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(57) Abstract: The present invention provides an expression system for a eukaryotic host, which comprises 1) an expression cassette
comprising a core promoter, said core promoter controlling the expression of a DNA sequence encoding a synthetic transcription
factor (sTF), and 2) one or more expression cassettes each comprising a DNA sequence encoding a desired product operably linked
to a synthetic promoter, said synthetic promoter comprising a core promoter, and sTF-specific binding sites upstream of the core
promoter. The present invention also provides a method for identifying universal core promoters for eukaryotic hosts, expression
systems using universal core promoters, hosts comprising said systems, and methods for producing protein products in eukaryotic
hosts.
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Expression system for eukaryotic organisms

Technical field

The present invention relates to an expression system for a eukaryotic host (such
as a microorganism host), a host comprising said expression system, and a meth-
od for producing a desired protein product by using said host. Furthermore the
present invention relates to a method for identifying a universal core promoter, a
universal core promoter obtainable by said method, and an expression system, a
eukaryotic organism host (such as a microorganism host) and method for produc-
ing a protein product by using a universal core promoter.

Background

Controlled and predictable gene expression is very difficult to achieve even in well-
established hosts, especially in terms of stable expression in diverse cultivation
conditions or stages of growth. In addition, for many potentially interesting indus-
trial hosts, there is a very limited (or even absent) spectrum of tools and/or meth-
ods to accomplish expression of heterologous genes. In many instances, this pro-
hibits the use of these (often very promising hosts) in industrial applications. In
some hosts, specific inducing conditions need to be in place to achieve desirable
expression of target genes. This results in specific requirements for culture media
or downstream processing that ultimately increase production costs. Another prob-
lem in industrial hosts is the establishment of complex expression programs where
it is desired to have specific expression levels of multiple genes simultaneously.
This is, for instance, important for metabolic pathway engineering, where the indi-
vidual genes encoding enzymes in production pathways need to be expressed
(and the corresponding enzymes produced) in balanced ratio to ensure optimal
metabolic flux towards the desired products.

In order to achieve predictable and/or stable expression patterns of the target
genes in a host organism (in variable conditions) it is important that the expression
of these genes is minimally affected by the intrinsic regulatory mechanisms of the
host. This can be accomplished by use of non-native (heterologous) components
(promoters, transcription factors, and inducing agents) in the engineered target
gene expression systems. These expression systems are called orthogonal, if they
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are not influenced by the host and also if they are not influencing the host in other
ways than intended. The orthogonal expression systems still, however, rely on the
host endogenous cellular functions, such as transcription and translation, so they
have to fulfil certain criteria permitting their functionality in the host. These criteria
are to some extent species (host)-specific, which makes it difficult to design an or-
thogonal system functional across a broad variety of very dissimilar species.

Typically, the current strategies for expression of heterologous genes employ use
of endogenous (host specific) promoters in specific hosts (Hubmann et al. 2014
and Blumhoff et al. 2012). These promoters can be either inducible, or so-called
constitutive, but in neither case are they orthogonal, because their function is de-
pendent on specific factors existing in the host organism. Also, the use of host
specific promoters prevents the inter-species transfer of these expression sys-
tems, which results in the necessity to develop customized expression systems for
each host. The existing examples of inter-species transferable expression sys-
tems, based on the native host promoters, are limited to a narrow spectrum of
closely related organisms, in which the promoters works. These include some
yeast promoters, such as Kluyveromyces lactis URA3 and LEUZ2, or Schizosac-
charomyces pombe HIS5 promoters functional in Saccharomyces cerevisiae. In
filamentous fungi, for instance gpdA promoter of Aspergillus nidulans has been
successfully used in Aspergillus niger, Aspergillus fumigatus, and Trichoderma
reesei. These promoters are, however, mainly used for expression of selection
marker genes in these organisms. They are not suitable for target gene expression
(encoding a desired protein) and especially not for simultaneous expression of
multiple genes (encoding a metabolic pathway), because their activity is strongly
influenced by growth conditions or they confer an insufficient spectrum of tran-
scriptional activities.

Several studies have reported the characterization and engineering of gene ex-
pression systems that employ synthetic (orthogonal) transcription factors (sTFs)
and engineered sTF-dependent promoters to control the expression of target
genes. The sTF-dependent promoters are composed of a variable number of sTF-
binding sites linked to a core promoter. The number of binding sites in combination
with a specific core promoter defines the level of expression of the target gene and
it represents a significant improvement in expression level control compared to the
systems which utilize host-specific promoters for the target gene expression. The
sTFs used in these expression systems are, however, expressed from native
(host-specific) promoters or modified native promoters, which makes these sys-
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tems only partially orthogonal, and which prohibits their use in diverse species.
Examples of the partially orthogonal expression systems include:

Expression system developed for S. cerevisiae , where the sTF is expressed from
the S. cerevisiae TDH3 promoter or from promoter combining the TDH3 UAS and
the S. cerevisiae CYC1 core promoter, and the target genes are expressed from
synthetic promoters containing a diverse number of sTF binding sites and TDH3 or
CYCT core promoters (Ito et al., 2015).

Expression system developed for A. nidulans and A. niger, where the sTF is ex-
pressed from the A. nidulans gpdA promoter, and the target gene is expressed
from a synthetic promoter containing three binding sites for the sTF, S. cerevisiae
URA3 core promoter, and a 94 bp random sequence derived from E. coli (Pach-
linger et al., 2005).

Expression system developed for Arabidopsis thaliana, where the sTF is ex-
pressed from the A. thaliana 35S promoter, or other A. thaliana promoter, or from
a synthetic promoter containing four binding sites for the sTF and A. thaliana 35S
minimal promoter. The minimal promoter probably refers to a core promoter in the
referred publication. The target gene is expressed from the synthetic promoter
containing four binding sites for the sTF and the A. thaliana 35S minimal promoter
(US2002081667).

Although several gene expression systems have been disclosed in the prior art,
there is still a need for gene expression systems for eukaryotic organism hosts
(e.g. eukaryotic microorganism hosts) that can provide robust and stable expres-
sion, a broad spectrum of expression levels, and can be used in several different
eukaryotic organism species and genera such as in several different eukaryotic
microorganism species and genera. This would e.g. enable efficient transfer to and
testing of engineered metabolic pathways simultaneously in several potential pro-
duction hosts for functionality evaluation. Furthermore, a true orthogonal expres-
sion system would provide benefits to the scientific community who study eukary-
otic organisms.

Summary

One objective of the present invention is to provide orthogonal expression systems
which are functional (transferable) in a large spectrum of eukaryotic organisms
such as eukaryotic microorganisms. Such expression systems would overcome
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the need to use host-native DNA sequences in constructing the expression sys-
tems and, therefore, establishing expression systems not dependent on the intrin-
sic transcriptional regulation of the expression host.

A further objective of the invention is to provide expression systems, which allow
robust, stable, and predictable expression levels of target genes, and which are
not influenced by the cultivation conditions or developmental or growth stages of
the host organism.

The motivation for the present invention is based on the finding that 1) the use of
the host-specific promoters, or their parts, for expressing the sTFs, and 2) the use
of species-specific core promoters in the sTF-dependent promoters controlling the
expression of the target genes are the main reasons why the current expression
systems based on sTFs cannot be transferred between diverse species without
loss of their function.

The present invention shows that it is advantageous to use a core promoter alone
for the expression of a sTF. This allows low, constitutive expression of sTF in the
host (e.g. microorganism host).

Furthermore, the present invention shows that it is possible to develop a method to
identify core promoters that are functional in distant species.

In addition, the present invention shows that it is possible to construct expression
systems based on these core promoters functional in diverse species, which allow
tunable expression levels of target genes across a large spectrum of eukaryotic
organisms (e.g. eukaryotic microorganisms).

Hence, the present invention provides an expression system for a eukaryotic host
(e.g. microorganism host), which comprises:

(@) an expression cassette comprising a core promoter,
said core promoter being the only “promoter” controlling the expression of a DNA
sequence encoding synthetic transcription factor (sTF), and

(b) one or more expression cassettes each comprising a DNA sequence encod-
ing a desired protein product operably linked to a synthetic promoter,

said synthetic promoter comprising a core promoter identical to (a) or another core
promoter, and sTF-specific binding sites upstream of the core promoter.
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The present invention provides also a eukaryotic host, such as a eukaryotic micro-
organism host, comprising the expression system.

Furthermore, the present invention provides a method for producing a desired pro-
tein product (or multiple desired protein products simultaneously) in a eukaryotic
host comprising cultivating the eukaryotic host under suitable cultivation condi-
tions.

Furthermore, the present invention provides a method for producing a desired pro-
tein product (or multiple desired protein products simultaneously) in a eukaryotic
microorganism host comprising cultivating the eukaryotic microorganism host un-
der suitable cultivation conditions.

The present invention provides also a method for identifying universal core pro-
moters for eukaryotic hosts.

