant
obtainable by the method of the present invention, a nucleic
acid molecule or a vector according to the present invention.
The nucleic acid sequence encoding said polypeptide or protein
is operably linked to the promoter of the present invention
allowing its expression in the host cell and optionally his

secretion from said host cell.

SHORT DESCRIPTION OF THE FIGURES

Fig. 1 shows lipase activity (A) and fold changes in the
target gene (CalB) (B) for PCAT variant #19, the original PCAT
promoter and reference promoter PDF.

Fig. 2 shows screening of some Pppc variants determining
the ABTS activity of the HspUPO expression from a 24-well
plate cultivation. 10 bp of the promoter sequence were ex-
changed with 5 "-GATAACCGTG-3 ~ (SEQ ID No. 2) at various posi-
tions within the promoter. As a control the original sequence
was used, named PDC (SEQ ID No. 33). Given values show the av-
erage of about 23 cultivated transformants per variant, stand-

ard deviation is shown.

DETAILED DESCRIPTION

The method according to the present invention is designed
to modify a promoter using “neutral” nucleic acid sequences.
“Neutral” nucleic acid sequences refer to nucleic acid mole-
cules which themselves do not comprise any properties which
may influence the activity of a promoter. This means that
these neutral nucleic acid sequences do neither comprise a
transcription factor binding site (TFBS) and/or repressor or
activator protein binding sites nor are they able to form a
TFBS and repressor and activator protein binding sites to-
gether with any other nucleic acid sequence present in the

promoter to be modified. Thus, neutral nucleic acid sequences
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are advantageous since they are not able to form a new TFBS
into a promoter sequence which may have undesired effects on
the promoter activity.

The neutral nucleic acid sequences can be introduced into
the promoter by insertion or substitution. These nucleic acid
sequences can be introduced into the promoter at one or more
sites of the promoter, whereby it is preferred to introduce
them into 1 to 10 sites, preferably 1 to 8 sites, more prefer-
ably 1 to 6 sites, more preferably 1 to 4 sites, more prefera-
bly 1 to 3 sites, more preferably 1 or 2 sites, of the pro-
moter. In order to identify modified promoters exhibiting al-
tered properties compared to the unmodified promoter, the one
or more neutral nucleic acid sequences may be introduced ran-
domly into the promoter sequence. Alternatively, it is also
possible to introduce them systematically step by step from
the 5’ end to the 3’ end of the promoter. The introduction can
be an additional insertion into the promoter sequence or re-
place a part of the original promoter sequence by substitu-
tion. The modified promoters obtained by both approaches can
be operably linked to a nucleic acid molecule encoding for a
polypeptide or protein and introduced in a host cell to meas-
ure the polypeptide or protein expression rate. Alternatively,
it is also possible to determine the amount of RNA, in partic-
ular mRNA, transcribed under the control of the promoter vari-
ant obtainable by the inventive method and the unmodified pro-
moter. An increase or decrease of the protein and/or polypep-
tide expression rate and/or the transcription rate indicates
whether a specific modification results in a modified promoter
showing an increased or decreased expression/transcription
rate and, thus, promoter activity. Hence, the method of the
present invention can also be defined to be a method for iden-
tifying promoter variants showing an increased or decreased
expression rate when operably linked to a nucleic acid se-
quence encoding a polypeptide or protein, for instance.

The term “operably linked”, as used herein, refers to a
linkage of polynucleotide elements in a functional relation-
ship. A nucleic acid is “operably linked” when it is placed

into a functional relationship with another nucleic acid
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sequence. A promoter is operably linked to a coding sequence
if it affects the transcription of the coding sequence. Opera-
bly linked may mean that the nucleic acid sequences being
linked are contiguous.

“Promoter”, as used herein, refers to a nucleic acid frag-
ment that functions to control the transcription of one or
more nucleic acid molecules. A promoter is typically located
upstream (5’) with respect to the direction of transcription
of the transcription initiation site of the gene and is struc-
turally identified by the presence of a binding site for DNA-
dependent RNA polymerase, transcription initiation site(s) and
can further comprise any other nucleic acid sequences, includ-
ing, but not limited to transcription factor binding sites,
repressor and activator protein binding sites and any other
sequences of nucleotides known to one of skill in the art to
act directly or indirectly to regulate the amount of tran-
scription from the promoter. A “promoter variant” is a pro-
moter being modified by the method of the present invention.

Insertion of at least one nucleic acid sequence is under-
stood to mean the insertion of a nucleic acid sequence into an
existing promoter sequence. The sequence can be inserted at
any position in the promoter sequence. The insertion of the
nucleic acid sequence merely adds nucleotides to the original
promoter sequence; no nucleotides of the original promoter se-
quence are removed. By this modification, the length of the
promoter sequence changes by the number of nucleotides in-
serted by insertion. The positions of the nucleotides located
before the insertion site remain unchanged. The positions of
the nucleotides located after the insertion site change by the
number of nucleotides inserted. If a multiple insertion takes
prlace, the positions of the individual nucleotides are deter-
mined by adding the number of nucleotides inserted before them
to the original position.

Substitution of nucleotides of a promoter sequence in or-
der to insert at least one nucleic acid sequence is the ex-
change of a part of the existing promoter sequence with a nu-
cleic acid sequence. During substitution, the same number of

nucleotides of the original promoter sequence is removed as
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new ones are added. This does not change the position of the
individual nucleotides both upstream and downstream. Since the
promoter length may have an influence on its activity and
overall behaviour it 1is preferred that the modification of the
promoter occurs via substitution so that the promoter is modi-
fied by substituting nucleotides of the promoter sequence to
introduce at least one nucleic acid sequence selected from the
group consisting of GATAX1X>X3X4XsXe (X7)m, ATCCTTTTAG (SEQ ID No.
1) and AAA into the promoter.

In the first step of this method for modifying a promoter,
a promoter must be provided. This promoter can be of any
origin. The promoter can be a naturally occurring promoter,
but it can also be a variant of such a naturally occurring se-
quence. Hybrid versions of several naturally occurring promot-—
ers are also suitable. A synthetically produced promoter se-
quence can also be used. Persons skilled in the art know how
to produce such sequences.

One of the neutral nucleic acid sequences that can be used
in the method of the present invention consists of the nucleic
acid sequence GATAX1X2X3X4X:5Xe(X7)m. This nucleic acid sequence
can be used to modify the original promoter by insertion or
substitution. Xi1 to X7 stand for nucleotides. The nucleotides
are preferably selected from the group consisting of A, C, G,
and T.

According to a particularly preferred embodiment of the
present invention X: is A or T, X2 by C or G, X3 by C or G, X4
by C or G, X5 by A or T and ¥Xs by C or G, whereby X: is even
more preferred A, Xz is even more preferred C, X3 1s even more
preferred C, X4 is even more preferred G, Xs is even more pre-
ferred T and Xs 1s even more preferred G.

Nucleic acid sequence GATAX1X2X3X4X:Xe(X7)m may consist of
10 to 20 nucleotides, whereby variable m defines the length of
said nucleic acid sequence. m is defined to be an integer be-
tween 0 and 10, wherein in a preferred embodiment of the pre-
sent invention m is an integer between 0 and 8, more prefera-
bly 0 and 6, more preferably between 0 and 4, more preferably
between 0 and 2. In a particular preferred embodiment m is O,

so that the nucleic acid sequence to be incorporated into a
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promoter has a length of 10 nucleotides. The variation in the
length of the nucleic acid sequence also varies the number of
substituted nucleotides in the promoter.

In a particularly preferred embodiment of the present in-
vention the nucleic acid sequence to be incorporated into a
promoter consists of GATAACCGTG (SEQ ID No. 2). This nucleic
acid sequence can be either inserted into the promoter or sub-
stituted by nucleotides of the promoter.

The nucleic acid sequence to be incorporated into a pro-
moter by insertion and/or substitution may alternatively con-
sist of ATCCTTTTAG (SEQ ID No. 1) and/or AAA. Also these nu-
cleic acid sequences are to be considered as neutral nucleic
acid sequences and may lead to modified promoters showing an
altered, preferably an increased, transcription rate of a nu-
cleic acid molecules encoding a polypeptide or protein.

In a particularly preferred embodiment of the present in-
vention the promoter may be modified by incorporating (by sub-
station or insertion) various combinations of nucleic acid se-
quences GATAX1X2X3X4Xs5Xs(X7)m, ATCCTTTTAG (SEQ ID No. 1) and AAA.
It is particularly preferred to incorporate GATAX1X2X3X4X5Xs (X7)m
and ATCCTTTTAG (SEQ ID No. 1), GATAX1X»X3X4X5Xs (X7)n and AAA,
ATCCTTTTAG (SEQ ID No. 1) and AAA or even all three of these
nucleic acid sequences (i.e. GATAX1X2X3X4Xs5X6(X7)n, ATCCTTTTAG
(SEQ ID No. 1) and AAA).

According to an especially preferred embodiment of the
present invention the promoter is modified in the regulatory
region of the promoter. The modification in the regulatory re-
gion of the promoter makes it possible to identify potential
regulatory hotspots and to manufacture modified promoters with
altered regulation profiles and increased promoter strength. A
“regulatory region” of a promoter comprises or consists of a
TFBS and/or suppressor binding site. Transcription factor
binding sites are regions within the promoter that influence
transcription. Regulatory regions can be identified using a
semi-rational approach. Suppressor binding sites bind polypep-
tides or proteins which suppress and thus reduce the tran-

scription rate of the promoter. Modifications of the promoter
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sequence elither upstream or downstream of the TFBS or suppres-
sor binding site is particularly preferred.

According to another preferred embodiment of the present
invention the promoter is a eukaryotic promoter, i.e. a pro-
moter which is directly derived from an eukaryotic cell or
functionally active in a eukaryotic cell. In an even more pre-
ferred embodiment of the present invention the promoter to be
modified is a fungal promoter. A fungal promoter is a promoter
naturally present in cells of the fungi kingdom or function-
ally active in such cells. Particularly preferred fungal pro-
moters are yeast promoters, more preferably promoters of
methylotrophic yeast cells.

According to an even more preferred embodiment of the pre-
sent invention the fungal promoter is a promoter of a fungal
cell from the phylum Ascomycota. Ascomycota are of great im-
portance to humans, as they are responsible for many diseases
and are also relevant in medicine, food industry and ecosys-
tems. Some representatives of Ascomycota are used for manufac-
turing recombinant proteins and polypeptides.

The promoter of a fungal cell from the phylum Ascomycota
is preferably from the genus Komagataella, more preferably
from Komagataella phaffii. Other preferable promoters are DNA
sequences which are active as promoters in filamentous fungi
like Trichoderma sp, Myceliophthora sp., Myceliophthora ther-
mophila (e.g. Myceliophthora thermophila Cl) and Aspergillus
sp.

Due to its large popularity, strength and tight regula-
tion, the alcohol oxidase 1 promoter of Komagataella phaffii
(Pichia pastoris) 1s a prime example for promoter engineering.
Using a random engineering approach variants with increased
depressed expression and higher expression could be produced.

Komagataella phaffi is one of the most important eukary-
otic hosts for recombinant protein production with its capac-
ity to produce and secrete proteins to high levels, glycosyla-
tion pattern and low amount of endogenously secreted proteins.
The classic promoter sequences for the Komagataella phaffii
expression system are still used frequently. New alternatives

include promoters of genes associated with the methanol
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utilization pathway. As such the catalase promoter of Komaga-
taella phaffii is described, which is not only inducible by
methanol, but also got activated upon carbon source depletion
called de-repression increasing the feasibility of methanol-
free protein production.

The modified promoter according to the present invention
can be used to increase the expression of proteins or polypep-
tides in fungi, preferably Komagataella phaffi. In particular,
the modified promoter of the present invention can increase
the protein expression of antibodies and other binding pro-
teins or fragments thereof, enzymes, food and feed proteins,
biopharmaceutical proteins, structural proteins and proteins
for materials and cosmetics

Still further preferred the promoter according to the pre-
sent invention is a yeast promoter, preferably associated with
a gene encoding for a catalase, preferably for a catalase from
Komagataella phaffii, or a heat shock protein, preferably for
heat shock protein 12, more preferably for heat shock protein
12 from Komagataella phaffii.

K. phaffii is one of the most important eukaryotic hosts
for recombinant protein production with its capacity to pro-
duce and secrete proteins to high levels, favourable glycosyl-
ation pattern and low amount of endogenously secreted pro-
teins, to name only a few advantages. Although it has been
shown that fine-tuning gene expression by employing promoter
sequences with suitable regulation elements and strengths is a
feasible approach to increase the yield for your protein(s) of
interest, the classic promoter sequences for the K. phaffii
(PAOX1 and PGAP) expression system are still used frequently.
Alternatives include promoters of genes associated with the
MUT pathway. There, for the first time catalase promoters of K
phaffii, e.g. PCTAl (also known as PCAT), were described as a
strong regulated promoter with intriguing response to various
carbon sources. These promoters are not only inducible by
methanol, but also can be activated upon carbon source deple-
tion, a mechanisms known from regulatory sequences associated
with the carbon metabolism and called derepression. Due to the

favourable qualities of the PCTAl it was chosen as a target
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for promoter engineering to identify potential regulatory re-
gions and to create novel sequence-diversified promoter vari-
ants. Another very strong regulatory sequence is the promoter
of heat shock protein (HSP12), named PDH, which may also serve
a promoter to be modified with the method of the present in-
vention.