The identification method comprises the following steps:

- constitutively expressing a synthetic transcription factor, sTF, in Saccharo-
myces cerevisiae,

- in the same host co-expressing a reporter gene operably linked to a sTF-
dependent test promoter, said sTF-dependent test promoter comprising a core
promoter to be tested, and sTF binding sites upstream to that,

- allowing said reporter gene to be expressed under the test promoter in the
presence of activation by the sTF,

- assessing the level of expression of the reporter gene, and

- selecting from the tested core promoters, core promoters showing at least
40% as high expression of the reporter gene as obtained with S. cerevisiae PGK1
core promoter tested in the same reporter system;

- In specific cases, also selecting core promoters showing lower than 40% ex-
pression of the reporter gene as compared to the reporter gene expression ob-
tained with S. cerevisiae PGK1 core promoter tested in the same reporter system.

Furthermore, the present invention provides a universal core promoter (UCP). The
universal core promoter is obtainable by the disclosed identification method.
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A universal core promoter (UCP) typically comprises a DNA sequence containing
the 5°-upstream region of a eukaryotic gene, starting 10 — 50 bp upstream of a
TATA-box and ending 9 bp upstream of the ATG start codon. The distance be-
tween the TATA-box and the start codon is preferably no greater than 180 bp and
no smaller than 80 bp. The UCP typically comprises also a DNA sequence com-
prising random 1-20 bp at its 3’-end. In one embodiment a UCP typically compris-
es a DNA sequence having at least 90% sequence identity to said 5 -upstream re-
gion of a eukaryotic gene, and a DNA sequence comprising random 1-20 bp at its
3’-end.

Furthermore, the present invention provides an expression system for a eukaryotic
host, which comprises

(@) an expression cassette comprising a UCP,
said UCP controlling the expression of a DNA sequence encoding synthetic tran-
scription factor (sTF), and

(b) one or more expression cassettes each comprising a DNA sequence encoding a
desired protein product operably linked to a synthetic promoter,

said synthetic promoter comprising a UCP identical to (a) or another UCP, and
sTF-specific binding sites upstream of the UCP.

In addition, the present invention provides a eukaryotic host (e.g. a eukaryotic mi-
croorganism host) comprising an expression system using universal core promot-
ers.

The present invention provides also a method for producing a desired protein
product (or multiple desired protein products simultaneously) in a eukaryotic host
(e.g. a eukaryotic microorganism host) using an expression system with universal
core promoters.

The present invention thus provides an orthogonal expression system which is
functional (transferable) in a large spectrum of eukaryotic organisms or eukaryotic
microorganisms, which allows robust, stable, and predictable expression levels of
target genes, and is not influenced by cultivation conditions or developmental or
growth stages of the host organism.
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The expression system provided by the present invention simplifies and focuses
the genetic tools needed for constructing new expression hosts. Currently there is
a wide array of expression systems that are highly organism and species specific.
With the present invention, industry and wider scientific community working on eu-
karyotic organisms can adopt a smaller, common set of orthogonal expression
tools. This would benefit the community and drive forward new innovations in the
field.

Brief description of Figures

Figure 1 depicts a scheme of an expression system for expression of a single
gene in a eukaryotic organism (e.g. a eukaryotic microorganism).

Figures 2A, 2B and 2C depict a scheme of the screening method for selecting
UCPs from the candidate core promoters.

Figure 3 depicts a scheme of an expression system utilizing the UCPs for simulta-
neously regulating the expression of multiple genes in a eukaryotic organism such
as a eukaryotic microorganism.

Figure 4 depicts examples of the expression systems functional/transferable in di-
verse organisms or microorganisms.

Figures 5A and 5B depict testing of different versions of the sTFs and assessment
of modulation of the expression system’s performance in Saccharomyces cere-
visiae by fluorometry.

Figures 6A and 6B depict the analysis of the expression systems in diverse fungal
hosts. Quantitative analysis of the reporter gene expression determined by fluo-
rescence flow cytometry (6A) and by fluorometry (6B).

Figures 7A, 7B, 7C and 7D depict the analysis of the tunable expression levels in
different hosts (Pichia kudriavzevii, Aspergillus niger, and Trichoderma reesei) by
fluorescence flow cytometry and western blotting.

Figures 8A and 8B depict the scheme of the expression system (8A) and the anal-
ysis of a reporter gene expression in Kazachstania exigua (8B) by quantitative re-
al-time PCR (gPCR).
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Figures 9A, 9B, 9C and 9D depict the analysis of the protein production in diverse
expression hosts (Trichoderma reesei and Pichia pastoris) containing the expres-
sion system.

Detailed description

Definitions

Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which
this invention belongs.

DNA refers to deoxyribonucleic acid.

Codon is a tri-nucleotide unit which is coding for a single amino acid in the genes
that code for proteins. The codons encoding one amino acid may differ in any of
their three nucleotides. Different organisms have different frequency of the codons
in their genomes, which has implications for the efficiency of the mRNA translation
and protein production.

Coding sequence refers to a DNA sequence that encodes a specific RNA or pol-
ypeptide (i.e. a specific amino acid sequence). The coding sequence could, in
some instances, contain introns (i.e. additional sequences interrupting the reading
frame, which are removed during RNA molecule maturation in a process called
RNA splicing). If the coding sequence encodes a polypeptide, this sequence con-
tains a reading frame.

Reading frame is defined by a start codon (AUG in RNA; corresponding to ATG in
the DNA sequence), and it is a sequence of consecutive codons encoding a poly-
peptide (protein). The reading frame is ending by a stop codon (one of the three:
UAG, UGA, and UAA in RNA; corresponding to TAG, TGA, and TAA in the DNA
sequence). A person skilled in the art can predict the location of open reading
frames by using generally available computer programs and databases.

Eukaryotic Promoter is a region of DNA necessary for initiation of transcription of
a gene. It is upstream of a DNA sequence encoding a specific RNA or polypeptide
(coding sequence). It contains an upstream activation sequence (UAS) and a
core promoter. A person skilled in the art can predict the location of a promoter by
using generally available computer programs and databases.
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Core promoter (CP) is a part of a eukaryotic promoter and it is a region of DNA
immediately upstream (5’-upstream region) of a coding sequence which encodes a
polypeptide, as defined by the start codon. The core promoter comprises all the
general transcription regulatory motifs necessary for initiation of transcription, such
as a TATA-box, but does not comprise any specific regulatory motifs, such as UAS
sequences (binding sites for native activators and repressors).

Core promoter is defined for the purpose of the present invention as a DNA
sequence containing: 1) a 5°-upstream region of a highly expressed gene start-
ing 10-50 bp upstream of the TATA box and ending 9 bp upstream of the start co-
don, where the distance between the TATA box and the start codon is no greater
than 180 bp and no smaller than 80 bp, 2) random 1-20 bp, typically 5 to 15 or 6 to
10, which are located in place of the 9bp of the DNA region (1) immediately up-
stream of the start codon; or as a DNA sequence containing : 1) a DNA sequence
having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% se-
quence identity to said 5 -upstream region and 2) random 1-20 bp, typically 5 to 15
or 6 to 10, which are located in place of the 9bp of the DNA region (1) immediately
upstream of the start codon.

A highly expressed gene in an organism in the context of this invention is a gene
which has been shown in that organism to be expressed among the top 3% or 5%
of all genes in any studied condition as determined by transcriptomics analysis, or
a gene, in an organism where the transcriptomics analysis has not been per-
formed, which is the closest sequence homologue to the highly expressed gene.

TATA-box is defined for the purpose of the present invention as a DNA se-
quence (TATA) upstream of the start codon, where the distance of the TATA se-
quence and the start codon is no greater than 180 bp and no smaller than 80 bp.
In case of multiple sequences fulfilling the description, the TATA-box is defined as
the TATA sequence with smallest distance from the start codon.

Transcription factor refers to a protein that binds to specific DNA sequences
present in the UAS, thereby controlling the rate of transcription, which is performed
by RNA Il polymerase. Transcription factors perform this function alone or with
other proteins in a complex, by promoting (as an activator), or blocking (as a re-
pressor) the recruitment of RNA polymerase to core promoters of genes.

Synthetic transcription factor (sTF) refers to a protein which functions as a tran-
scription factor, but is not a native protein of a host organism. In the context of this
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invention, the sTF is an artificial protein which typically comprises a DNA-binding
protein of prokaryotic origin, a nuclear localization signal, and a transcription acti-
vation domain of viral origin.

Synthetic promoter refers to a region of DNA which functions as a eukaryotic
promoter, but it is not a naturally occurring promoter of a host organism. It contains
an upstream activation sequence (UAS) and a core promoter, wherein the UAS, or
the core promoter, or both elements, are not native to the host organism. In the
context of this invention, the synthetic promoter comprises (usually 1-10, typically
1, 2, 4 or 8) sTF-specific binding sites (synthetic UAS — sUAS) linked to a core
promoter.

DNA binding domain or DBD refers to the region of a protein, typically specific
protein domain, which is responsible for interaction (binding) of the protein with a
specific DNA sequence.

Universal core promoter (UCP) is a core promoter which confers sufficient (usu-
ally but not necessarily at least 40% of) reporter expression or activity level, such
as fluorescence level, obtained with the Saccharomyces cerevisiae PKG1 core
promoter tested in a CP-screening system as disclosed in the present invention.
A core promoter selected by using this system typically provides sufficient expres-
sion of a transcription factor in various species and genera of eukaryotic organ-
isms.