Filamentous fungi are often used as industrial protein
production hosts for heterologous and homologous protein pro-
duction, and they possess an enormous potential for efficient
large-scale production for recombinant gene products. Hence,
the promoters of the present invention can also be used in
such cells.

Fungi of the genus Myceliophthora, like Myceliophthora
thermophila (also known as Chrysosporium thermophilum, Spo-
rotrichum thermophile, Thielavia heterothallica and Corynascus
heterothallicus) and in particular Myceliophthora thermophila
Cl, for instance, are filamentous fungi, and can be used for
the production of thermostable enzymes, food and feed pro-
teins, therapeutic proteins and protein based biomaterials,
for instance. The high product titers of proteins, make it an
interesting expression host for biotechnological applications.

Efficient protein expression depends on several factors
for example on regulatory sequences, like promoters, which
have a great impact on the expression levels. Therefore, pro-
moter engineering is an effective tool to generate a positive
impact on gene expression levels and increase the protein ti-
tres. For M. thermophila there are varying constitutive pro-
moters published and the promoter of the pyruvate decarbox-
ylase-like gene, Pepc, (MYCTH 112121; Gene ID:11511210) is one
target for promoter engineering to create optimized promoter
variants.

Hence, the promoter used in the present invention prefera-
bly comprises or consists of a nucleic acid sequence having at
least 80% identity, preferably at least 90% identity, more
preferably at least 95% identity, to SEQ ID No. 3, SEQ ID No.
4 or SEQ ID No. 33, wherein it is particularly preferred that

the promoter used in the present invention comprises or
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consists of nucleic acid sequence SEQ ID No. 3, SEQ ID No. 4
or SEQ ID No. 33.

PCTAl (SEQ ID No. 3):

TAATCGAACTCCGAATGCGGTTCTCCTGTAACCTTAATTGTAGCATAGATCACTTAAATARAA
CTCATGGCCTGACATCTGTACACGTTCTTATTGGTCTTTTAGCAATCTTGAAGTCTTTCTAT
TGTTCCGGTCGGCATTACCTAATAAATTCGAATCGAGATTGCTAGTACCTGATATCATATGA
AGTAATCATCACATGCAAGTTCCATGATACCCTCTACTAATGGAATTGAACAAAGTTTAAGC
TTCTCGCACGAGACCGAATCCATACTATGCACCCCTCAAAGTTGGGATTAGTCAGGAAAGCT
GAGCAATTAACTTCCCTCGATTGGCCTGGACTTTTCGCTTAGCCTGCCGCAATCGGTAAGTT
TCATTATCCCAGCGGGGTGATAGCCTCTGTTGCTCATCAGGCCAAAATCATATATAAGCTGT
AGACCCAGCACTTCAATTACTTGAAATTCACCATAACACTTGCTCTAGTCAAGACTTACAAT
TAAA

PDH (SEQ ID No. 4):

CTTCAGTAAGAGAAGGAAGCTTGGTGACGATCACAGCTATGATGTAATAGAAATTGCTAAGC
AATTGTGAGGTGTGATGTATTTTGCAGAGCAATTGTGCGGTACAACGGGGTGTTATTGTCTT
CACAAGGCATTTATTGCGAATTTCGTAGTTGAAAGAATATTTTAGCACAGGGTGCTTGACCC
CTATTGTTGCTCGCTAAACCATGATTGCTAAATGATGACATAGCAATCACTTTACTAAGATT
GCTATAAGGACACCTTTCTTAGTATAAATGGACACTCTTTTCCCCTGCTAAACTTCTTTTAT
TTTTCACACTTAAACAGTTACAAAACACAAACACAACTAGAA

PDC (SEQ ID No. 33):

CCGAGTGTACTCCGTAAGGAGGGTTGGTCTCATGCCTCTTGGCGGGAGCCGCCCGATAACTA
GTATAACTAGTTGTAACTCCGTATCCGGTTACGGAAACGGAAAGGCCCGCTCGGCTGTTCTC
CGGCGGCTCCCCGATCGCTGATCAGAGCATGGAACAGATGTCAATTACATCACTCCCGCGTA
AACGAACCATAGTTATCGAACCACAGTTATCGAACCACAGAGCCAGCCCATGGGAACGTCTG
AACAGCTCGGAGGATGCAACCGATATTGCAATGCAAAACGTCACCCATGCTACAATTAATTC
CCTGCACAACTACTTGTAAGCCGCGAGGCCTAGAACACAGTTGCAGAACCTGGGTATCGTGC
CTGTGGTCTGATGCAGATATGTGTCACCACTCAAGACCCCGCCAACACGCCGCTTCGAGGCC
CTGAACAGTACAAAGGGCGCTTCAAATTCGTACAAGCCCCCCCGAGGCCGTTTTCAAGTCTT
TGTATGACCATCTATTTTCCGATTGACGTCCCTCACGGATTCTCTTTCGTTGCTGACCTCCT
TGTGACCACAAACATCGCCAACAACAGAC
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“Identity” of two or more nucleic acid sequences can be
determined by aligning these nucleic acid sequences. An align-
ment can be performed using BLAST (National Center for Biolog-
ical Information (NCBI) Basic Local Alignment Search Tool)
version 2.13.0 software with default parameters. Nucleic acid
% sequence identity between nucleic acid sequences can be de-
termined using standard nucleotide BLAST with the following
default parameters: Max target sequences: 100; Short queries:
Automatically adjust parameters for short input sequences; Ex-
pect threshold: 10; Word size: 28; Max matches in a query
range: 0; Match/Mismatch Scores: 1, -2; Gap costs: Linear;
Filter: Low complexity regions; Mask: Mask for lookup table
only. A sequence having an identity score of XX % (for exam-
ple, 80%) with regard to a reference sequence using the NCBI
BLAST version 2.13.0 algorithm with default parameters is con-
sidered to be at least XX % identical or, equivalently, have
XX % sequence identity to the reference sequence.

Encompassed are also promoter variants having truncations
at the 5’- and/or 3’-end of the promoter from which the pro-
moter variants are derived from. Thus, truncated versions of
the promoter variants of the present invention may include 5’-
and/or 3’ -deletions of 1 to 200, preferably of 1 to 150, more
preferably of 1 to 100, more preferably of 1 to 50, nucleo-
tides, under the proviso that the truncation does not include
the site of the insertion and/or the substitution of at least
one nucleic acid sequence selected from the group consisting
of GATAX X2X3X4X5X6 (X7)m, ATCCTTTTAG (SEQ ID No. 1) and AAA into
the promoter.

The modifications described below for promoter comprising
or consisting of a nucleic acid sequence having at least 80%
identity to SEQ ID No. 3 or SEQ ID No. 4 are preferably sub-
stitutions of nucleotides of the promoter sequence to intro-
duce at least one nucleic acid sequence selected from the
group consisting of GATAX1X2X3X4Xs5Xe(X7)m, ATCCTTTTAG (SEQ ID No.
1) and AAA into the promoter.

The promoter comprising or consisting of a nucleic acid
sequence having at least 80% identity to SEQ ID No. 3 can be

modified according to the present invention. The modification
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of the promoter according to the invention leads to a promoter
exhibiting improved properties compared to the wild-type/un-
modified promoter, in particular it leads to an increased
transcription efficiency and, thus, an increased protein ex-
pression. The promoter can be improved even more by carrying
out multiple modifications according to the present invention.

According to a particularly preferred embodiment of the
present invention the promoter comprising or consisting of a
nucleic acid sequence having at least 80% identity to SEQ ID
No. 3 is modified within at least one promoter region selected
from the group consisting of position 1 to 20, position 131 to
150, position 251 to 270, position 371 to 390, position 401 to
410 and position 461 to 480 of SEQ ID No. 3. Even more pre-
ferred the promoter comprising or consisting of a nucleic acid
sequence having at least 80% identity to SEQ ID No. 3 is modi-
fied within at least one promoter region selected from the
group consisting of position 1 to 10, position 131 to 140, po-
sition 251 to 260, position 371 to 380, position 401 to 410
and position 471 to 480 of SEQ ID No. 3. In an even more pre-
ferred embodiment the position 1 to 10 is thereby preferably
modified with ATCCTTTTAG (SEQ ID No. 1) and positions 131 to
140, 251 to 260 371 to 380, position 401 to 410 and 471 to 480
are preferably modified with GATAX1X2X3X4Xs5Xe6(X7)m.

The modification of the promoter comprising or consisting
of a nucleic acid sequence having at least 80% identity to SEQ
ID No. 3 at one or more of the aforementioned sites by intro-
ducing at least one nucleic acid sequence selected from the
group consisting of GATAX1X>X3X4XsXe (X7)m, ATCCTTTTAG (SEQ ID No.
1) and AAA or substituting nucleotides of the promoter to in-
troduce at least one nucleic acid sequence selected from the
group consisting of GATAX1X>X3X4XsXe (X7)m, ATCCTTITTAG (SEQ ID No.
1) and AAA results in a promoter variant showed a signifi-
cantly increased transcription rate compared to the wild-type
promoter, whereby nucleic acid sequence GATAX:1X2X3XsXs5Xe(X7)m 1s
preferably used for the promoter modifications.

According to another especially preferred embodiment of
the present invention the promoter comprising or consisting of

a nucleic acid sequence having at least 80% identity to SEQ ID
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No. 3 is modified simultaneously at positions 1 to 10, 131 to
140 and 251 to 260; or 131 to 140, 251 to 260 and 401 to 410;
or 131 to 140, 251 to 260 and 471 to 480; or 1 to 10, 131 to
140, 251 to 260 and 371 to 380; or 1 to 10, 131 to 140, 251 to
260 and 471 to 480; or 1 to 10, 131 to 140, 251 to 260, 371 to
380, 401 to 410 and 471 to 480.

According to the present invention promoters can also be
modified additionally by deletion. Modifying a promoter se-
quence by deletion means that certain nucleotides of the orig-
inal promoter sequence are eliminated. No new nucleotides are
added to the promoter sequence. The deletion of single nucleo-
tides or nucleic acid stretches within the promoter to be mod-
ified, may also influence the transcription rate of nucleic
acid sequences operably linked to such promoters. Hence, 1t is
particularly preferred to delete one or more, preferably one,
two, three, four, five, six or even all, nucleotides within
positions 89 to 101, 137, 138, 162, 176 and/or 448 to 468 of
the promoter comprising or consisting of a nucleic acid se-
quence having at least 80% identity to SEQ ID No. 3. Deletions
on putative transcription factor binding sites are particu-
larly preferred.

According to an especially preferred embodiment of the in-
vention the promoter comprising or consisting of a nucleic
acid sequence having at least 80% identity to SEQ ID No. 3 is
modified at positions 371 to 380 by substitution and at posi-
tions 89 to 101, 137, 138, 162 and 176 by deletion, or at po-
sitions 251 to 260 by substitution and at positions 89 to 101,
137, 138, 162 and 176 by deletion, or at positions 131 to 140
and 251 to 260 by substitution and at positions 448 to 468 by
deletion, or at positions 1 to 10 and 251 to 260 by substitu-
tion and at positions 448 to 468 by deletion.

These promoter modifications lead to improved product ex-
pression properties, in particular it leads to an increased
expression rate. In particular the multiple modifications ac-
cording to the present invention are particularly advanta-
geous. If these multiple modifications are carried out at the
defined positions, the properties of the promoter can be fur-

ther improved.
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According to a particularly preferred embodiment of the
present invention the promoter comprising or consisting of a
nucleic acid sequence having at least 80% identity to SEQ ID
No. 4 is modified within at least one region selected from the
group consisting of position 1 to 20, position 151 to 170 and
position 171 to 190, preferably at position 1 to 20, position
161 to 170 and position 171 to 180. In doing so, it is even
more preferred that the promoter comprising or consisting of a
nucleic acid sequence having at least 80% identity to SEQ ID
No. 4 is simultaneously modified at positions 161 to 170 and
171 to 180; or 11 to 20, 161 to 170 and 171 to 180.

It turned out that modifications of the aforementioned re-
gions of the PDH promoter as defined result in a modified pro-
moter showing an increased transcription rate of a nucleic
acid sequence operably linked thereto compared to the wild-
type promoter.

In order to increase the transcription rate further, the
promoter comprising or consisting of a nucleic acid sequence
having at least 80% identity to SEQ ID No. 4 is modified in a
specific region with the nucleic acid sequence AAA. The prop-
erties of the promoter thus can be further improved by per-
forming multiple modifications at specific positions with nu-
cleic sequence AAA.

According to an especially preferred embodiment of the
present invention the promoter comprising or consisting of a
nucleic acid sequence having at least 80% identity to SEQ ID
No. 4 is modified with nucleic acid AAA within at least one
promoter region selected from the group consisting of position
235 to 237 and position 349 to 351.

According to a particularly preferred embodiment of the
present invention the promoter comprising or consisting of a
nucleic acid sequence having at least 80% identity to SEQ ID
No. 4 is modified, preferably substituted, with nucleic acid
AAA within at least one promoter region selected from the
group consisting of position 37 to 39, position 103 to 105,
position 109 to 111, position 178 to 180, position 235 to 237
and position 349 to 351.
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According to an especially preferred embodiment of the
present invention the promoter comprising or consisting of a
nucleic acid sequence having at least 80% identity to SEQ ID
No. 4 is modified within at least one promoter region selected
from the group consisting of position 161 to 170, position 171
to 180, position 37 to 39, position 103 to 105, position 109
to 111, position 121 to 130, position 178 to 180, position 235
to 237 and position 349 to 351, whereby position 121 to 130,
161 to 170 and position 171 to 180 is preferably modified with
nucleic acid GATAX:1X2X3X1Xs5Xes (X7)rw and position 37 to 39, posi-
tion 103 to 105, position 109 to 111, position 178 to 180, po-
sition 235 to 237 and position 349 to 351 are preferably modi-
fied with nucleic acid AAA.

According to a preferred embodiment of the present inven-
tion the promoter comprising or consisting of a nucleic acid
sequence having at least 80% identity to SEQ ID No. 33 is mod-
ified within at least one promoter region selected from the
group consisting of position 1 to 10, position 21 to 30, posi-
tion 141 to 150, position 461 to 470, position 61 to 70, posi-
tion 281 to 290, position 361 to 370, position 301 to 310 and
position 561 to 570 of SEQ ID No. 33, preferably within posi-
tion 1 to 10 and/or position 461 to 470 of SEQ ID No. 33.

According to another preferred embodiment of the present
invention the promoter comprising or consisting of a nucleic
acid sequence having at least 80% identity to SEQ ID No. 33 is
modified with GATAX:1X2X3X4Xs5Xs (X7)m, preferably with SEQ ID No.
2. These aforementioned regions are preferably substituted
with GATAX X2X3X4XsXe (X7)m, preferably with SEQ ID No. 2.

The present invention also relates to a promoter variant
obtainable by a method described in the invention. The pro-
moter thus produced has improved properties compared to the
original promoter from which it has been derived from. The
promoter variant according to the invention preferably shows a
higher transcription rate of a nucleic acid sequence operably
linked thereto compared to the original promoter. The promoter
variant according to the invention can be used in all areas in

which a high level of protein production is desired.
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Promotors produced by and/or being identified using the
process of the present invention have improved properties com-
pared to their respective original promotors. Preferably,
these promoters have an increased transcription rate, in par-
ticular they show a higher transcription rate under methanol-
inducing conditions and/or under de-repressed conditions.

According to a particularly preferred embodiment of the
present invention these promoter variant comprises or consists
of a nucleic acid sequence selected from the group of SEQ ID
No. 5, SEQ ID No. 6, SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9,
SEQ ID No. 10, SEQ ID No. 11, SEQ ID No. 12, SEQ ID No. 13,
SEQ ID No. 14, SEQ ID No. 15, SEQ ID No. 16, SEQ ID No. 17,
SEQ ID No. 18, SEQ ID No. 19, SEQ ID No. 20, SEQ ID No. 21,
SEQ ID No. 22, SEQ ID No. 23 and SEQ ID No. 24. These promot-
ers are preferably used in yeast cells to control the expres-
sion of homologous and/or heterologous proteins and/or pep-

tides.

SEQ ID No. 5:

ATCCTTTTAGCCGAATGCGGTTCTCCTGTAACCTTAATTGTAGCATAGATCACTTAAATAAA
CTCATGGCCTGACATCTGTACACGTTCTTATTGGTCTTTTAGCAATCTTGAAGTCTTTCTAT
TGTTCCGGTCGGCATTACCTAATAAATTCGAATCGAGATTGCTAGTACCTGATATCATATGA
AGTAATCATCACATGCAAGTTCCATGATACCCTCTACTAATGGAATTGAACAAAGTTTAAGC
TTCTCGCACGAGACCGAATCCATACTATGCACCCCTCAAAGTTGGGATTAGTCAGGAAAGCT
GAGCAATTAACTTCCCTCGATTGGCCTGGACTTTTCGCTTAGCCTGCCGCAATCGGTAAGTT
TCATTATCCCAGCGGGGTGATAGCCTCTGTTGCTCATCAGGCCAAAATCATATATAAGCTGT
AGACCCAGCACTTCAATTACTTGAAATTCACCATAACACTTGCTCTAGTCAAGACTTACAAT
TAAA

SEQ ID No. 6:

TAATCGAACTCCGAATGCGGTTCTCCTGTAACCTTAATTGTAGCATAGATCACTTAAATARAA
CTCATGGCCTGACATCTGTACACGTTCTTATTGGTCTTTTAGCAATCTTGAAGTCTTTCTAT
TGTTCCGATAACCGTGACCTAATAAATTCGAATCGAGATTGCTAGTACCTGATATCATATGA
AGTAATCATCACATGCAAGTTCCATGATACCCTCTACTAATGGAATTGAACAAAGTTTAAGC
TTCTCGCACGAGACCGAATCCATACTATGCACCCCTCARAAGTTGGGATTAGTCAGGAAAGCT
GAGCAATTAACTTCCCTCGATTGGCCTGGACTTTTCGCTTAGCCTGCCGCAATCGGTAAGTT
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TCATTATCCCAGCGGGGTGATAGCCTCTGTTGCTCATCAGGCCAAAATCATATATAAGCTGT
AGACCCAGCACTTCAATTACTTGAAATTCACCATAACACTTGCTCTAGTCAAGACTTACAAT
TAAA

SEQ ID No. 7:

TAATCGAACTCCGAATGCGGTTCTCCTGTAACCTTAATTGTAGCATAGATCACTTAAATARAA
CTCATGGCCTGACATCTGTACACGTTCTTATTGGTCTTTTAGCAATCTTGAAGTCTTTCTAT
TGTTCCGGTCGGCATTACCTAATAAATTCGAATCGAGATTGCTAGTACCTGATATCATATGA
AGTAATCATCACATGCAAGTTCCATGATACCCTCTACTAATGGAATTGAACAAAGTTTAAGC
TTGATAACCGTGACCGAATCCATACTATGCACCCCTCAAAGTTGGGATTAGTCAGGAAAGCT
GAGCAATTAACTTCCCTCGATTGGCCTGGACTTTTCGCTTAGCCTGCCGCAATCGGTAAGTT
TCATTATCCCAGCGGGGTGATAGCCTCTGTTGCTCATCAGGCCAAAATCATATATAAGCTGT
AGACCCAGCACTTCAATTACTTGAAATTCACCATAACACTTGCTCTAGTCAAGACTTACAAT
TAAA

SEQ ID No. 8:

TAATCGAACTCCGAATGCGGTTCTCCTGTAACCTTAATTGTAGCATAGATCACTTAAATARAA
CTCATGGCCTGACATCTGTACACGTTCTTATTGGTCTTTTAGCAATCTTGAAGTCTTTCTAT
TGTTCCGGTCGGCATTACCTAATAAATTCGAATCGAGATTGCTAGTACCTGATATCATATGA
AGTAATCATCACATGCAAGTTCCATGATACCCTCTACTAATGGAATTGAACAAAGTTTAAGC
TTCTCGCACGAGACCGAATCCATACTATGCACCCCTCAAAGTTGGGATTAGTCAGGAAAGCT
GAGCAATTAACTTCCCTCGATTGGCCTGGACTTTTCGCTTAGCCTGCCGCAATCGGTAAGGA
TAACCGTGCCAGCGGGGTGATAGCCTCTGTTGCTCATCAGGCCAAAATCATATATAAGCTGT
AGACCCAGCACTTCAATTACTTGAAATTCACCATAACACTTGCTCTAGTCAAGACTTACAAT
TAAA

SEQ ID No. 9:

TAATCGAACTCCGAATGCGGTTCTCCTGTAACCTTAATTGTAGCATAGATCACTTAAATARAA
CTCATGGCCTGACATCTGTACACGTTCTTATTGGTCTTTTAGCAATCTTGAAGTCTTTCTAT
TGTTCCGGTCGGCATTACCTAATAAATTCGAATCGAGATTGCTAGTACCTGATATCATATGA
AGTAATCATCACATGCAAGTTCCATGATACCCTCTACTAATGGAATTGAACAAAGTTTAAGC
TTCTCGCACGAGACCGAATCCATACTATGCACCCCTCAAAGTTGGGATTAGTCAGGAAAGCT
GAGCAATTAACTTCCCTCGATTGGCCTGGACTTTTCGCTTAGCCTGCCGCAATCGGTAAGTT
TCATTATCCCAGCGGGGTGATAGCCTCTGTTGCTCATCAGGCCAAAATCATATATAAGCTGT
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AGACCCAGCACTTCAATTACTTGAAATTCACCATAAGATAACCGTGAGTCAAGACTTACAAT
TAAA

SEQ ID No. 10:

TAATCGAACTCCGAATGCGGTTCTCCTGTAACCTTAATTGTAGCATAGATCACTTAAATARAA
CTCATGGCCTGACATCTGTACACGTTCTTATTGGTCTTTTAGCAATCTTGAAGTCTTTCTAT
TGTTCCGATAACCGTGACCTAATAAATTCGAATCGAGATTGCTAGTACCTGATATCATATGA
AGTAATCATCACATGCAAGTTCCATGATACCCTCTACTAATGGAATTGAACAAAGTTTAAGC
TTGATAACCGTGACCGAATCCATACTATGCACCCCTCAAAGTTGGGATTAGTCAGGAAAGCT
GAGCAATTAACTTCCCTCGATTGGCCTGGACTTTTCGCTTAGCCTGCCGCAATCGGTAAGTT
TCATTATCCCAGCGGGGTGATAGCCTCTGATAACCGTGAGGCCAAAATCATATATAAGCTGT
AGACCCAGCACTTCAATTACTTGAAATTCACCATAACACTTGCTCTAGTCAAGACTTACAAT
TAAA

SEQ ID No. 11:

TAATCGAACTCCGAATGCGGTTCTCCTGTAACCTTAATTGTAGCATAGATCACTTAAATARAA
CTCATGGCCTGACATCTGTACACGTTCTTATTGGTCTTTTAGCAATCTTGAAGTCTTTCTAT
TGTTCCGATAACCGTGACCTAATAAATTCGAATCGAGATTGCTAGTACCTGATATCATATGA
AGTAATCATCACATGCAAGTTCCATGATACCCTCTACTAATGGAATTGAACAAAGTTTAAGC
TTGATAACCGTGACCGAATCCATACTATGCACCCCTCAAAGTTGGGATTAGTCAGGAAAGCT
GAGCAATTAACTTCCCTCGATTGGCCTGGACTTTTCGCTTAGCCTGCCGCAATCGGTAAGTT
TCATTATCCCAGCGGGGTGATAGCCTCTGTTGCTCATCAGGCCAAAATCATATATAAGCTGT
AGACCCAGCACTTCAATTACTTGAAATTCACCATAAGATAACCGTGAGTCAAGACTTACAAT
TAAA

SEQ ID No. 12:

ATCCTTTTAGCCGAATGCGGTTCTCCTGTAACCTTAATTGTAGCATAGATCACTTAAATAAA
CTCATGGCCTGACATCTGTACACGTTCTTATTGGTCTTTTAGCAATCTTGAAGTCTTTCTAT
TGTTCCGATAACCGTGACCTAATAAATTCGAATCGAGATTGCTAGTACCTGATATCATATGA
AGTAATCATCACATGCAAGTTCCATGATACCCTCTACTAATGGAATTGAACAAAGTTTAAGC
TTGATAACCGTGACCGAATCCATACTATGCACCCCTCAAAGTTGGGATTAGTCAGGAAAGCT
GAGCAATTAACTTCCCTCGATTGGCCTGGACTTTTCGCTTAGCCTGCCGCAATCGGTAAGTT
TCATTATCCCAGCGGGGTGATAGCCTCTGTTGCTCATCAGGCCAAAATCATATATAAGCTGT
AGACCCAGCACTTCAATTACTTGAAATTCACCATAACACTTGCTCTAGTCAAGACTTACAAT
TAAA
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SEQ ID No. 13:

ATCCTTTTAGCCGAATGCGGTTCTCCTGTAACCTTAATTGTAGCATAGATCACTTAAATAAA
CTCATGGCCTGACATCTGTACACGTTCTTATTGGTCTTTTAGCAATCTTGAAGTCTTTCTAT
TGTTCCGATAACCGTGACCTAATAAATTCGAATCGAGATTGCTAGTACCTGATATCATATGA
AGTAATCATCACATGCAAGTTCCATGATACCCTCTACTAATGGAATTGAACAAAGTTTAAGC
TTGATAACCGTGACCGAATCCATACTATGCACCCCTCAAAGTTGGGATTAGTCAGGAAAGCT
GAGCAATTAACTTCCCTCGATTGGCCTGGACTTTTCGCTTAGCCTGCCGCAATCGGTAAGGA
TAACCGTGCCAGCGGGGTGATAGCCTCTGTTGCTCATCAGGCCAAAATCATATATAAGCTGT
AGACCCAGCACTTCAATTACTTGAAATTCACCATAACACTTGCTCTAGTCAAGACTTACAAT
TAAA

SEQ ID No. 14:

ATCCTTTTAGCCGAATGCGGTTCTCCTGTAACCTTAATTGTAGCATAGATCACTTAAATAAA
CTCATGGCCTGACATCTGTACACGTTCTTATTGGTCTTTTAGCAATCTTGAAGTCTTTCTAT
TGTTCCGATAACCGTGACCTAATAAATTCGAATCGAGATTGCTAGTACCTGATATCATATGA
AGTAATCATCACATGCAAGTTCCATGATACCCTCTACTAATGGAATTGAACAAAGTTTAAGC
TTGATAACCGTGACCGAATCCATACTATGCACCCCTCAAAGTTGGGATTAGTCAGGAAAGCT
GAGCAATTAACTTCCCTCGATTGGCCTGGACTTTTCGCTTAGCCTGCCGCAATCGGTAAGTT
TCATTATCCCAGCGGGGTGATAGCCTCTGTTGCTCATCAGGCCAAAATCATATATAAGCTGT
AGACCCAGCACTTCAATTACTTGAAATTCACCATAAGATAACCGTGAGTCAAGACTTACAAT
TAAA

SEQ ID No. 15:

ATCCTTTTAGCCGAATGCGGTTCTCCTGTAACCTTAATTGTAGCATAGATCACTTAAATAAA
CTCATGGCCTGACATCTGTACACGTTCTTATTGGTCTTTTAGCAATCTTGAAGTCTTTCTAT
TGTTCCGATAACCGTGACCTAATAAATTCGAATCGAGATTGCTAGTACCTGATATCATATGA
AGTAATCATCACATGCAAGTTCCATGATACCCTCTACTAATGGAATTGAACAAAGTTTAAGC
TTGATAACCGTGACCGAATCCATACTATGCACCCCTCAAAGTTGGGATTAGTCAGGAAAGCT
GAGCAATTAACTTCCCTCGATTGGCCTGGACTTTTCGCTTAGCCTGCCGCAATCGGTAAGGA
TAACCGTGCCAGCGGGGTGATAGCCTCTGATAACCGTGAGGCCAAAATCATATATAAGCTGT
AGACCCAGCACTTCAATTACTTGAAATTCACCATAAGATAACCGTGAGTCAAGACTTACAAT
TAAA

SEQ ID No. 16:
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CTTCAGTAAGGATAACCGTGTTGGTGACGATCACAGCTATGATGTAATAGAAATTGCTAAGC
AATTGTGAGGTGTGATGTATTTTGCAGAGCAATTGTGCGGTACAACGGGGTGTTATTGTCTT
CACAAGGCATTTATTGCGAATTTCGTAGTTGAAAGAATATTTTAGCACAGGGTGCTTGACCC
CTATTGTTGCTCGCTAAACCATGATTGCTAAATGATGACATAGCAATCACTTTACTAAGATT
GCTATAAGGACACCTTTCTTAGTATAAATGGACACTCTTTTCCCCTGCTAAACTTCTTTTAT
TTTTCACACTTAAACAGTTACAAAACACAAACACAACTAGAA

SEQ ID No. 17:

CTTCAGTAAGAGAAGGAAGCTTGGTGACGATCACAGCTATGATGTAATAGAAATTGCTAAGC
AATTGTGAGGTGTGATGTATTTTGCAGAGCAATTGTGCGGTACAACGGGGTGTTATTGGATA
ACCGTGGCATTTATTGCGAATTTCGTAGTTGAAAGAATATTTTAGCACAGGGTGCTTGACCC
CTATTGTTGCTCGCTAAACCATGATTGCTAAATGATGACATAGCAATCACTTTACTAAGATT
GCTATAAGGACACCTTTCTTAGTATAAATGGACACTCTTTTCCCCTGCTARACTTCTTTTAT
TTTTCACACTTAAACAGTTACAAAACACAAACACAACTAGAA

SEQ ID No. 18:

CTTCAGTAAGAGAAGGAAGCTTGGTGACGATCACAGCTATGATGTAATAGAAATTGCTAAGC
AATTGTGAGGTGTGATGTATTTTGCAGAGCAATTGTGCGGTACAACGGGGTGTTATTGTCTT
CACAAGGCATTTATTGCGAATTTCGTAGTTGAAAGAGATAACCGTGACAGGGTGCTTGACCC
CTATTGTTGCTCGCTAAACCATGATTGCTAAATGATGACATAGCAATCACTTTACTAAGATT
GCTATAAGGACACCTTTCTTAGTATAAATGGACACTCTTTTCCCCTGCTAAACTTCTTTTAT
TTTTCACACTTAAACAGTTACAAAACACAAACACAACTAGAA

SEQ ID No. 19:

CTTCAGTAAGAGAAGGAAGCTTGGTGACGATCACAGCTATGATGTAATAGAAATTGCTAAGC
AATTGTGAGGTGTGATGTATTTTGCAGAGCAATTGTGCGGTACAACGGGGTGTTATTGTCTT
CACAAGGCATTTATTGCGAATTTCGTAGTTGAAAGAATATTTTAGCGATAACCGTGTGACCC
CTATTGTTGCTCGCTAAACCATGATTGCTAAATGATGACATAGCAATCACTTTACTAAGATT
GCTATAAGGACACCTTTCTTAGTATAAATGGACACTCTTTTCCCCTGCTAAACTTCTTTTAT
TTTTCACACTTAAACAGTTACAAAACACAAACACAACTAGAA

SEQ ID No. 20:
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CTTCAGTAAGAGAAGGAAGCTTGGTGACGATCACAGCTATGATGTAATAGAAATTGCTAAGC
AATTGTGAGGTGTGATGTATTTTGCAGAGCAATTGTGCGGTACAACGGGGTGTTATTGTCTT
CACAAGGCATTTATTGCGAATTTCGTAGT TGAAAGAGATAACCGTGGATAACCGTGTGACCC
CTATTGTTGCTCGCTAAACCATGATTGCTAAATGATGACATAGCAATCACTTTACTAAGATT
GCTATAAGGACACCTTTCTTAGTATAAATGGACACTCTTTTCCCCTGCTAAACTTCTTTTAT
TTTTCACACTTAAACAGTTACAAAACACAAACACAACTAGAA

SEQ ID No. 21:

CTTCAGTAAGGATAACCGTGTTGGTGACGATCACAGCTATGATGTAATAGAAATTGCTAAGC
AATTGTGAGGTGTGATGTATTTTGCAGAGCAATTGTGCGGTACAACGGGGTGTTATTGTCTT
CACAAGGCATTTATTGCGAATTTCGTAGT TGAAAGAGATAACCGTGGATAACCGTGTGACCC
CTATTGTTGCTCGCTAAACCATGATTGCTAAATGATGACATAGCAATCACTTTACTAAGATT
GCTATAAGGACACCTTTCTTAGTATAAATGGACACTCTTTTCCCCTGCTAAACTTCTTTTAT
TTTTCACACTTAAACAGTTACAAAACACAAACACAACTAGAA

SEQ ID No. 22:

CTTCAGTAAGAGAAGGAAGCTTGGTGACGATCACAGCTATGATGTAATAGAAATTGCTAAGC
AATTGTGAGGTGTGATGTATTTTGCAGAGCAATTGTGCGGTACAACGGGGTGTTATTGTCTT
CACAAGGCATTTATTGCGAATTTCGTAGTTGAAAGAATATTTTAGCACAGGGTAAATGACCC
CTATTGTTGCTCGCTAAACCATGATTGCTAAATGATGACATAGCAATCAAATTACTAAGATT
GCTATAAGGACACCTTTCTTAGTATAAATGGACACTCTTTTCCCCTGCTAAACTTCTTTTAT
TTTTCACACTTAAACAGTTACAAAACACAAACACAACTAAAA

SEQ ID No. 23:

CTTCAGTAAGAGAAGGAAGCTTGGTGACGATCACAGAAATGATGTAATAGAAATTGCTAAGC
AATTGTGAGGTGTGATGTATTTTGCAGAGCAATTGTGCGGAAAAACAAAGTGTTATTGTCTT
CACAAGGCATTTATTGCGAATTTCGTAGTTGAAAGAATATTTTAGCACAGGGTAAATGACCC
CTATTGTTGCTCGCTAAACCATGATTGCTAAATGATGACATAGCAATCAAATTACTAAGATT
GCTATAAGGACACCTTTCTTAGTATAAATGGACACTCTTTTCCCCTGCTAAACTTCTTTTAT
TTTTCACACTTAAACAGTTACAAAACACAAACACAACTARAAA

SEQ ID No. 24:

CTTCAGTAAGAGAAGGAAGCTTGGTGACGATCACAGCTATGATGTAATAGAAATTGCTAAGC
AATTGTGAGGTGTGATGTATTTTGCAGAGCAATTGTGCGGTACAACGGGGTGTTATTGTCTT
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CACAAGGCATTTATTGCGAATTTCGTAGT TGAAAGAGATAACCGTGGATAACCGTGTGACCC
CTATTGTTGCTCGCTAAACCATGATTGCTAAATGATGACATAGCAATCAAATTACTAAGATT
GCTATAAGGACACCTTTCTTAGTATAAATGGACACTCTTTTCCCCTGCTAAACTTCTTTTAT
TTTTCACACTTAAACAGTTACAAAACACAAACACAACTAAAA

According to another preferred embodiment of the present
invention these promoter variant comprises or consists of a
nucleic acid sequence selected from the group of SEQ ID No.
34, SEQ ID No. 35, SEQ ID No. 36, SEQ ID No. 37, SEQ ID No.
38, SEQ ID No. 39, SEQ ID No. 40, SEQ ID No. 41 and SEQ ID No.
42, wherein SEQ ID No. 34, SEQ ID No. 35, SEQ ID No. 36 and
SEQ ID No. 37 are most preferred. These promoters are prefera-
bly used in fungal cells (other than yeast cells) to control
the expression of homologous and/or heterologous proteins
and/or peptides. In particular, the promoter variants compris-
ing or consisting of nucleic acid sequence SEQ ID No. 34 and
SEQ ID No. 35 turned out to be capable to increase several
folds the expression of proteins/peptides operably linked
thereto.