An orthogonal expression system means here an expression system consisting
of heterologous (non-native) core promoters, transcription factor(s), and transcrip-
tion-factor-specific binding sites. Typically, the orthogonal expression system is
functional (transferable) in diverse eukaryotic organisms such as eukaryotic mi-
croorganisms.

CP-screening system is constructed in Saccharomyces cerevisiae and it com-
prises a Saccharomyces cerevisiae strain constitutively expressing a sTF and
preferably a centromeric type reporter plasmid assembled with the core promoter
to be tested. The reporter plasmid typically contains binding sites specific for the
sTF, a reporter gene, such as mCherry gene, and a terminator, such as the ADH1
terminator for the mCherry gene. The tested core promoter is inserted between the
sTF binding sites and the reporter gene. The tested core promoter typically com-
prises at its 3’-end a sequence comprising 1-20 random nucleotides, such as se-
quence TTAATTAAA, and typically including restriction sites. The function of the
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core promoter is assessed by a reporter measurement, such as fluorescence
measurement of the resulting strain and compared to a control strain where the
core promoter is the Saccharomyces cerevisiae PKG1 core promoter.

A centromeric plasmid refers here to a single or low copy number plasmid used
in S. cerevisiae. This plasmid is containing DNA regions functional as a centro-
mere (CEN sequence) and as an autonomously replicating sequence (ARS) in S.
cerevisiae. The ARS sequence provides replication origin and the CEN sequence
regulates replication and distribution of the plasmids during cell division which
makes the centromeric plasmid analogous to a chromosome.

Sufficient expression of a transcription factor is defined as an expression level
of a transcription factor which leads to transcription activation of a gene or genes
which are under the control of the transcription factor-dependent promoter(s).

Eukaryotic organism is defined in the context of this invention as an organism
belonging to: 1) Fungal kingdom, including yeast, such as classes Saccharomy-
cetales, including but not limited to species Saccharomyces cerevisiae, Kluyvero-
myces lactis, Candida krusei (Pichia kudriavzevii), Pichia pastoris (Komagataella
pastoris), Eremothecium gossypii, Kazachstania exigua, Yarrowia lipolytica, and
others; or Schizosaccharomycetes, such as Schizosaccharomyces pombe; fila-
mentous fungi, such as classes Eurotiomycetes, including but not limited to spe-
cies Aspergillus niger, Aspergillus nidulans, Penicillium chrysogenum, and others;
Sordariomycetes, including but not limited to species Trichoderma reesei, Myceli-
ophthora thermophile, and others; or Mucorales, such as Mucor indicus and oth-
ers. 2) Plant kingdom, including flowering plants, such as orders Solanales, includ-
ing but not limited to genus Nicotiana (N. benthamiana), Solanum (S. tuberosum),
Lycopersicon (L. esculentum), Capsicum (C. anuum) and others; Brassicales in-
cluding but not limited to genus Arabidopsis (A. thaliana), Brassica (B. napus), and
others; Poales including but not limited to species Avena sativa, Secale cereale,
Zea mays, Triticum spp., Oryza sativa, Hordeum vulgare, Sorghum bicolor, Sac-
charum officinarum, and others; Fabales including but not limited to species
Phaseolus spp., Vigna spp., Glycine max, Pisum sativum, Lens culinaris, Cicer
arietinum and others; Malpighiales, including but not limited to genus Populus, and
others; Pinales, including but not limited to genus Pinus, and others; or Arecales
including but not limited to species Elaeis guineensis, Cocos nucifera, and others;
and green algae, such as classes Chlorophyceae, including but not limited to ge-
nus Chlamydomonas (C. reinhardltii); or Trebouxiophyceae, including but not lim-
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ited to species Chlorella spp., and others. 3) Animal kingdom, including mammals
(Mammalia), including but not limited to species Mus musculus (mouse), Cri-
cetulus griseus (hamster), Homo sapiens (human), and others; insects, including
but not limited to species Mamestra brassicae, Spodoptera frugiperda, Trichoplu-
sia ni, Drosophila melanogaster, and others.

Eukaryotic microorganism is defined in the context of the invention as a micro-
organism including yeast, such as classes Saccharomycetales, including but not
limited to species Saccharomyces cerevisiae, Kluyveromyces lactis, Candida
krusei (Pichia kudriavzevii), Pichia pastoris (Komagataella pastoris), Eremotheci-
um gossypii, Kazachstania exigua, Yarrowia lipolytica, and others; Schizosaccha-
romycetes, such as Schizosaccharomyces pombe; and filamentous fungi, such as
classes Eurotiomycetes, including but not limited to species Aspergillus niger, As-
pergillus nidulans, Penicillium chrysogenum, and others; Sordariomycetes, includ-
ing but not limited to species Trichoderma reesei, Myceliophthora thermophile, and
others; Mucorales, such as Mucor indicus and others.

The present invention provides an expression system for a eukaryotic host, which
comprises

(@) an expression cassette comprising a core promoter;
the core promoter being the only promoter for controlling the expression of a DNA
sequence encoding synthetic transcription factor (sTF), and

(b)  one or more expression cassettes each comprising a DNA sequence encod-
ing a desired protein product operably linked to a synthetic promoter;
the synthetic promoter comprises a core promoter, which is identical to the core
promoter in (a) or another core promoter, and one or more sTF-specific binding
sites upstream of the core promoter.

The core promoter typically comprises a DNA sequence containing the 5'-
upstream region of a eukaryotic gene, starting 10 — 50 bp upstream of a TATA-box
and ending 9 bp upstream of the ATG start codon. The distance between the
TATA-box and the start codon is no greater than 180 bp and no smaller than 80
bp. The core promoter typically comprises also a DNA sequence comprising ran-
dom 1-20 bp at its 3’-end. In one embodiment the core promoter typically compris-
es a DNA sequence having at least 90% sequence identity to said 5 -upstream re-
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gion of a eukaryotic gene, and a DNA sequence comprising random 1-20 bp at its
3’-end.

The DNA sequence encoding the synthetic transcription factor (sTF) typically
comprises a prokaryotic transcription regulator, a nuclear localization signal, and a
transcription activation domain.

The CPs used in the expression system can be different, or the first one, CP1, can
be identical to the second one CP2, (or the third one CP3, or the fourth one CP4).
This is illustrated in Figures 1 and 3.

The two expression cassettes ((a) and (b)) can be introduced to a eukaryotic host
(typically integrated into a genome) as two individual DNA molecules, or as one
DNA molecule in which the two (or more) expression cassettes are connected
(fused) to form a single DNA.

In specific applications, where the target gene is a native (homologous) gene of a
host organism, the synthetic promoter can also be inserted immediately upstream
of the target gene coding region in the genome of the host organism, possibly re-
placing the original (native) promoter of the target gene.

More specifically, the expression system thus comprises two DNA-parts, which are
assembled into the expression system comprising at least two individual expres-
sion cassettes:

(@) a sTF — synthetic transcription factor — cassette, which comprises a CP con-
trolling expression of a gene encoding a fusion protein (sTF), the sTF itself, and a
terminator. The sTF comprises a DNA-binding protein derived from prokaryotic
origin, typically bacterial transcription regulators, such as from the TetR family; nu-
clear localization signal, such as the SV40 NLS; and a transcription activation do-
main, such as the VP16 or VP64 activation domain; and

(b) a target gene expression cassette, which comprises a synthetic promoter,
which comprises a variable number of sTF-binding sites, usually 1 to 10, typically
1, 2, 4 or 8, separated by 0-20, typically 5 -15, random nucleotides, a CP, a target
gene, and a terminator.

The composition of the example expression system is illustrated in Figure 1.

The present invention is based on the idea to use a core promoter (CP), instead of
a full promoter, for expression of a synthetic transcription factor (sTF). Some CPs
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can sustain low level of transcription when placed in front of a gene. Due to the
absence of specific regulatory sequences required for conditional transcription
control which are present in full promoters (typically in the upstream activating se-
quence — UAS), this transcription is constitutive — that is constant in all growth or
metabolic conditions. Because the general transcription machinery is evolutionari-
ly conserved, some of the CPs can function in very diverse species. These fea-
tures are used in the invention for construction of species-transferable expression
systems.

The constitutive low expression of the sTF gene facilitated by a CP provides a suf-
ficient amount of a synthetic transcription factor, which binds to its specific binding
sites on the synthetic promoter of the target gene and activates its expression.
The number of the binding sites is proportional to the expression level of the target
gene(s), where more binding sites results in higher expression. The synthetic
promoter comprises, in addition to the sTF-binding sites, also a CP. The choice of
the CP in the synthetic promoter controlling the expression of the target gene(s) is
also important for the expression level of the target gene(s). The combination of
the sTF-binding sites and the CP can result in a range of expression levels which
can be modulated from very low to very high. At the high end, the expression
achieved by this system exceeds the expression levels of the most highly ex-
pressed native genes in a host organism.

Figure 1 illustrates an example of a scheme of an expression system for expres-
sion of a single gene in a eukaryotic organism or microorganism. The synthetic
transcription factor (sTF) expression cassette contains a CP (CP1), a sTF coding
sequence, and a terminator. The CP1 provides constitutive low expression of the
sTF. Therefore the sTF is present in a host cell in a constant level all the time, in
all growth conditions, and all developmental and growth stages. The target gene
expression cassette contains a synthetic promoter, a target gene coding se-
quence, and a terminator. The synthetic promoter comprises multiple sTF-specific
binding sites (usually 1-10, typically 1, 2, 4 or 8; forming a synthetic upstream ac-
tivating sequence — sUAS), and a CP (CP2). The target gene encodes a protein
product of interest.