SEQ ID No. 34:

CCGAGTGTACTCCGTAAGGAGGGTTGGTCTCATGCCTCTTGGCGGGAGCCGCCCGATAACTA
GTATAACTAGTTGTAACTCCGTATCCGGTTACGGAAACGGAAAGGCCCGCTCGGCTGTTCTC
CGGCGGCTCCCCGATCGCTGATCAGAGCATGGAACAGATGTCAATTACATCACTCCCGCGTA
AACGAACCATAGTTATCGAACCACAGTTATCGAACCACAGAGCCAGCCCATGGGAACGTCTG
AACAGCTCGGAGGATGCAACCGATATTGCAATGCAAAACGTCACCCATGCTACAATTAATTC
CCTGCACAACTACTTGTAAGCCGCGAGGCCTAGAACACAGTTGCAGAACCTGGGTATCGTGC
CTGTGGTCTGATGCAGATATGTGTCACCACTCAAGACCCCGCCAACACGCCGCTTCGAGGCC
CTGAACAGTACAAAGGGCGCTTCAAAGATAACCGTGCCCCCCCGAGGCCGTTTTCAAGTCTT
TGTATGACCATCTATTTTCCGATTGACGTCCCTCACGGATTCTCTTTCGTTGCTGACCTCCT
TGTGACCACAAACATCGCCAACAACAGAC

SEQ ID No. 35:
GATAACCGTGTCCGTAAGGAGGGTTGGTCTCATGCCTCTTGGCGGGAGCCGCCCGATAACTA

GTATAACTAGTTGTAACTCCGTATCCGGTTACGGAAACGGAAAGGCCCGCTCGGCTGTTCTC
CGGCGGCTCCCCGATCGCTGATCAGAGCATGGAACAGATGTCAATTACATCACTCCCGCGTA
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AACGAACCATAGTTATCGAACCACAGTTATCGAACCACAGAGCCAGCCCATGGGAACGTCTG
AACAGCTCGGAGGATGCAACCGATATTGCAATGCAAAACGTCACCCATGCTACAATTAATTC
CCTGCACAACTACTTGTAAGCCGCGAGGCCTAGAACACAGTTGCAGAACCTGGGTATCGTGC
CTGTGGTCTGATGCAGATATGTGTCACCACTCAAGACCCCGCCAACACGCCGCTTCGAGGCC
CTGAACAGTACAAAGGGCGCTTCAAATTCGTACAAGCCCCCCCGAGGCCGTTTTCAAGTCTT
TGTATGACCATCTATTTTCCGATTGACGTCCCTCACGGATTCTCTTTCGTTGCTGACCTCCT
TGTGACCACAAACATCGCCAACAACAGAC

SEQ ID No. 36:

CCGAGTGTACTCCGTAAGGAGATAACCGTGCATGCCTCTTGGCGGGAGCCGCCCGATAACTA
GTATAACTAGTTGTAACTCCGTATCCGGTTACGGAAACGGAAAGGCCCGCTCGGCTGTTCTC
CGGCGGCTCCCCGATCGCTGATCAGAGCATGGAACAGATGTCAATTACATCACTCCCGCGTA
AACGAACCATAGTTATCGAACCACAGTTATCGAACCACAGAGCCAGCCCATGGGAACGTCTG
AACAGCTCGGAGGATGCAACCGATATTGCAATGCAARACGTCACCCATGCTACAATTAATTC
CCTGCACAACTACTTGTAAGCCGCGAGGCCTAGAACACAGTTGCAGAACCTGGGTATCGTGC
CTGTGGTCTGATGCAGATATGTGTCACCACTCAAGACCCCGCCAACACGCCGCTTCGAGGCC
CTGAACAGTACAAAGGGCGCTTCAAATTCGTACAAGCCCCCCCGAGGCCGTTTTCAAGTCTT
TGTATGACCATCTATTTTCCGATTGACGTCCCTCACGGATTCTCTTTCGTTGCTGACCTCCT
TGTGACCACAAACATCGCCAACAACAGAC

SEQ ID No. 37:

CCGAGTGTACTCCGTAAGGAGGGTTGGTCTCATGCCTCTTGGCGGGAGCCGCCCGATAACTA
GTATAACTAGTTGTAACTCCGTATCCGGTTACGGAAACGGAAAGGCCCGCTCGGCTGTTCTC
CGGCGGCTCCCCGATCGATAACCGTGGCATGGAACAGATGTCAATTACATCACTCCCGCGTA
AACGAACCATAGTTATCGAACCACAGTTATCGAACCACAGAGCCAGCCCATGGGAACGTCTG
AACAGCTCGGAGGATGCAACCGATATTGCAATGCAAAACGTCACCCATGCTACAATTAATTC
CCTGCACAACTACTTGTAAGCCGCGAGGCCTAGAACACAGTTGCAGAACCTGGGTATCGTGC
CTGTGGTCTGATGCAGATATGTGTCACCACTCAAGACCCCGCCAACACGCCGCTTCGAGGCC
CTGAACAGTACAAAGGGCGCTTCAAATTCGTACAAGCCCCCCCGAGGCCGTTTTCAAGTCTT
TGTATGACCATCTATTTTCCGATTGACGTCCCTCACGGATTCTCTTTCGTTGCTGACCTCCT
TGTGACCACAAACATCGCCAACAACAGAC

SEQ ID No. 38:

CCGAGTGTACTCCGTAAGGAGGGTTGGTCTCATGCCTCTTGGCGGGAGCCGCCCGATAACTA
GTATAACTAGTTGTAACTCCGTATCCGGTTACGGAAACGGAAAGGCCCGCTCGGCTGTTCTC
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CGGCGGCTCCCCGATCGCTGATCAGAGCATGGAACAGATGTCAATTACATCACTCCCGCGTA
AACGAACCATAGTTATCGAACCACAGTTATCGAACCACAGAGCCAGCCCATGGGAACGTCTG
AACAGCTCGGAGGATGCAACCGATATTGCAATGATAACCGTGACCCATGCTACAATTAATTC
CCTGCACAACTACTTGTAAGCCGCGAGGCCTAGAACACAGTTGCAGAACCTGGGTATCGTGC
CTGTGGTCTGATGCAGATATGTGTCACCACTCAAGACCCCGCCAACACGCCGCTTCGAGGCC
CTGAACAGTACAAAGGGCGCTTCAAATTCGTACAAGCCCCCCCGAGGCCGTTTTCAAGTCTT
TGTATGACCATCTATTTTCCGATTGACGTCCCTCACGGATTCTCTTTCGTTGCTGACCTCCT
TGTGACCACAAACATCGCCAACAACAGAC

SEQ ID No. 39:

CCGAGTGTACTCCGTAAGGAGGGTTGGTCTCATGCCTCTTGGCGGGAGCCGCCCGATAACTA
GTATAACTAGTTGTAACTCCGTATCCGGTTACGGAAACGGAAAGGCCCGCTCGGCTGTTCTC
CGGCGGCTCCCCGATCGCTGATCAGAGCATGGAACAGATGTCAATTACATCACTCCCGCGTA
AACGAACCATAGTTATCGAACCACAGTTATCGAACCACAGAGCCAGCCCATGGGAACGTCTG
AACAGCTCGGAGGATGCAACCGATATTGCAATGCAARACGTCACCCATGCTACAATTAATTC
CCTGCACAACTACTTGTAAGCCGCGAGGCCTAGAACACAGTTGCAGAACCGATAACCGTGGC
CTGTGGTCTGATGCAGATATGTGTCACCACTCAAGACCCCGCCAACACGCCGCTTCGAGGCC
CTGAACAGTACAAAGGGCGCTTCAAATTCGTACAAGCCCCCCCGAGGCCGTTTTCAAGTCTT
TGTATGACCATCTATTTTCCGATTGACGTCCCTCACGGATTCTCTTTCGTTGCTGACCTCCT
TGTGACCACAAACATCGCCAACAACAGAC

SEQ ID No. 40:

CCGAGTGTACTCCGTAAGGAGGGTTGGTCTCATGCCTCTTGGCGGGAGCCGCCCGATAACTA
GTATAACTAGTTGTAACTCCGTATCCGGTTACGGAAACGGAAAGGCCCGCTCGGCTGTTCTC
CGGCGGCTCCCCGATCGCTGATCAGAGCATGGAACAGATGTCAATTACATCACTCCCGCGTA
AACGAACCATAGTTATCGAACCACAGTTATCGAACCACAGAGCCAGCCCATGGGAACGTCTG
AACAGCTCGGAGGATGCAACCGATATTGCAATGCAAAACGTCACCCATGCTAGATAACCGTG
CCTGCACAACTACTTGTAAGCCGCGAGGCCTAGAACACAGTTGCAGAACCTGGGTATCGTGC
CTGTGGTCTGATGCAGATATGTGTCACCACTCAAGACCCCGCCAACACGCCGCTTCGAGGCC
CTGAACAGTACAAAGGGCGCTTCAAATTCGTACAAGCCCCCCCGAGGCCGTTTTCAAGTCTT
TGTATGACCATCTATTTTCCGATTGACGTCCCTCACGGATTCTCTTTCGTTGCTGACCTCCT
TGTGACCACAAACATCGCCAACAACAGAC

SEQ ID No. 41:
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CCGAGTGTACTCCGTAAGGAGGGTTGGTCTCATGCCTCTTGGCGGGAGCCGCCCGATAACGA
TAACCGTGAGTTGTAACTCCGTATCCGGTTACGGAAACGGAAAGGCCCGCTCGGCTGTTCTC
CGGCGGCTCCCCGATCGCTGATCAGAGCATGGAACAGATGTCAATTACATCACTCCCGCGTA
AACGAACCATAGTTATCGAACCACAGTTATCGAACCACAGAGCCAGCCCATGGGAACGTCTG
AACAGCTCGGAGGATGCAACCGATATTGCAATGCAAAACGTCACCCATGCTACAATTAATTC
CCTGCACAACTACTTGTAAGCCGCGAGGCCTAGAACACAGTTGCAGAACCTGGGTATCGTGC
CTGTGGTCTGATGCAGATATGTGTCACCACTCAAGACCCCGCCAACACGCCGCTTCGAGGCC
CTGAACAGTACAAAGGGCGCTTCAAATTCGTACAAGCCCCCCCGAGGCCGTTTTCAAGTCTT
TGTATGACCATCTATTTTCCGATTGACGTCCCTCACGGATTCTCTTTCGTTGCTGACCTCCT
TGTGACCACAAACATCGCCAACAACAGAC

SEQ ID No. 42:

CCGAGTGTACTCCGTAAGGAGGGTTGGTCTCATGCCTCTTGGCGGGAGCCGCCCGA-
TAACTAGTATAACTAGTTGTAACTCCGTATCCGGTTACGGAAACGGAAAGGCCCGCTCGGCT
GTTCTCCGGCGGCTCCCCGATCGCTGATCAGAGCATGGAACAGATGTCAATTACATCAC-
TCCCGCGTAAACGAACCATAGTTATCGAACCACAGTTATCGAACCACAGAGCCAGCCCATGG
GAACGTCTGAACAGCTCGGAGGATGCAACCGATATTGCAATGCAARACGTCACCCATGC-
TACAATTAATTCCCTGCACAACTACTTGTAAGCCGCGAGGCCTAGAACACAGTTGCAGAACC
TGGGTATCGTGCCTGTGGTCTGATGCAGATATGTGTCACCACTCAAGACCCCGCCAACALC-
GCCGCTTCGAGGCCCTGAACAGTACAAAGGGCGCTTCAAATTCGTACAAGCCCCCCCGAGGC
CGTTTTCAAGTCTTTGTATGACCATCTATTTTCCGATTGACGTCCCTCACGGAT -
TCTCTTTCGTTGCTGACCTCCTTGGATAACCGTGCATCGCCAACAACAGAC

The present invention further relates to a nucleic acid
molecule or vector comprising a promoter variant according to
the invention.

The nucleic acid molecule of the present invention may be
operably linked to a nucleic acid sequence encoding for a pol-
ypeptide or protein. These nucleic acid molecules or the pro-
moter variants of the present invention may be part of a vec-
tor, including plasmids, cosmids or Yeast Artificial Chromo-
somes (YACs) and modified viruses or virus particles.

These nucleic acid molecules and in particular these vec-
tors may comprise further elements required for protein ex-
pression or replication within a host cell. Such elements are
well known to a person skilled in the art.

According to an especially preferred embodiment of the

present invention the promoter variant of the present
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invention 1is operably linked to a nucleic acid sequence encod-
ing for a polypeptide or protein.

The present invention further relates to a host cell com-
prising a nucleic acid molecule or promoter variant according
to the invention.

The nucleic acid molecule and/or the promoter of the pre-
sent invention may be comprised within a host cell. The host
cell can be used as a carrier for said nucleic acid and/or the
promoter or can be functionally active therein. If the nucleic
acid molecule and/or the promoter of the present invention is
functionally active, the host cell can be used to express a
protein or polypeptide of interest under the control of the
promoter of the present invention.

According to a particularly preferred embodiment of the
present invention the host cell is a fungal cell, preferably
from the phylum Ascomycota, more preferably from the genus Ko-
magataella or Myceliophthora, more preferably a Komagataella
phaffii or Myceliophthora thermophila cell, even more prefera-
bly Myceliophthora thermophila Cl.

The present invention further relates to a method for pro-
ducing a polypeptide or protein of interest comprising the
step of cultivating a host cell according to the invention.
Methods for cultivating cells and for activating the promoter
variants of the present invention to overexpress proteins and
polypeptides are well known to a person skilled in the art and
depend on the modified promoter.

The present invention is further illustrated by the fol-

lowing examples without being restricted thereto.

EXAMPLES

In examples 1 to 4, two promoters, namely catalase pro-
moter PCTAl (SEQ ID No. 3) of K. phaffii and heat shock pro-
tein 12 promoter PDH (SEQ ID No. 4), have been modified using
the method of the present invention to identify promoter vari-
ants showing a higher expression rate or product titer than

the wild-type promoters (“original promoters”).
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The promoter sequences have been modified by means of in-
sertion, substitution, or deletion. The respective type and

position of modification is indicated.

Example 1: Influence of a single mutation on expression
under de-repressed conditions

Promoter PCTAI

The whole promoter sequence was systematically scanned us-
ing two different 10 bp long “neutral” sequences termed A (5'-
ATCCTTTTAG-3’; SEQ ID No. 1) and B (5’ -GATAACCGTG-3’; SEQ ID
No. 2). By systematically exchanging every ten base pairs
against these two A and B sequences overall 100 so called
“scanning variants”, named 1A/B to 50A/B with the numbering
starting at the 5°end of the promoter, were generated.