The transcription activity of the CP1, the “signal”, is “amplified” by the sTF bound
to the sUAS. This leads to activation of transcription on the CP2, resulting in ex-
pression of the target gene. As discussed above, the two expression cassettes
can be introduced into a eukaryotic host (typically integrated into a genome) as
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two individual DNA molecules, or as one DNA molecule in which the two cas-
settes are connected (fused) into a single DNA. In specific applications, where the
target gene is a native (homologous) gene of a host organism, the synthetic pro-
moter can also be inserted immediately upstream of the target gene coding region
in the genome of the host organism. The CPs used in the expression system can
be different, or the CP1 can be identical to the CP2.

The present invention also provides a eukaryotic host (e.g. a eukaryotic microor-
ganism host) which comprises the expression system as disclosed herein.

A eukaryotic organism refers here in particular to 1) fungal species including yeast,
such as species from classes Saccharomycetales, including but not limited to
Saccharomyces cerevisiae, Kluyveromyces lactis, Candida krusei (Pichia
kudriavzevii), Pichia pastoris (Komagataella pastoris), Eremothecium gossypii,
Kazachstania exigua, Yarrowia lipolytica, and others; Schizosaccharomycetes,
such as Schizosaccharomyces pombe; and filamentous fungi species, such as
those from classes Eurotiomycetes, including but not limited to Aspergillus niger,
Aspergillus nidulans, Penicillium chrysogenum, and others; Sordariomycetes, in-
cluding but not limited to Trichoderma reesei, Myceliophthora thermophile, and
others; Mucorales, such as Mucor indicus and others; 2) plant species including
flowering plants, such as species from orders Solanales, including but not limited
to Nicotiana benthamiana, Solanum tuberosum, Lycopersicon esculentum, Capsi-
cum anuum and others; Brassicales, including but not limited to Arabidopsis thali-
ana, Brassica napus, and others; Poales, including but not limited to Avena sativa,
Secale cereale, Zea mays, Triticum spp. Oryza sativa, Hordeum vulgare, Sor-
ghum bicolor, Saccharum officinarum, and others; Fabales including but not lim-
ited to Phaseolus spp., Vigna spp., Glycine max, Pisum sativum, Lens culinaris,
Cicer arietinum and others; Malpighiales, including but not limited to Populus sp.,
and others; Pinales, including but not limited to Pinus sp., and others; or Arecales
including but not limited to Elaeis guineensis, Cocos nucifera, and others; and
green algae species, including but not limited to Chlamydomonas reinhardtii,
Chilorella spp. and others; 3) Animal species including but not limited to mammals
(Mammalia), including but not limited to species Mus musculus (mouse), Cri-
cetulus griseus (hamster), Homo sapiens (human), and others; insect species, in-
cluding but not limited to species Mamestra brassicae, Spodoptera frugiperda,
Trichoplusia ni, Drosophila melanogaster, and others.
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The present invention also provides a method for producing a desired protein
product in a eukaryotic host (e.g. microorganism host) comprising cultivating the
host under suitable cultivation conditions.

By suitable cultivation conditions are meant any conditions allowing survival or
growth of the host organism, and/or production of the desired product in the host
organism. Desired product can be a product of the target gene or genes (protein
or proteins), or compound produced by a protein (enzyme) or by a metabolic
pathway. In the present context the desired product is typically a protein (enzyme)
product.

The present invention also provides a gene expression system which is functional
in several different eukaryotic species and genera. The key element in the system
is a core promoter which facilitates expression in several species. Such a core
promoter is here called universal core promoter — UCP.

This property, so called basal transcription activity, is based on efficient recruit-
ment of the RNA polymerase Il complex to the core promoter; and it results in low
but stable expression level in all cultivation and growth (developmental) condi-
tions. This low constitutive signal is amplified by a synthetic transcription factor
(sTF), whose expression is controlled by the UCP, to adjustable expression level
of target genes (native or heterologous). Each target gene is under the control of
an engineered promoter and comprises a selected number of sTF-specific binding
sites and a UCP. The combination of the sTF-specific binding sites and the UCP
defines the expression level of the target gene.

This provides means to control expression in diverse hosts, including those with
undeveloped know-how. Applications of the use of UCPs are protein production,
metabolic engineering and artificial genetic regulatory networks.

Furthermore, the system can be used as a platform to identify new UCPs with
novel properties.

The present invention provides a method for identifying a universal core promoter
for eukaryotic hosts. The method comprises

- constitutively expressing a synthetic transcription factor, sTF, in Saccharomyces
cerevisiae,
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- co-expressing in the same host a reporter gene operably linked to a sTF-
dependent test promoter, said sTF-dependent test promoter comprising a core
promoter to be tested, and sTF binding sites upstream to that,

- allowing said reporter gene to be expressed under the test promoter in the pres-
ence of activation by the sTF,

- assessing the level of expression of the reporter gene, and

- selecting from the tested core promoters, core promoters showing at least 40%
as high expression of the reporter gene as obtained with S. cerevisiae PGK1 core
promoter tested in the same reporter system.

- in specific cases, also selecting core promoters showing lower than 40% level of
reporter expression

More specifically, the method optimally comprises the use of a circular centromeric
plasmid comprising sTF specific binding sites operably linked to the tested core
promoter, and a reporter gene.

The DNA sequence encoding synthetic transcription factor (sTF) typically com-
prises a DNA sequence encoding a DNA-binding protein of prokaryotic origin, a
nuclear localization signal, and a transcription activation domain. The sTF com-
prises a DNA-binding protein derived from prokaryotic, typically bacterial origin,
transcription regulators, such as a protein from the TetR family; a nuclear localiza-
tion signal, such as the SV40 NLS; and a transcription activation domain, such as
the VP16 or VP64 activation domain.

The promoter to be tested is selected from the promoters of eukaryotic genes ex-
pressed to the level of the highest 3% or 5% of all genes in any condition in the
given eukaryotic organism.

The present invention provides a universal core promoter (UCP), in which the core
promoter is obtainable by the identification method as disclosed herein.

Typically a universal core promoter comprises a DNA sequence containing 1) the
5°-upstream region of a eukaryotic gene, starting 10 — 50 bp upstream of a TATA-
box, and ending 9 bp upstream of the ATG start codon; and 2) a random 1-20 bp
DNA sequence which is located in place of the 9bp of the DNA region (1) immedi-
ately upstream of the start codon. The distance between the TATA-box and the
start codon of the original eukaryotic gene is no greater than 180 bp and no
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smaller than 80 bp. In one embodiment the core promoter comprises a DNA se-
quence having at least 90% sequence identity to said 5-upstream region, and a
random 1-20 bp DNA sequence which is located in place of the 9bp of the DNA
region (1) immediately upstream of the start codon.

The selection of the CPs functional in distant organisms is carried out in Saccha-
romyces cerevisiae, and the sources of the candidate CPs are preferably (but not
necessarily) industrially relevant organisms, preferably (but not necessarily) dis-
tant in terms of evolutionary divergence or in other features, such as genome ar-
chitecture or GC-content.

The selection of the candidate CPs is based on the level of expression of the
genes in the selected source organisms, containing the candidate CP in their
promoters. Another selection criterion is the presence of a TATA-box in the candi-
date CP (Figure 2A).

In one embodiment the screen for functional CPs is advantageously performed by
in vivo assembling the candidate CP with the sTF-dependent reporter cassette
expressed in a S. cerevisiae strain constitutively expressing the sTF (Figure 2B).
The resulting strains are tested for a level of a reporter, preferably fluorescence,
and these levels are compared to a control strain where the S. cerevisiae PGK1
core promoter is used in the reporter construct. The candidate CPs, which facili-
tate sufficient reporter, preferably fluorescence, levels (usually but not necessarily
higher than 40% of) the control strain (Figure 2C), and therefore fulfil the criteria of
the screening are called universal core promoters, UCPs. The selected CPs and
UCPs are used for constructing of expression systems.