In order to evaluate the promoter strength of the scanning
variants the promoter and promoter variants have been operably
linked to a nucleic acid sequence encoding for the enhanced
green fluorescent protein (eGFP) (GenBank Acc. No. ADL66923)
(Vogl et al. ACS Synth. Biol. 5(2016):172-186) . The promoter
activity was determined as relative fluorescence unit (RFU)
normalized to cell density (ODeoo) at different timepoints in
the cultivation either upon carbon source depletion (indicated
as de-repressed) or after methanol induction (indicated as in-
duced). The RFU was then set in relation to the respective
value of the original (i.e. unmodified) promoter sequence.
Cultivations were done in microscale using 96-well cultivation
plates. For transformations 1 pg Smal linearized DNA was used
for transformation of electrocompetent CBS7435 Aku70 cells and
following initial selection on YPDzeo, single colonies were
used for inoculation of microscale cultures.

Following Weis et al. (FEMS Yeast Res 5(2004):179-89) cul-
tivations with yeast cells comprising promoter PCTAl and
(scanning) wvariants thereof were done in buffered minimal me-
dia using 1% glucose as carbon source at 28°C, 320 rpm for
60h, followed by methanol induction to 0.5% MeOH for 38h.

Cultivations with yeast cells comprising promoter PDH and

(scanning) variants thereof were done in buffered minimal
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media using 1% glycerol as carbon source at 28°C, 320 rpm for
48h, followed by glycerol pulsing to 0.25% for 96h.

In the following tables the de-repressed and induced ac-
tivities of the wvariants given by the RFU normalized to ODsoo
in relation to RFU obtained by using the original promoter se-
quences are listed.

Table 1: Original promoter sequence was SEQ ID No. 3 [PCTAl]

SEQ ID Position | Sequence in- |[NA dere- | NA dere- |[NA in-

No. substitu- | serted by pressed |pressed duced
tion substitution |48h 60h 98h

5 [1A] 1-10 ATCCTTTTAG 1.48 1.48 1.15

6 [14B] 131-140 GATAACCGTG 1.65 1.69 1.28

7 [26B] 251-260 GATAACCGTG 1.63 1.8 1.24

8 [38B] 371-380 GATAACCGTG 1.08 1.42

25 401-410 GATAACCGTG 0.85 1.42

[41B]

9 [48B] 471-480 GATAACCGTG 1.06 1.31

SEQ ID No. 25:

TAATCGAACTCCGAATGCGGTTCTCCTGTAACCTTAATTGTAGCATAGATCACTTAAATARAA
CTCATGGCCTGACATCTGTACACGTTCTTATTGGTCTTTTAGCAATCTTGAAGTCTTTCTAT
TGTTCCGGTCGGCATTACCTAATAAATTCGAATCGAGATTGCTAGTACCTGATATCATATGA
AGTAATCATCACATGCAAGTTCCATGATACCCTCTACTAATGGAATTGAACAAAGTTTAAGC
TTCTCGCACGAGACCGAATCCATACTATGCACCCCTCAAAGTTGGGATTAGTCAGGAAAGCT
GAGCAATTAACTTCCCTCGATTGGCCTGGACTTTTCGCTTAGCCTGCCGCAATCGGTAAGTT
TCATTATCCCAGCGGGGTGATAGCCTCTGATAACCGTGAGGCCAAAATCATATATAAGCTGT
AGACCCAGCACTTCAATTACTTGAAATTCACCATAACACTTGCTCTAGTCAAGACTTACAAT
TAAA

Table 1 clearly shows that substitution variants according
to the invention have a higher promoter activity than the
original Komagataella phaffii PCTAl promoter. From the meas-
urements can also be recognised that the modifications within
the preferred regions according to the invention lead to an
even higher promoter activity than those outside these re-

gions. Changes under derepressed conditions are higher than
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under induced conditions. In addition to these substitution
variants the PCTAl promoter has also been modified by deleting
putative TFBS. For these variants changes in activity were not
as pronounced as for the “scanning variants”, as most of them
showed fluorescence levels within 20% of the parental pro-
moter. Only three variants reached higher wvalues of around
140%-180% compared to the parental PCTAl under derepressed and
induced conditions, respectively. Following variants could be
used for a combinatory approach together with “scanning vari-
ants”: #1, #4 and #53* (see Table 2).

Table 2: Deletion variants of PCTAl (SEQ ID No. 3)

SEQ ID Start-End De-repressed Induced
No. deletion Activity/PCTAL | Activity/PCTAl
26 [#1] 2-16 1.38 1.36
27 [#4] 28-40 0.99 1.05
28 [#53*] 448-468 1.57 1.12
29 89-101, 1.08 1.20
[MM13b] 137-138,
162, 176

53* contains an additional randomly introduced A to T exchange
at position 408.

SEQ ID No. 26:

TGCGGTTCTCCTGTAACCTTAATTGTAGCATAGATCACTTAAATAAACTCATGGCCTGACAT
CTGTACACGTTCTTATTGGTCTTTTAGCAATCTTGAAGTCTTTCTATTGTTCCGGTCGGCAT
TACCTAATAAATTCGAATCGAGATTGCTAGTACCTGATATCATATGAAGTAATCATCACATG
CAAGTTCCATGATACCCTCTACTAATGGAATTGAACAAAGTTTAAGCTTCTCGCACGAGACC
GAATCCATACTATGCACCCCTCAAAGTTGGGATTAGTCAGGAAAGCTGAGCAATTAACTTCC
CTCGATTGGCCTGGACTTTTCGCTTAGCCTGCCGCAATCGGTAAGTTTCATTATCCCAGCGG
GGTGATAGCCTCTGTTGCTCATCAGGCCAAAATCATATATAAGCTGTAGACCCAGCACTTCA
ATTACTTGAAATTCACCATAACACTTGCTCTAGTCAAGACTTACAATTAAA

SEQ ID No. 27:

TAATCGAACTCCGAATGCGGTTCTCCTTAGCATAGATCACTTAAATAAACTCATGGCCTGAC
ATCTGTACACGTTCTTATTGGTCTTTTAGCAATCTTGAAGTCTTTCTATTGTTCCGGTCGGC
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ATTACCTAATAAATTCGAATCGAGATTGCTAGTACCTGATATCATATGAAGTAATCATCACA
TGCAAGTTCCATGATACCCTCTACTAATGGAATTGAACAAAGTTTAAGCTTCTCGCACGAGA
CCGAATCCATACTATGCACCCCTCAAAGTTGGGATTAGTCAGGAAAGCTGAGCAATTAACTT
CCCTCGATTGGCCTGGACTTTTCGCTTAGCCTGCCGCAATCGGTAAGTTTCATTATCCCAGC
GGGGTGATAGCCTCTGTTGCTCATCAGGCCAARAATCATATATAAGCTGTAGACCCAGCACTT
CAATTACTTGAAATTCACCATAACACTTGCTCTAGTCAAGACTTACAATTAAA

SEQ ID No. 28:

TAATCGAACTCCGAATGCGGTTCTCCTGTAACCTTAATTGTAGCATAGATCACTTAAATARAA
CTCATGGCCTGACATCTGTACACGTTCTTATTGGTCTTTTAGCAATCTTGAAGTCTTTCTAT
TGTTCCGGTCGGCATTACCTAATAAATTCGAATCGAGATTGCTAGTACCTGATATCATATGA
AGTAATCATCACATGCAAGTTCCATGATACCCTCTACTAATGGAATTGAACAAAGTTTAAGC
TTCTCGCACGAGACCGAATCCATACTATGCACCCCTCARAAGTTGGGATTAGTCAGGAAAGCT
GAGCAATTAACTTCCCTCGATTGGCCTGGACTTTTCGCTTAGCCTGCCGCAATCGGTAAGTT
TCATTATCCCAGCGGGGTGATAGCCTCTGTTGCTCTTCAGGCCAAAATCATATATAAGCTGT
AGACCCAGCACTTAACACTTGCTCTAGTCAAGACTTACAATTAAA

SEQ ID No. 29:

TAATCGAACTCCGAATGCGGTTCTCCTGTAACCTTAATTGTAGCATAGATCACTTAAATAAA
CTCATGGCCTGACATCTGTACACGTTTAGCAATCTTGAAGTCTTTCTATTGTTCCGGTCGGT
TACCTAATAAATTCGAATCGAGTTGCTAGTACCTGTATCATATGAAGTAATCATCACATGCA
AGTTCCATGATACCCTCTACTAATGGAATTGAACAAAGTTTAAGCTTCTCGCACGAGACCGA
ATCCATACTATGCACCCCTCAAAGTTGGGATTAGTCAGGAAAGCTGAGCAATTAACTTCCCT
CGATTGGCCTGGACTTTTCGCTTAGCCTGCCGCAATCGGTAAGTTTCATTATCCCAGCGGGG
TGATAGCCTCTIGTTGCTCATCAGGCCAAAATCATATATAAGCTGTAGACCCAGCACTTCAAT
TACTTGAAATTCACCATAACACTTGCTCTAGTCAAGACTTACAATTAAA

The results obtained by screening substitution variants

using HSP12 promoter PDH are shown in Table 3.

Table 3: Original promoter sequence is SEQ ID No. 4 [PDH]

SEQ ID Start-End Sequence NA dere- NA NA
No. substitu- inserted pressed dere- dere-
tion by substi- | 48h pressed |pressed
tution 72h 96h
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18 161-170 GATAACCGTG | 1.5 1.87 1.4
[V17]

19 171-180 GATAACCGTG | 1.4 1.48 1.43
[V18]

30 [V5] | 41-50 GATAACCGTG | 1.01 1.02 1.03
31 178-180 ARARA 1.4 1.1 1.1
[A60]

16 [Vv2] |11-20 GATAACCGTG | 1.3 n.d. 1.1
17 121-130 GATAACCGTG | 1.2 n.d. 1.3
[V13]

SEQ ID No. 30:

CTTCAGTAAGAGAAGGAAGCTTGGTGACGATCACAGCTATGATAACCGTGAAATTGCTAAGC
AATTGTGAGGTGTGATGTATTTTGCAGAGCAATTGTGCGGTACAACGGGGTGTTATTGTCTT
CACAAGGCATTTATTGCGAATTTCGTAGTTGAAAGAATATTTTAGCACAGGGTGCTTGACCC
CTATTGTTGCTCGCTAAACCATGATTGCTAAATGATGACATAGCAATCACTTTACTAAGATT
GCTATAAGGACACCTTTCTTAGTATAAATGGACACTCTTTTCCCCTGCTARAACTTCTTTTAT
TTTTCACACTTAAACAGTTACAAAACACAAACACAACTAGAA

SEQ ID No. 31:

CTTCAGTAAGAGAAGGAAGCTTGGTGACGATCACAGCTATGATGTAATAGAAATTGCTAAGC
AATTGTGAGGTGTGATGTATTTTGCAGAGCAATTGTGCGGTACAACGGGGTGTTATTGTCTT
CACAAGGCATTTATTGCGAATTTCGTAGTTGAAAGAATATTTTAGCACAGGGTAAATGACCC
CTATTGTTGCTCGCTAAACCATGATTGCTAAATGATGACATAGCAATCACTTTACTAAGATT
GCTATAAGGACACCTTTCTTAGTATAAATGGACACTCTTTTCCCCTGCTAAACTTCTTTTAT
TTTTCACACTTAAACAGTTACAAAACACAAACACAACTAGAA

From Table 3 it can be seen that also the single mutation
variants according to the invention using the SED ID No. 4
[PDH] lead to a higher promoter activity than the original
promoter sequence. Again, a higher activity can be achieved

when the mutation is carried out within the preferred region.

Example 2: Influence of multiple mutations on expression under

de-repressed conditions
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Multiple mutation variants were produced as described
above. The cultivations using the catalase promoter SEQ ID No.
3 [PCTAl] were done using 1% glucose as carbon source at 28°C,
320 rpm for 60 hours for the double and triple mutation vari-
ants and using 0.5% glucose as carbon source at 28°C, 320 rpm
for 60 hours, for the quadruple and sextuple mutation vari-
ants.

The cultivations using the heat shock protein promoter SEQ
ID No. 4 [PDH] were done using 1% glycerol as carbon source at
28°C, 320 rpm for 48 hours, followed by glycerol pulsing to
0.25% for 94h.

The activities of the variants given by the RFU normalized
to ODeoo 1n relation to the original promoter sequence are

given in the following tables.

Table 4: Original promoter sequence is SEQ ID No. 3 [PCTA1l]

SEQ ID Start-End Sequence NA dere- | NA dere- [NA in-
No. substitution | inserted by | pressed pressed duced
substitu- 48h 60h 98h
tion

10 131-140 GATAACCGTG 3.05 3.10 1.49
[14B,26B, | 251-260 GATAACCGTG
41B] 401-410 GATAACCGTG
14 1-10 ATCCTTTTAG 3.01 3.95 1.85
[1A,14B,2 | 131-140 GATAACCGTG
6B, 48B] 251-260 GATAACCGTG

471-480 GATAACCGTG
15 1-10 ATCCTTTTAG 3.35 3.5 2.5
[1A,14B,2 | 131-140 GATAACCGTG
6B, 38B,41 | 251-260 GATAACCGTG
B, 48B] 371-380 GATAACCGTG

401-410 GATAACCGTG

471-480 GATAACCGTG
11 131-140 GATAACCGTG 2.5 2.6 1.7
[14B,26B, | 251-260 GATAACCGTG
48B] 471-480 GATAACCGTG
12 1-10 ATCCTTTTAG 2.9 2.7 1.6
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[1A,14B,2 | 131-140 GATAACCGTG
6B] 251-260 GATAACCGTG
13 1-10 ATCCTTTTAG | 3.0 3.01 2.00
[1A,14B,2 | 131-140 GATAACCGTG
6B, 38B] 251-260 GATAACCGTG

371-380 GATAACCGTG
32 371-380 GATAACCGTG | 1.05 1.01 1.9
[38B, 41B, | 401-410 GATAACCGTG
48B] 471-480 GATAACCGTG

SEQ ID No. 32:

TAATCGAACTCCGAATGCGGTTCTCCTGTAACCTTAATTGTAGCATAGATCACTTAAATARAA
CTCATGGCCTGACATCTGTACACGTTCTTATTGGTCTTTTAGCAATCTTGAAGTCTTTCTAT
TGTTCCGGTCGGCATTACCTAATAAATTCGAATCGAGATTGCTAGTACCTGATATCATATGA
AGTAATCATCACATGCAAGTTCCATGATACCCTCTACTAATGGAATTGAACAAAGTTTAAGC
TTCTCGCACGAGACCGAATCCATACTATGCACCCCTCAAAGTTGGGATTAGTCAGGAAAGCT
GAGCAATTAACTTCCCTCGATTGGCCTGGACTTTTCGCTTAGCCTGCCGCAATCGGTAAGGA
TAACCGTGCCAGCGGGGTGATAGCCTCTGATAACCGTGAGGCCAAAATCATATATAAGCTGT
AGACCCAGCACTTCAATTACTTGAAATTCACCATAAGATAACCGTGAGTCAAGACTTACAAT
TAAA

Table 4 shows that multiple mutation variants have a
higher promoter activity than the original promoter. Gener-
ally, multiple mutation lead to a higher expression than sin-
gle mutation. As for single mutation variants, the changes in

eGFP expression are greater under derepressed conditions.

Table 5: Original promoter sequence is SEQ ID No. 4 [PDH]

SEQ ID Start-End Sequence NA dere- |NA dere- |NA dere-
No. substitu- inserted by | pressed pressed pressed

tion substitu- 46h 70h 94h

tion

20 161-170 GATAACCGTG 1.3 1.35 1.12
[V17,Vv18] | 171-180 GATAACCGTG
21 11-20 GATAACCGTG 1.51 1.6 1.4
[V2,V17,V | 161-170 GATAACCGTG
18] 171-180 GATAACCGTG
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24 235-237 ARAR 2.1 2.3 1.98
[A79,A117 | 349-351 AARA
,V17,V18] | 161-170 GATAACCGTG

171-180 GATAACCGTG
22 [A60, 178-180 ARR 2.3 2.7 2.35
AT9, 235-237 ARA
All7] 349-351 AAA
23 [Al3, 37-39 ARR 2.3 2.7 2.4
A35, A37, | 103-105 ARRA
A60, AT9, |109-111 AARA
Al1l7 178-180 ARAA

235-237 ARAR

349-351 ARA

From Table 5 it can be deduced that multiple mutations ac-
cording to the invention lead to an even higher expres-
sion/promoter activity than the original promoter. Multiple
mutation increases the activity further than single mutation.
Especially under derepressed conditions a change in expression
activity can be observed. When modifying the promoter sequence
multiple times at the particularly preferred positions even
higher expression activities can be achieved.

Further experiments were carried out to analyse the ex-
pression activity, using the lipase of Candida antarctica
(CalB), the human growth hormone (HGH) or peroxygenase as se-
creted model proteins. The results are consistent with those
of the experiments carried out with eGFP, so that for those

proteins similar expression activities were found.

Example 3: Scaleup of promoter variants with secreted model

protein CalB

The performance of two promoter variants from example 2
was evaluated in medium scale cultivations using shake flasks.
The tested promoter variants had SEQ ID No. 12 [1A,14B,26RB]
and SEQ ID No. 11 [14B,26B,48B]. In the following SEQ ID No.
12 [1A,14B,26B] is named #19 and SEQ ID No. 11 [14R,26B, 48R]
#26. As controls the parental Komagataella phaffii catalase
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promoter and a negative control were included. Representative
for each promoter one average performing strain has been se-
lected.

The cultivations were conducted in two manners, one time
with BMD 0.5% and methanol induction and one time with BMG
0.5% and glycerol feeding discs to establish a derepressed
state. Cultivations were done in biological duplicates and
samples are taken after 4, 17, 24, 42 and 65 hours. The pro-
cess was monitored online using the SFR vario system (PreSens
Precision Sensing GmbH, Regensburg, Germany) so that methanol
induction and the addition of feed discs can be done upon de-
pletion of initial carbon source after 20 hours. For each
timepoint enzyme activity was set in relation to the respec-
tive value of the parental promoter.

Only supernatants of sampling points 24 hours and onward
showed lipase activity, before no lipase activity could be de-
termined.

In the following table the activity measurements are
listed. Volumetric units are normalized to the wildtype and

plotted against the wvariants.

Time [h] | NA dere- NA dere- NA induced NA induced
pressed #19 |pressed #26 #19 #26

24 1.40 1.05 4.45 3.00

42 2.10 1.45 2.50 1.60

65 2.90 1.70 2.30 1.50

As can be seen from the above table both variants show

even better performance in medium scale cultivation than in

microscale cultivation under both cultivation conditions.

Example 4: Determination of expression level of a multiple mu-

tation variant using gPCR

The mutation variant #19 from example 3 was further char-

acterized for its expression level using gPCR
Biotechnol J 5(2010):413-20).

To do so,

(Abad S et al.

cell material was har-

vested at different timepoints of a shake flask cultivation
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(16, 20, 22, 44, 46 and 68 hours), lipase activity is deter-
mined and RNA is isolated and used for gPCR. By using the com-
parative AACT method the relative changes in gene expression
were calculated for the analysed P. pastoris reporter strains.
The outcome is presented as the fold change in gene expression
normalised to an internal reference gene (housekeeping gene)
and relative to an untreated control (calibrator). ACT1 was
used as house keeping gene to normalize target RNA input
amounts and as calibrator variant #19 after 16 hours was used.

Fig. 1 shows lipase activity (A) and fold changes in the
target gene (CalB) (B) for variant #19, the original promoter
and reference promoter PDF (Vogl et al. MB Expr
10(2020) :38) (HpFMD promoter fragment) with two different cul-
tivation strategies, namely MeOH induction and derepression by
glycerol feed beads.

Lipase activity measurements (11A) verify the previously
observed performance of the variant #19. Under methanol in-
duced conditions variant #19 showed higher activity than the
original and the PDF promoter. For prolonged de-repression us-
ing glycerol feed beads the variant #19 and the PDF performed
equally well.

Under derepressed conditions with glycerol variant #19
shows slightly higher amounts of RNA compared to PDF. The
overall highest fold change can be seen for variant #19 after
68h, implying that potentially even higher CalB activities
than determined after 68h could be reached in further experi-

ments.

Example 5: Promoter engineering using Myceliophthora thermoph-
ila ATCC42464

Filamentous fungi can be used as industrial protein pro-
duction hosts for heterologous and homologous protein produc-
tion. Myceliophthora thermophila is a thermophilic fungus,
which is often used for the production of thermostable en-
zymes. The high secretion rates of proteins, make it an inter-

esting expression host for biotechnological applications.
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Efficient protein expression depends on several factors
for example on regulatory sequences, like promoters, which
have a great impact on the expression levels. Therefore, pro-
moter engineering could be an effective tool to generate a
positive impact on gene expression levels and increase the
protein titres. For M. thermophila there are varying constitu-
tive promoters published and the promoter of the pyruvate de-
carboxylase-like gene, Pepc, (MYCTH 112121; Gene ID:11511210)
was chosen as a target for promoter engineering to identify
potential regulatory regions and create optimized promoter
variants.

Material & Methods

Cloning

29 varying promoter variants were synthesized and cloned
into a vector for M. thermophila. As a reporter the HspUPO
gene from Hypoxylon sp. EC38 was used (UPO: unspecific peroxy-
genase). The plasmid consists the codon optimized HspUPO gene
with an N-terminal fused signal peptide facilitating secre-
tion, the signal peptide of MYCTH 66729. All plasmids had the
ampicillin resistance gene (bla), for selection in Escherichia
coli and the hygromycin resistance gene (hph) for selection in
M. thermophila. The ampicillin resistance gene expression is
driven by the promoter P EM72 and the hph gene was under the
control of the elongation factor l-alpha promoter which origi-
nated from the M. thermophila genome. The HspUPO gene was un-
der the control of the different constitutive PDC promoter
variants. As a terminator for the HspUPO gene the terminator
of the PDC was used. As the terminator for the hph gene the
Cellobiohydrales II Terminator was used (MYCTH 51545). The
prlasmids were linearized and used for transformation using the
M. thermophila ATCC42464 wild-type strain.

Protoplast mediated transformation protocol

The protocol was adapted from Gruber et al. (Current Ge-
netics, Springer Verlag 71-76 (1990)). 108 spores were used for
inoculation into 50 mL Potato Dextrose medium and cultivated
at 50°C, shaked at 110 rpm over night to get mycelia. The next
day the approach was filtered through a layer of miracloth and

the mycelia was washed with cold solution A. For 1 g mycelia
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0.5 g lysing enzyme was added to 10 mL solution A, dissolved
and filter sterilized the lysing enzyme solution. The lysing
enzyme solution was added to the mycelia in a petri dish,
mixed well and incubated at 37°C for 1 — 5h. After 90 min - 5
h the efficiency of protoplast formation was checked in the
microscope. When there were enough protoplasts, the suspension
was pipetted using a cut tip to get rid of large mycelia de-
bris. The protoplasts were filtered through one layer of mira-
cloth into a 50 mL tube on ice and rinsed with cold Solution
A. After centrifugation for 10 min at 600 g at 4°C in a swing
out rotor, the supernatant was cautiously decanted and the
pelleted protoplasts were resuspended in 4 mL cold solution B.
The protoplasts were centrifuged again, the supernatant was
decanted and the protoplasts were resuspended in 600 pL of so-
lution B.
For the transformation the following components were com-—
bined in a 15 mL tube:
e 10 puL purified DNA fragment (must be linearized),
use about 1 - 10 pg DNA
e 200 uL protoplast suspension
e 50 uL PEG
It was gently mixed by tapping on the tube and incubate
it for 20 min on ice. Then 2 mL PEG were added and it was in-
cubated again for 5 min at room temperature. 4 mL solution B
were added. 2 mL of the solution were added to 10 mL prewarmed
overlay medium, shortly mixed by pipetting up and down and
poured onto bottom medium plate (145 mm); 3 plates were needed
for one transformation (3 times 2 mL of the solution combined
with 10 mL overlay medium).The plates were incubated at 37°C
for 4 - 5 days. The transformants were counted and transfered
to a small selection plate and grow it for 3 - 5 days until
sporulation at 37°C.
Single spore isolation
With a drop of spore solution a few spores from the trans-
formants were taken from the plate and spread out on MEX-Tri-
ton agar plates to get colonies from single spores. The plates
were incubated at 37°C for 2 days. Then a single colony was

cut out and transferred to a new small selection plate and
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grown again for 3 - 5 days until sporulation. These steps were
repeated three times then further analyses were started.

For 23 transformants per variant three rounds of single
spore isolation were performed and the variants with the high-
est activity (1, 3, 7, 15, 29, 31, 37, 47, 55, 57 and the PDC
original sequence) during the first cultivation were culti-
vated and the UPO activity was determined.

Cultivation in 24-well plates

For the cultivation in sterile 24-well plates 2.5 mL of
media per well were inoculated with 10° spores. The cultivation
took place at 40°C, 110 rpm for about 75h. At the end of the
cultivation the supernatant was taken and stored at -20°C. For
each variant about 23 transformants were analyzed.