The resulting expression systems are functional in eukaryotic hosts. These hosts
include all eukaryotic organisms, in particular: 1) Fungal microorganisms including
filamentous fungi and yeasts, in particular organisms from the following taxa: A)
Saccharomycetales, including but not limited to species Saccharomyces cere-
visiae, Kluyveromyces lactis, Candida krusei (Pichia kudriavzevii), Pichia pastoris
(Komagataella pastoris), Eremothecium gossypii, Kazachstania exigua, Yarrowia
lipolytica, and others; Schizosaccharomycetes, such as Schizosaccharomyces
pombe; B) Eurotiomycetes, including but not limited to species Aspergillus niger,
Aspergillus nidulans, Penicillium chrysogenum, and others; C) Sordariomycetes,
including but not limited to species Trichoderma reesei, Myceliophthora thermo-
phile, and others; D) Mucorales, such as Mucor indicus and others. 2) Plant or-
ganisms, including flowering plants and green algae, in particular organisms from
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the following taxa: E) Solanales, including but not limited to species Nicotiana
benthamiana, Solanum tuberosum, Lycopersicon esculentum, Capsicum anuum,
and others; F) Brassicales, including but not limited to species Arabidopsis thali-
ana, Brassica napus, and others; G) Poales, including but not limited to species
Avena sativa, Secale cereale, Zea mays, Triticum spp., Oryza sativa, Hordeum
vulgare, Sorghum bicolor, Saccharum officinarum, and others; H) Fabales includ-
ing but not limited to species Phaseolus spp., Vigna spp., Glycine max, Pisum sa-
tivum, Lens culinaris, Cicer arietinum and others; 1) Malpighiales, including but not
limited to species Populus sp., and others; J) Pinales, including but not limited to
species Pinus sp., and others; K) Arecales including but not limited to species
Elaeis guineensis, Cocos nucifera, and others; L) Chlorophyceae, including but
not limited to species Chlamydomonas reinhardti, and others; M) Tre-
bouxiophyceae, including but not limited to species Chlorella spp., and others. 3)
Animal organisms, in particular organisms from the following taxa: N) mammals
(Mammalia), including but not limited to species Mus musculus (mouse), Cri-
cetulus griseus (hamster), Homo sapiens (human), and others; O) insects (Insec-
ta), including but not limited to species Mamestra brassicae, Spodoptera frugiper-
da, Trichoplusia ni, Drosophila melanogaster, and others.

Figures 2A, B and C illustrate an example of a scheme of the screening method
used for selecting UCPs from the candidate core promoters.

Figure 2A illustrates a scheme of selection of a candidate core promoter in a eu-
karyotic organism. The DNA region immediately upstream of a gene of any eukar-
yotic organism, which belongs to a group of top 3% or 5% most highly expressed
genes in any condition, is analyzed for presence of TATA sequence (TATA-box)
within -180bp and -80bp upstream of a start codon (ATG). If more than one TATA
sequence appears in this region, then the one closest to the ATG (start codon) is
chosen as a TATA-box. The sequence starting 10-50bp upstream of the TATA-
box and ending 9bp upstream of the ATG (start codon) is selected for the core
promoter screen.

Figure 2B illustrates a Saccharomyces cerevisiae strain constitutively expressing a
sTF. It is co-transformed typically with a linearized centromeric (single or low copy
number) plasmid, and a library, or individual versions, of the core promoters to be
tested. The centromeric plasmid contains typically for example 4 sTF binding
sites, the reporter gene, such as mCherry gene, and it is linearized between these
two features as shown in the figure. Each core promoter DNA fragment comprises
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the selected DNA sequence (Figure 2A) followed by a sequence comprising ran-
dom nucleotides, typically containing restriction sites, here one useful sequence is
for example TTAATTAAA, and flanked by 20-50 bp long DNA sequences on each
end. These flanking sequences are homologous to each end of the linearized
plasmid, the 5'-flanking sequence is homologous to a region partly covering the
sTF binding sites in the linearized plasmid, and the 3'-flanking sequence is homol-
ogous to the 5"-end of the reporter gene, such as mCherry gene, open reading
frame. After the transformation, the plasmid is assembled in vivo by an intrinsic
homologous recombination machinery of the Saccharomyces cerevisiae yeast,
resulting in the circular centromeric plasmid comprising the sTF binding sites, fol-
lowed by a core promoter including a sequence, such as TTAATTAAA, and the
reporter gene, such as mCherry gene. The resulting strains are analyzed for the
reporter, such as a red fluorescence caused by the produced mCherry protein.
The level of intensity of the reporter, such as fluorescence, is corresponding to the
level of expression of the reporter gene, such as mCherry gene, which is corre-
sponding to the function of the tested core promoter.

Figure 2C) The transformed strains, which confer sufficient level of reporter, such
as fluorescence, which is typically 40% or higher than the reporter, such as fluo-
rescence of the strain containing the PGK' core promoter assembled in the same
centromeric plasmid (highlighted by arrow in the figure), are selected. The cen-
tromeric plasmids are isolated from the selected strains, the plasmid DNA is puri-
fied and sequenced, and the selected core promoters are used for subsequent
constructions of expression cassettes for testing in other eukaryotic organisms. In
specific cases, also core promoters which do not confer 40% or higher level of re-
porter expression are used for constructions of expression cassettes for eukaryot-
ic organisms. In case the core promoter is functional in the core-promoter-donor
host and also in at least one other host which is different species than the core-
promoter-donor host, then the core promoter is assigned as universal core pro-
moter, UCP.

The present invention provides a universal core promoter (UCP), which is obtaina-
ble by the disclosed method. Typically the UCP comprises a DNA sequence con-
taining: 1) the 5-upstream region of a eukaryotic gene, starting 10 — 50 bp up-
stream of a TATA-box and ending 9 bp upstream of the ATG start codon, and
wherein the distance between the TATA-box and the start codon is no greater
than 180 bp and no smaller than 80 bp. 2) and a DNA sequence comprising ran-
dom 1-20 bp which is located at the 3’-end of the DNA sequence (1). In one em-
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bodiment the universal core promoter comprises 1) a DNA sequence having at
least 90% sequence identity to said 5-upstream region and 2) a DNA sequence
comprising random 1-20 bp which is located at the 3’-end of the DNA sequence.

The present invention provides also an expression system for a eukaryotic host,
which comprises

(@) an expression cassette comprising an UCP,

said UCP controlling the expression of a DNA sequence encoding synthetic tran-
scription factor (sTF), and

(b) one or more expression cassettes each comprising a DNA sequence encod-
ing a desired protein product operably linked to a synthetic promoter,

said synthetic promoter comprising UCP of (a) or another UCP, and sTF-specific
binding sites upstream of the UCP.

It is possible to construct multiple synthetic promoters with different numbers of
binding sites (usually 1-10, typically 1, 2, 4 or 8, separated by 0-20, typically 5 -15
random nucleotides) controlling different target genes simultaneously by one sTF.
This would for instance result in a set of differently expressed genes forming a
metabolic pathway.

Figure 3 illustrates an example of a scheme of an expression system utilizing the
UCPs for a simultaneous regulation of expression of multiple genes in a eukaryotic
organism (e.g. microorganism). The scheme depicts a hypothetical metabolic
pathway, but the approach could also be used for other multi-gene expression sys-
tems (signaling, transport, or glycosylation pathways, simultaneous protein pro-
duction, etc.) or their combinations.

The synthetic transcription factor (sTF) expression cassette (A) in Figure 3 is
analogous to the one shown in Figure 1, fulfilling the same purpose. The target
gene expression cassettes can be present in variable number ranging from 1 to
20. Each target gene expression cassette contains a synthetic promoter, which
can have either classical (mono-directional) architecture (B), or a bidirectional de-
sign (C). The synthetic promoter (mono- or bidirectional) consists of multiple sTF-
specific binding sites (usually 1-10, typically 1, 2, 4 or 8), and a UCP. The target
genes (Gene A, B, C, D) encode proteins of interest which can form a metabolic
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pathway or its part, or encode any combination of proteins depending on the appli-
cation.

The function of the expression system illustrated in Figure 3 is analogous to the
one presented in Figure 1, transcription activity of the UCP1 is “modulated” by sTF
bound to the sUASs of the target genes. The occupancy of each sUAS in combi-
nation with UCPs leads to specific expression levels of each individual gene, re-
sulting in specific levels of the target proteins. The expression cassettes can be in-
troduced to a eukaryotic host (typically integrated into a genome) as individual
DNA molecules or as larger DNA molecules where the individual expression cas-
settes are fused together. In specific applications, where the target genes are na-
tive (homologous) genes of a host organism — the synthetic promoters can also be
inserted immediately upstream of each target gene coding region in the genome of
the host organism. The UCPs used in the expression system can be different, or
some or all of the UCPs can also be identical.

The present invention provides a eukaryotic host comprising the disclosed expres-
sion system. These hosts include all eukaryotic organisms, in particular fungal mi-
croorganisms, including filamentous fungi and yeasts, plant hosts, including flow-
ering plans and algae, and animal hosts, including mammals and insects.

The present invention provides also a method for producing a desired protein
product in a eukaryotic host (e.g. microorganism host) comprising cultivating the
host under suitable cultivation conditions.

The tuning of the expression system for different expression levels can be carried
out in S. cerevisiae where a multitude of options, including choices of UCPs, sTFs,
different numbers of BSs, and target genes, can be tested rapidly. The established
optimal set of differently expressed genes can be directly transferred into destina-
tion host, where it retains its function. The high level of expression achieved by
this system can also be utilized in the protein (enzyme) production hosts. The ad-
vantage of using S. cerevisiae is the availability of well-established and fast meth-
ods for genetic modifications, DNA transformation, screening, analyses, cultiva-
tions, and in silico modelling. This will speed up the process of industrial host de-
velopment and enable the use of novel hosts which have high potential for specific
purposes, but very limited spectrum of tools for genetic engineering.

Figure 4 illustrates examples of the expression systems functional/transferable in
diverse eukaryotic organisms. The expression systems assembled in a single DNA
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molecule comprises two expression cassettes: 1) sTF expression cassette, which
comprises different UCPs, exemplified here either with the 533cp or 008cp (see
Table 1 and 2), the sTF version with the DNA-binding protein, exemplified here by
BM3R1, and a terminator, exemplified here by the Trichoderma reesei TEFT1 ter-
minator. And 2) the target gene expression cassette comprises a number of sTF
specific binding sites, exemplified here by eight BM3R1-specific binding sites, dif-
ferent UCPs, exemplified here by either 114cp or 201cp (see Table 1 and 2), the
reporter gene coding region, exemplified here by the mCherry (red fluorescent pro-
tein) coding region, and a terminator, exemplified here by the S. cerevisiae ADH1
terminator. The coding region of the DNA binding protein, here BM3R1, was co-
don-optimized to fit the codon usage of Aspergillus niger. In the Example 3, the
expression system version containing 201cp and 008cp is referred to as “version
A’, and the expression system version containing 114cp and 533cp is referred to
as “version B”.

Figures 5A and 5B illustrate an example of a test of different versions of the sTFs
and assessment of modulation of the expression systems performance in Saccha-
romyces cerevisiae.

Figure 5A) The expression systems analogous to the one presented in Figure 4
were constructed with following modifications to the above described system: 1)
different DNA-binding proteins were used as parts of the sTFs (LexA, SrpR, PhiF,
TetR, BM3R1, and TarA, see Example 1); 2) different numbers of the sTF-specific
binding sites were used in the synthetic promoters of the target gene expression
cassettes (the version with 8 binding sites shown in the figure); 3) the individual
cassettes (the sTF expression cassette and the reporter cassette) were integrated
each in a single copy into the Saccharomyces cerevisiae genome in two separate
genomic loci (exemplified here by URA3 and LEUZ2); 4) the sTFs were expressed
from S. cerevisiae core promoter, here exemplified by TDH3 core promoter; 5) the
core promoter used in the reporter expression cassette was here exemplified by S.
cerevisiae ENO1cp.

Figure 5B) The strains with both expression cassettes integrated were tested for
level of fluorescence. Control expression systems were tested which have eight
sTF-specific binding sites and which lack the sTF expression cassettes (shown as
‘wo sTF” in the figure). The DNA-binding proteins, SrpR, PhIF, TetR, BM3R1, and
TarA, were codon-optimized to the codon usage of Saccharomyces cerevisiae. In
most of the cases, a clear modulation of the expression level of the target gene is
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demonstrated, which reflects the number of sTF-specific binding sites (0-8 as
specified in the figure) in the synthetic promoters of the target gene expression
cassettes.

Figures 6A and 6B depict examples of the analysis of the expression systems in
diverse fungal hosts. Quantitative analysis of the reporter gene expression deter-
mined by fluorescence flow cytometry (6A) and by fluorometry (6B). The con-
structed expression systems (Table 2) were integrated in a single copy into the
genomes of: Saccharomyces cerevisiae, Aspergillus niger, Trichoderma reesei,
Yarrowia lipolytica, Candida krusei (Pichia kudriavzevii), and Pichia pastoris (Ko-
magataella pastoris). The functionality of the system in all these organisms was
confirmed by fluorescent analysis of the transformed strains. The expression sys-
tems used for each organism are identical to those presented in Figure 4. The
strain identifiers in the figures (6A and 6B) mean the following: “WT” represents a
background strain of each expression host to which the expression systems were
not transformed; “A” represents strains with a version of the expression system (in-
tegrated in the genome in single copy) shown in Figure 4 containing 201cp and
008cp; “A*” represents strains with the expression system version A where the
DNA-binding part of the sTF was codon-optimized to match codons frequent in
Saccharomyces cerevisiae; “B” represents strains with a version of the expression
system (integrated in the genome in single copy) shown in Figure 4 containing
114cp and 533cp; “B*” represents strains with the expression system version B
where the DNA-binding part of the sTF was codon-optimized to match codons fre-
quent in Saccharomyces cerevisiae; “A_NC” and “B_NC” represent strains with
the negative-control-versions of the expression systems (A or B) (integrated in the
genome in single copy) where the sTF expression cassette was absent (deleted),
leaving only the target gene expression cassette (exemplified here with 8 BS +
201/114cp + mCherry + Sc-ADH1 terminator).

Figure 6A depicts the flow-cytometry analysis (DB FACSAria Il instrument) of the
mCherry expression in the hosts. It was performed on cells (for the unicellular fun-
gi - Saccharomyces cerevisiae, Yarrowia lipolytica, Pichia kudriavzevii, Pichia pas-
toris) or spores (for the filamentous fungi - Aspergillus niger, Trichoderma reesei).
The graphs show the fluorescence intensity (mCherry) normalized by the particle
(cell/spore) size (FSC — forward scatter) for 10000 cells/spores from each strain.
The horizontal line (inside the grey box) represents the median value, the grey box
represents the interquartile range (IQ range), the bottom of grey box represents
the 25% percentile value, the top of grey box represents the 75% percentile value,
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and the whiskers in box plot represent values that extend from 25% / 75% percen-
tile values to the highest and lowest values which are no greater than 1.5 times the
IQ range, which, together with the 1Q range, represent about 99% of all measured
instances (cells/spores) in these experiments.

Figure 6B depicts an example of the analysis of the mCherry expression in the
hosts. It was performed by fluorometry measurement using the Varioskan instru-
ment (Thermo Electron Corporation), on cell/mycelium suspensions after growing
18 hours in SCD medium. The graphs show fluorescence intensity (mCherry)
normalized by the optical density of cell/mycelium suspensions used for the fluo-
rometric analysis. The columns represent average values and the error bars
standard deviations from at least 3 experimental replicates.

Figures 7A, 7B, 7C and 7D depict examples of the analysis of the tunable expres-
sion levels in different hosts (Pichia kudriavzevii, Aspergillus niger, and Tricho-
derma reesei).

Figure 7A depicts an example (shown as a scheme) of the expression system with
variable number of sTF-binding sites used for modulation of reporter gene expres-
sion in Pichia kudriavzevii and Aspergillus niger. The expression system assem-
bled in a single DNA molecule comprises two expression cassettes (analogous to
those in Figure 4): 1) sTF expression cassette, which comprises a UCP, exempli-
fied here with the 008cp (see Table 1), the sTF version with the DNA-binding pro-
tein, exemplified here by BM3R1, and the activation domain, exemplified here by
VP16), and a terminator, exemplified here by the Trichoderma reesei TEF1 termi-
nator. And 2) the target gene expression cassettes, which comprise different num-
ber of sTF specific binding sites, exemplified here by 0, 1, 2, 4, and 8 BM3R1-
specific binding sites, different UCP, exemplified here by 201cp (see Table 1), the
reporter gene coding region, exemplified here by the mCherry (red fluorescent pro-
tein) coding region, and a terminator, exemplified here by the S. cerevisiae ADH1
terminator. The coding region of the DNA binding protein, here BM3R1, was co-
don-optimized to fit the codon usage of Aspergillus niger.

Figure 7B depicts the flow-cytometry analysis (DB FACSAria Il instrument) of the
mCherry expression in Pichia kudriavzevii and Aspergillus niger containing the ex-
pression systems with variable number of sTF-binding sites (0, 1, 2, 4, and 8). It
was performed on cells obtained from 18 hours cultivation in SCD medium (for
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Pichia kudriavzevii), or on spores obtained after 4 days of cultivation on PDA agar
plates (Aspergillus niger). The graphs show fluorescence intensity (mCherry) nor-
malized by particle (cell/spore) size (FSC — forward scatter) for 10000 cells from
each strain. The horizontal line (inside the grey box) represents the median value,
the grey box represents the interquartile range (IQ range), the bottom of grey box
represents the 25% percentile value, the top of grey box represents the 75% per-
centile value, and the whiskers in box plot represent values that extend from 25% /
75% percentile values to the highest and lowest values which are no greater than
1.5 times the 1Q range, which, together with the IQ range, represent about 99% of
all measured instances (cells/spores) in these experiments.

Figure 7C depicts an example (shown as a scheme) of the expression system with
variable number of sTF-binding sites used for modulation of the CBH1 protein pro-
duction in Trichoderma reesei. The expression system assembled in a single DNA
molecule comprises two expression cassettes (analogous to those in Figure 4 and
7A): 1) sTF expression cassette, which comprises a UCP, exemplified here with
the 533cp (see Table 1), the sTF version with the DNA-binding protein, exempli-
fied here by BM3R1, and the activation domain, exemplified here by VP16, and a
terminator, exemplified here by the Trichoderma reesei TEF1 terminator. And 2)
the target gene expression cassettes, which comprise different number of sTF
specific binding sites, exemplified here by 0, 1, 2, 4, and 8 BM3R1-specific binding
sites, different UCP, exemplified here by 201cp (see Table 1), the target gene cod-
ing region, exemplified here by the Trichoderma reesei CBH1 coding region (in-
cluding introns occurring in the native Trichoderma reesei CBH1 gene), and a ter-
minator, exemplified here by the S. cerevisiae ADH1 terminator. The coding region
of the DNA binding protein, here BM3R1, was codon-optimized to fit the codon us-
age of Aspergillus niger.