Determination of the UPO activity — ABTS Assay

All activity assays were performed in 96-well crystal-
clear flat bottom Microplates with the supernatant already
spotted onto the plates. The assay solution was always freshly
prepared in 50 mL Falcon tubes and kept on ice. H202 was used
to start the reactions using a Picus electronic 8 channel 50-
1200 pL pipette. Immediately after applying the reaction mix-
ture, the plate was measured at room temperature. All plates
were orbital shaken for 30 s before the initial measurement.
The slope of the linear increase was used to calculate the
volumetric initial rate activity Vmean in milli absorption units
per mL (mAU/mL). A minimum of 6 datapoints in the linear range
of the reaction were used to calculate the initial rate activ-
ity (slope, mAU/min).

ABTS (2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic
acid) assay solution for approximately 96 reactions was
freshly prepared as follows: 1 mL 20x ABTS stock solution (16
mM) in sodium acetate buffer (50 mM, pH 4.5), 19 mL sodium
citrate buffer (0.2 M, pH = 4.5), 6 pL H202 (3% w/w). Then, 140
nL of ABTS solution was added to 15 pL culture supernatants.
The absorption was measured at 405 nm wavelength for 10 min.

Media

Solution A

0.1 M KH2PO4 and 1.2 M Sorbitol
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Dissolve 1.261 g KH2PO4 and 21.864 g Sorbitol in 100 mL
dH20; adjust to pH 5.6 (diluted KOH); autoclave, store at room
temperature

Solution B

50 mM CaClz-2H20, 1 M Sorbitol, 10 mM Tris HCl pH 7.5

Dissolve 0.735 g CaClz-2H20 and 18.22 g Sorbitol in 99 mL
dH20; add 1 mL 1 M Tris HCl pH 7.5; adjust to pH 7.5. (HC1);
autoclave, store at room temperature.

PEG

25% PEG, 50 mM CaClz-2H20, 10 mM Tris HC1l pH 7.5

Dissolve 12.5 g PEG and 0.368 g CaClz-2H20 in 40 mL dH20,
add 500 pL 1 M Tris HCl1l pH 7.5; fill up to 50 mL with dH20; au-
toclave, store at room temperature.

Bottom medium

3% Malt extract (MEX), 2% Agar-Agar, 1 M Sorbitol,
Hygromycin

Dissolve 30 g MEX, 20 g Agar-Agar, 180 g Sorbitol in 1 L
TAP water, autoclave, add selection reagent after autoclaving,
pour as thin as possible.

Overlay medium

3% Malt extract (MEX), 2% Agarose, 1 M Sorbitol, Hygromy-
cin

Dissolve 30 g MEX, 20 g Agarose, 182.2 g Sorbitol in 1 L
TAP water, autoclave, add selection reagent after autoclaving,
pour as thin as possible.

MEX agar plates

3% Malt extract (MEX), 2% Agar, Hygromycin

Dissolve 30 g MEX and 20 g Agar in 1 L TAP water; auto-
clave, afterwards add selectin reagent, pour.

MEX-Triton agar plates

3% Malt extract (MEX), 2% Agar,0.1% Triton X-100, Hygromy-
cin

Dissolve 30 g MEX and 20 g Agar and 1 g Triton X-100 in 1
L. TAP water, autoclave, afterwards add selection reagent,
pour.

Spore solution

0.8% NaCl, 0.05% Tween 80
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Dissolve 0.4 g NaCl in 50 mL dH,0, add 25 pL Tween 80,
filter sterilize, store at room temperature.

Promoter engineering approach

A sequence library of the Pspe was established using the
following 10 bp long sequence 5 - GATAACCGTG-3 . First the bps
1 - 10 were replaced by this sequence generating Variant 1
(V1), next the bp 21 - 30 were replaced by this sequencing to
receive Variant 3 (V3) and so on, for the whole promoter se-
quence, resulting in 29 different promoter variants.

The screening of the Pppe variants was done using an unspe-
cific peroxygenase, the HspUPO from Hypoxylon sp. EC38 as a
reporter. Promoter activity was determined by a colorimetric
assay with 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS) as a substrate. The original sequence of the Penc
was used as a benchmark and control to find improved promoter
sequences applying the mentioned method.

In total, two rounds of screenings were performed. In the
first screening five transformants per variant were cultivated
and the supernatant was taken for the enzyme activity assay.

On these transformants only one round of single spore isola-
tion (SSI) was performed.

In the second screening about 23 transformants per variant
were cultivated and analyzed. On these transformants three
rounds of single spore isolation were performed, in order to
minimize the possibility to use a combination of spores in-
stead of a single spore. In the second cultivation, the pro-
moter variants with an increased enzyme activity comparing to
the original Pppe sequence in the first round were screened.

First Screening — SSI1

The highest enzyme activities were determined for the var-
iants 7, 47, 37 and 1 where the expression is up to 2-fold
higher than the original promoter PDC.

Second Screening — SSI3

In the second screening the best 10 variants received from
the first screening were again cultivated and the ABTS activ-
ity was determined. About 23 transformants per variant were
cultivated after three rounds of single spore isolation. For

the variant 1 only five transformants were analysed because
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after two transformation rounds only these transformants pos-
sessed the ability to regrow on the selection medium.

The results from the second cultivation are shown in Fig-
ure 3. The highest enzyme activities reached the PDC variants
1 (SEQ ID No. 35) and 47 (SEQ ID No. 34) with a 3-fold in-
crease compared with the original PDC sequence (SEQ ID No.
33). The variants 3 (SEQ ID No. 36) and 15 (SEQ ID No. 37)
showed a 2-fold increase and the activity of the variants 31
(SEQ ID No. 40), 37 (SEQ ID No. 39) and 29 (SEQ ID No. 38) as
well as variants 7 (SEQ ID No. 41) and 57 (SEQ ID No. 42) were
increased compared to the original sequence.

The results indicate that some sequence variants of the
Pepc containing the sequence 5° GATAACCGTG 3 “seemed to have a
positive effect on promoter activity. These novel sequence
variants show similarly high or even 2 to 3-fold higher activ-

ities than the original PDC sequence.
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CLAIMS:

1. A method for modifying a promoter to obtain a promoter var-
iant comprising the steps of:
a. providing a promoter,
b. modifying the promoter
- Dby inserting at least one nucleic acid se-
quence selected from the group consisting of
GATAX1X2X3X4X5X6 (X7)m, ATCCTTTTAG (SEQ ID No. 1)
and AAA into the promoter and/or
- Dby substituting nucleotides of the promoter
sequence to introduce at least one nucleic
acid sequence selected from the group consist-
ing of GATAX1X2X3X4Xs5Xe (X7)m, ATCCTTTTAG (SEQ ID
No. 1) and AAA into the promoter,
wherein Xi, X2, X3, X4, X5, X5, and X7 are nucleotides inde-
pendently selected from the group consisting of A, C, G and

T, and wherein m is an integer between 0 and 10.

2. The method according to claim 1, wherein X: is A, Xz is C,

X3 1s C, X4 is G, X5 is T and X 1is G.

3. The method according to claim 1 or 2, wherein the at least
one nucleic acid sequence consists of GATAACCGTG (SEQ ID
No. 2).

4. The method according to any of claims 1 to 3, wherein the
promoter is a eukaryotic promoter, preferably a fungal pro-
moter, more preferably a yeast promoter, more preferably a
methylotrophic yeast promoter.

5. The method according to any of claims 1 to 4, wherein the
promoter comprises or consists of a nucleic acid sequence
having at least 80% identity, preferably at least 90% iden-
tity, more preferably at least 95% identity, to SEQ ID No.
3, SEQ ID No. 4 or SEQ ID No. 33.
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The method according to claim 5, wherein the promoter com-
prising or consisting of a nucleic acid sequence having at
least 80% identity to SEQ ID No. 3 is modified within at
least one promoter region selected from the group consist-
ing of position 1 to 20, position 131 to 150, position 251
to 270, position 371 to 390, position 401 to 410 and posi-
tion 461 to 480 of SEQ ID No. 3.

The method according to claim 5 or 6, wherein the promoter
comprising or consisting of a nucleic acid sequence having
at least 80% identity to SEQ ID No. 3 is modified within at
least one promoter region selected from the group consist-
ing of position 1 to 10, position 131 to 140, position 251
to 260, position 371 to 380, position 401 to 410 and posi-
tion 471 to 480 of SEQ ID No. 3 wherein position 1 to 10 of
SEQ ID No. 3 is preferably modified with ATCCTTTTAG (SEQ ID
No. 1) and positions 131 to 140, 251 to 260, 371 to 380,
401 to 410 and 471 to 480 of SEQ ID No. 3 are preferably
modified with GATAX1X2X3X4X5Xe (X7)m.

The method according to any of claims 5 to 7, wherein the
promoter comprising or consisting of a nucleic acid se-
quence having at least 80% identity to SEQ ID No. 3 is mod-
ified at positions 1 to 10, 131 to 140 and 251 to 260; or
131 to 140, 251 to 260 and 401 to 410; or 131 to 140, 251
to 260 and 471 to 480; or 1 to 10, 131 to 140, 251 to 260
and 371 to 380; or 1 to 10, 131 to 140, 251 to 260 and 471
to 480; or 1 to 10, 131 to 140, 251 to 260, 371 to 380, 401
to 410 and 471 to 480 of SEQ ID No. 3, preferably at posi-
tions 1 to 10, 131 to 140 and 251 to 260 or 1 to 10, 131 to
140, 251 to 260, 371 to 380, 401 to 410 and 471 to 480 of
SEQ ID No. 3.

The method according to any of claims 5 to 8, wherein one
or more, preferably all, nucleotides within positions 89 to
101, 137, 138, 162, 176 and/or 448 to 468 of the promoter
comprising or consisting of a nucleic acid sequence having
at least 80% identity to SEQ ID No. 3 are deleted.
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The method according to claim 5, wherein the promoter com-
prising or consisting of a nucleic acid sequence having at
least 80% identity to SEQ ID No. 4 is modified within at
least one promoter region selected from the group consist-
ing of position 1 to 20, position 151 to 170, preferably
position 161 to 170, and position 171 to 190, preferably
position 171 to 180.

The method according to claim 5 or 10, wherein the promoter
comprising or consisting of a nucleic acid sequence having
at least 80% identity to SEQ ID No. 4 is modified at posi-
tions 161 to 170 and 171 to 180; or 11 to 20, 161 to 170
and 171 to 180.

The method according to claim 5, 10 or 11, wherein the pro-
moter comprising or consisting of a nucleic acid sequence
having at least 80% identity to SEQ ID No. 4 is modified
with nucleic acid AAA within at least one promoter region
selected from the group consisting of position 37 to 39,
position 103 to 105, position 109 to 111, position 178 to
180, position 235 to 237 and position 349 to 351 of SEQ ID
No. 4.

The method according to claim 5, wherein the promoter com-
prising or consisting of a nucleic acid sequence having at
least 80% identity to SEQ ID No. 33 is modified within at
least one promoter region selected from the group consist-
ing of position 1 to 10, position 21 to 30, position 141 to
150, position 461 to 470, position 61 to 70, position 281
to 290, position 361 to 370, position 301 to 310 and posi-
tion 561 to 570 of SEQ ID No. 33, preferably within posi-
tion 1 to 10 and/or position 461 to 470 of SEQ ID No. 33.

The method according to claim 13, wherein the promoter com-
prising or consisting of a nucleic acid sequence having at
least 80% identity to SEQ ID No. 33 is modified with GA-
TAX 1X2X3X4X5X6 (X7) m.
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A promoter variant obtainable by a method according to any

one of claims 1 to 14.

The promoter variant according to claim 15, wherein the
promoter variant comprises or consists of a nucleic acid
sequence selected from the group of SEQ ID No. 5, SEQ ID
No. 6, SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID No.
10, SEQ ID No. 11, SEQ ID No. 12, SEQ ID No. 13, SEQ ID No.
14, SEQ ID No. 15, SEQ ID No. 16, SEQ ID No. 17, SEQ ID No.
18, SEQ ID No. 19, SEQ ID No. 20, SEQ ID No. 21, SEQ ID No.
22, SEQ ID No. 23, SEQ ID No. 24, SEQ ID No. 34, SEQ ID No.
35, SEQ ID No. 36, SEQ ID No. 37, SEQ ID No. 38, SEQ ID No.
39, SEQ ID No. 40, SEQ ID No. 41 and SEQ ID No. 42.

.A nucleic acid molecule or vector comprising a promoter

variant according to claim 15 or 16.

The nucleic acid molecule or vector according to claim 17,
wherein the promoter variant is operably linked to a nu-

cleic acid sequence encoding for a polypeptide or protein.

.A host cell comprising a nucleic acid molecule or promoter

variant according to any one of claims 15 to 18.

The host cell according to claim 19, wherein the host cell
is a fungal cell, preferably from the phylum Ascomycota,
more preferably from the genus Komagataella or Myceli-
ophthora, more preferably a Komagataella phaffii or Myceli-
ophthora thermophila cell.

.A method for producing a polypeptide or protein comprising

the step of cultivating a host cell according to claim 19
or 20.