Figure 7D depicts western blot analyses of the CBH1 protein produced by Tricho-
derma reesei to different levels with use of the expression systems with variable
number of sTF-binding sites (0, 1, 2, 4, and 8). Two different culture conditions
were used, 1) a medium with spent-grain extract and lactose (“SGE-lactose” in the
Figure), which leads to strong upregulation of the native CBH1 gene expression (in
the background strain — WT), and 2) SCD (“*SCD” in the Figure), which has a
strong inhibitory effect on the native CBH1 gene expression (in the background
strain — WT). Equivalent of 15 ul of the 3-days-culture supernatant from each cul-
ture was loaded on a gel (4-20% gradient). The gel was transferred onto a nitrocel-
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lulose membrane, and the CBH1 protein was detected with specific (mouse) anti-
CBH1 primary antibody (and anti-mouse-IR680-conjugated secondary antibody),
and the visualization of the signal was performed on the Odyssey CLx Imaging
System instrument (LI-COR Biosciences).

Figures 8A and 8B depict the scheme of the expression system (8A) and the anal-
ysis of a reporter gene expression in Kazachstania exigua (8B).

Figure 8A depicts an example (shown as a scheme) of the expression system
used for Kazachstania exigua. The expression system assembled in a single DNA
molecule comprises two expression cassettes (Table 3): 1) sTF expression cas-
sette, which comprises a UCP, exemplified here with the Sc-TDH3cp (see Table
1), the sTF version with the DNA-binding protein, exemplified here by TetR, and
the activation domain, exemplified here by VP16, and a terminator, exemplified
here by the Kazachstania exigua g706 terminator. And 2) the target gene expres-
sion cassette comprises a number of sTF specific binding sites, exemplified here
by eight TetR-specific binding sites, different UCP, exemplified here by Sc-
ENO1cp (see Table 1), the reporter gene coding region, exemplified here by the
Venus (yellow fluorescent protein) coding region, and a terminator exemplified
here by the S. cerevisiae PDC1 terminator. The coding region of the DNA binding
protein, here TetR, and the coding region of the target gene, here Venus reporter,
were codon-optimized to fit the codon usage of Saccharomyces cerevisiae.

Figure 8B depicts an example of an analysis of the Venus expression in Ka-
zachstania exigua containing the expression system (described in Figure 8A, Ta-
ble 3). The expression cassette was integrated into the genome of the background
strain of Kazachstania exigua (“WT” in the Figure), replacing the native g706 cod-
ing region, to obtain the tested strain (“SES” in the Figure). The two strains (WT
and SES) were cultivated in the SCD medium for 10 hours, and the SES strain for
22 to reach the stationary phase (*“SES_stat” in the Figure). The transcription of
Venus and ADHT1 genes were analysed by gPCR, with the ALG9 gene being the
normalization control for expression quantification. The columns represent the av-
erage values and the error bars the standard deviations from 3 experimental repli-
cates.
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Figures 9A, 9B, 9C and 9D depict the analysis of the protein production in diverse
expression hosts (Trichoderma reesei and Pichia pastoris) containing the expres-
sion system.

Figure 9A depicts an example (shown as a scheme) of the expression system for
the CBH1 protein production in Trichoderma reesei. The expression system as-
sembled in a single DNA molecule comprises two expression cassettes (analo-
gous to those in Figure 4 and 7C): 1) sTF expression cassette, which comprises a
UCP, exemplified here with the 533cp (see Table 1), the sTF version with the
DNA-binding protein, exemplified here by BM3R1, and the activation domain, ex-
emplified here by VP16, and a terminator, exemplified here by the Trichoderma
reesei TEF1 terminator. And 2) the target gene expression cassettes, which com-
prise a number of sTF specific binding sites, exemplified here by eight BM3R1-
specific binding sites, different UCP, exemplified here by 114cp (see Table 1), the
target gene coding region, exemplified here by the Trichoderma reesei CBH1 cod-
ing region (including introns occurring in the native Trichoderma reesei CBH1 cod-
ing region), and a terminator, exemplified here by the Trichoderma reesei PDC1
terminator. The coding region of the DNA binding protein, here BM3R1, was co-
don-optimized to fit the codon usage of Aspergillus niger.

Figure 9B depicts an example of an analysis of the production of CBH1 in Tricho-
derma reesei containing the expression system (described in Figure 9A). The
background strain of Trichoderma reesei (‘“WT” in the Figure) was a mutant strain
harboring multiple deletions of the genes encoding 8 diverse proteases. The ex-
pression cassette was integrated into the genome of the background strain to ob-
tain the tested strain (“SES” in the Figure). The two strains (WT and SES) were
cultivated in the bioreactor (fermentor) in two different conditions: 1) in a medium
containing spent grain, spent-grain extract, and lactose (“SGM” in the Figure)
which leads to a strong upregulation of the native CBH1 gene expression (in the
background strain — WT) and other cellulolytic genes expression (in both strains),
and 2) in a medium containing yeast extract and glucose (“glucose” in the Figure)
which has a strong inhibitory effect on the native CBH1 gene expression (in the
background strain — WT) and other cellulolytic genes expression (in both strains).
The supernatants from these cultures were analyzed by the SDS-PAGE (SDS-
polyacrylamide gel electrophoresis) analysis, for total protein content (Coomassie)
and for the specific CBH1 content (western blot). For the total protein content
analysis, equivalent of 1,5 ul of different time-points culture supernatants, and the
range of purified CBH1 protein (loading control), were loaded on a gel (4-20% gra-
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dient), and the gel was stained with colloidal coomassie (PageBlue Protein Stain-
ing Solution; Thermo Fisher Scientific). For the CBH1 specific analysis, equivalent
of 0,075 l of different time-points culture supernatants, and the range of purified
CBH1 protein (loading control), were loaded on a gel (4-20% gradient), and the
CBH1 protein (after transfer onto a nitrocellulose membrane) was detected with
specific (mouse) anti-CBH1 primary antibody (and anti-mouse-IR680-conjugated
secondary antibody). For both analyses, the visualization of the signal was per-
formed on the Odyssey CLx Imaging System instrument (LI-COR Biosciences).
The protein concentration (in the culture supernatants) was estimated from the
range of purified CBH1 loaded on each gel, and the values are shown in the Fig-
ure.

Figure 9C depicts an example (shown as a scheme) of the expression system
used for Pichia pastoris for production of a protein product. The expression system
assembled in a single DNA molecule comprises two expression cassettes (analo-
gous to those in Figure 4): 1) sTF expression cassette, which comprises a UCP,
exemplified here with the 008cp (see Table 1), the sTF version with the DNA-
binding protein, exemplified here by BM3R1, and the activation domain, exempli-
fied here by VP16, and a terminator, exemplified here by the Trichoderma reesei
TEF1 terminator. And 2) the target gene expression cassette comprises a number
of sTF specific binding sites, exemplified here by eight BM3R1-specific binding
sites, different UCP, exemplified here by 201cp (see Table 1), the target gene cod-
ing region, exemplified here by the coding region of the fusion protein comprising
S. cerevisiae secretion signal (a-factor), KEX/spe13 protease cleavage site, car-
bohydrate-binding module (CBM), elastin-like protein (ELP5), and another CBM,
and a terminator exemplified here by the S. cerevisiae ADH1 terminator. The cod-
ing region of the DNA binding protein, here BM3R1, was codon-optimized to fit the
codon usage of Saccharomyces cerevisiae.

Figure 9D depicts an analysis of the production of CBM-ELP5-CBM in Pichia pas-
toris containing the expression system (described in Figure 9C). The strain was
cultivated in diverse conditions, and the supernatants from these cultures were
analyzed by the western blot. Equivalent of 22.5 ul of the culture supernatants
were loaded on a gel (4-20% gradient), and the CBM-ELP5-CBM protein (after
transfer onto a nitrocellulose membrane) was detected with specific (mouse) anti-
CBM primary antibody (and anti-mouse-IR680-conjugated secondary antibody).
The visualization of the signal was performed on the Odyssey CLx Imaging Sys-
tem instrument (LI-COR Biosciences).
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Selection of core promoters tested in Saccharomyces cerevisiae and other organ-
isms. The shaded sequences are the 3’-flanking regions added to the core pro-
moter sequences for screening or cloning purposes. The ATG (start codon) is un-
derlined. Sc - Saccharomyces cerevisiae origin; An — Aspergillus niger origin; Tr —
Trichoderma reesei origin; At - Arabidopsis thaliana origin; Cr - Chlamydomonas
reinhardtii origin; Mm - Mus musculus origin

DNA sequences of the selected UCPs and other CPs used for constructing the expression sys-

tems

Sc-THI4cp | ATCATGAAATTGATTTTTTGATTTTCAATTTATGAACTACCCAGATATATAAATATTGGAATAAATTGTGTATTAA
GTAGTCGGGAAATATCTTTTATGTTCTCTTTCTTATCATCTAGAAATAATAAATCACAACCAAAAAAATCAACTAA

G (SEQID NO: 1)

Sc-TEF1cp | CTCTTTCGATGACCTCCCATTGATATTTAAGTTAATAAACGGTCTTCAATTTCTCAAGTTTCAGTTTCATTTTTCT

TGTTCTATTACAACTTTTTTTACTTCTTGCTCATTAGAAAGAAAGCATAGCAATCTAATCTAAGT
SEQID NO: 2

Sc- AGCTGAAAAAAAAGGTTGAAACCAGTTCCCTGAAATTATTCCCCTACTTGACTAATAAGTATATAAAGACGGTA

TDH3cp GGTATTGATTGTAATTCTGTAAATCTATTTCTTAAACTTCTTAAATTCTACTTTTATAGTTAGTCTTTTTTTTAGTT
TTAAAACACCAAGAACTTAGTTTCGAATAAACACACATAAT (SEQID NO: 3)

Sc- TCTCCCCGGAAACTGTGGCCTTTTCTGGCACACATGATCTCCACGATTTCAACATATAAATAGCTTTTGATAAT

ENO1cp GGCAATATTAATCAAATTTATTTTACTTCTTTCTTGTAACATCTCTCTTGTAATCCCTTATTCCTTCTAGCTATTTT
TCATAAAAAACCAAGCAACTGCTTATCAACACACAAACAC: (SEQ D NO: 4

Sc- AAGGGGGTGGTTTAGTTTAGTAGAACCTCGTGAAACTTACATTTACATATATATAAACTTGCATAAATTGGTCAA

PGK1cp TGCAAGAAATACATATTTGGTCTTTTCTAATTCGTAGTTT AGATGCTTTCTTTTTCTCTTTTTTAC
AGATCATCAAGGAAGTAATTATCTACTTTTTACAACAA

An- TTCTCTTTTCTTAAGAATATGTTCAAAGACTAGGATGGATAAATGGGGTATATAAAGCACCCTGA

201205Cp | CCAAGTTCTATCTAACCAGCCATCCTACACTCTACATATCCACACCAATCTACTACAATTA
(SEQ ID NO: 6)

(201cp)

An- CGCCCCAAGAGAGCTGAAGATGCTGAGTAGGGTTGTCCAGGCAGCACATATATAAGATGCTTCGTCCCCTCC

53301cp CATCGAGTCCTTCTTTTCTCTCTCTCATCAATCACTCTACTTCCTACTCTACCTTAAACTCTTCACTACTTCATAC

G (SEQID NO: 7)
(533cp)
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An- TATAGTACTATTGATTTAGTATTGTTGTTGGATGTGCTGGTAGGTGTGTAGTATATATAGGAGATAGTAGAGGC
205017¢cp AGATGATGATGATGGTACTATTTTGAATCACCTCAAACGATACTATTCGCATCTTTGATAAAGATATCAAGAAAC
CAGAACAATCATTACTACTCTCCATAAGGATATATATATACTTTACATC:
An- AACCCAAAGTAATAAGTCTGTAGTAATTGGTCTCGCCCTGAATTCCAAACTATAAATCAACCACTTTCCCTCCT
00850c¢cp CCCCCCCGCCCCCACTTGGTCGATTCTTCGTTTTCTCTCTACCTTCTTTCTATTCGGTTTTCTTCTTCTTTTATTT
TCCCTCTCCCATCAATCAAATTCATATTTGAAAAAAATTAAC (SEQ ID NO: 9)
(008cp)
An- GGGGCGGAAACTTGAAACTGGACGCCTTGTGAACGGCGTATGTGGTATATAAGGAACCAAGTCCCGCTGTAG
1114556¢p | TCTTCGGTTCATCAGACCCAGCACAGCACAGCAACACAACATTACAGCATAGCAAGCACTTCTCTATATTTCTA
CACATCACAGCACATTTCTATACAGTTTACGTCTAATTATCTCCTG 3 (SEQ ID NO: 10)
An- GCCCTGCAGTGCCTGATCACCTTATCAAGTGGCCAAATATCCCACTATAAAAGGCTTGGGAACCCCTCGTTCT
1147651Cp | GTCTTACCTTCTATCATCTTACCAAATCCACTCCTCTTCCTTCATACATCAATCTTACCAATCAACTACCTCTACA
ACTCCAATACA (SEQ ID NO: 11)
(114cp)
An- GGCTACTCGGGTTTTAAGCCGTCTTAAAAGCCGACACGAATTAGTTATAAAAGACTCTGTACTTGAGCAGGATA
1178623Cp | TTCCTTCATTCTTTTCATTTAGATTGATATCGAATTCATTCTACAAGGATCGGATACTCTTCCATCCTTTATTTTG
TCTCTGTGAATCAAAC
An- AGGTAATGAATATTGGTTGCTGGCGGGCTGATCTTCTCCCGACACGTCTATATAAACTGGTCACCTTCTGGCC
57241¢cp CTTCCTTTCTATCTCTTCCTTCTCATCATCAGTCTCAAACAAGCCTCTTTCTCTCCTACCTTCACTCTCCACTTTC
TCCTTTCGAAAGGGATAAAACTCTCCTCCTCATTCTCACCTATATATACCTTGTGCT
NO: 13
An- GATTTCTAGAAATTTCTGCCCTTTACTTGCCTTCCCTCTTTGTCAACAAATATAAAGAGACTCCAATTCCCCTTC
06590c¢cp TCTGATTTCCAACATTTTTCATTCTCCACTTCAGAACCATCTGAAGGAGCTTGGCTGTCTCGCTTCTTCTTCTTT
CCTTCTTTACTAACATCCCTACCCCTCCTTAGAAAACCAAGTCTCTCCTCC SEQ ID NO: 14)
An- ACTTGGATGATGGAGGAGTTGATCGAGGTCAATGAGGAGAGGCTTGCAAGTATAAGAAGAGACTGCTCGACC
1141688Cp | AGCAGAATGGATCTTCTTGTTCATCAACCAAGAGTCCAAGGCTTCTTTGTCTGGTTCTATCTCTTCTCCGAACT
CTCTTGCTTGACATTCT SEQ ID NO: 15)
Tr- TAGCCAGCAGTGAAGAAGAGGGGAAGAAGATAAACCTGTAGGTTGGACAGAGTGTATAAAAGGGAGGGCTGT
123979cp GCCCAACGAGGAGCGAGATTAACTTTGGATTTGGAGCAGAACAATATTGGAATCACAAGAAGAAGGATCTCTG
Tr- TAGCCACATCCTTGGAGATCAGTTGCAGTCTATTCATTCAGGCTCAACATATAAAGATGGGATACTTCCAACAG

ATGATAGTTGTCAAACAACCTCTTTGATCCTACACAATTTGGCCCAAGACACACAAGACGCTCACATCTCCTAC
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112258¢cp CTAACCAAACAAAGAAAAAAACATCCACCAAC (SEQ ID NO: 17)

Tr- ATCTTACAAAGTTGCTTGGCAGTAAACCGTGCAATGGACACCAGGTATAAAGTCAGTGATATCCTCCCCGAATT

123236¢p CAAAGTTTCATCACCAAGCTCCTCAATCAACTCTACTTGAACAATACTACAAACAACCAAACCTCATTCAACAAC

. (SEQ ID NO: 18)

Tr- TAAACGGAATGAGCTAGTAGGCAAAGTCAGCGAATGTGTATATATAAAGGTTCGAGGTCCGTGCCTCCCTCAT

123989¢cp GCTCTCCCCATCTACTCATCAACTCAGATCCTCCAGGAGACTTGTACACCATCTTTTGAGGCACAGAAACCCA
ATAGTCAACCGCGGA

Tr- AACAGCCTGCGAGAGCTGGAAGATGAAGAGGGCCAGAAAAAAAAGTATAAAGAAGACCTCGATTCCCGCCAT

119989¢p CCAACAATCTTTTCCATCCTCATCAGCACACTCATCTACAACCATCACCACATTCACTCAACTCCTCTTTCTCAA
CTCTCCAAACACAAACATTCTTTGTTGAATACCAACCATCACCA (SEQ ID NO: 20)

Tr- GGTCTGGATGAAACGTCTTGGCCAAATCGTGATCGATTGATACTCGCATCTATAAGATGGCACAGATCGACTC

123232¢cp TTGATTCACAGACATCCGTCAGCCCTCAAGCCGTTTGCAAGTCCACAAACACAAGCACAAGCATA

{(SEQ ID NO: 21)

Tr-73638Cp | CCGGCACAAATCAGGAGCAACAGGCACTGCAAAATGACCTGGCAGTATATATAGACCTGACCGTATGAGTCTA
TTGTAGACATTCTAGCTAAGAGATCCGAGCCTAGTTCATAATACAGTAGTTGAGTTCATAGCAACTTCACTCTC
TAGCTGAACAAATTATCT]

Tr- GAGACGAGGCAAGCTTGATGAGGCCAAATTATCCGTCAACTGTCTTATAAAGGAGCCCATGCCAAACCCCCC

123818cp CTAAAGACTCAAGAAGCCAAACCTGAACAACCC ACAGTCATACAACCCCTCCAAGCCCAAAAG
ACACAACAACTCCTACTAGCTGAAGCAAGAA SEQ D NO: 23

Tr- CAGCAGTGAAGAAGAGGGGAAGAAGATAAACCTGTAGGTTGGACAGAGTGTATAAAAGGGAGGGCTGTGCCC

123979¢cp AGATTAACTTTGGATTTGGAGCAGAACAATATTGGAATCACAAGAAGAAGGATCTCTGTC

SEQ ID NO: 24)
Tr-69465Cp | GAAAAATGGTGAGGAGATCTGCCTTCGAGTGCGTGTAGAAAAATGTATATAAGGATGTGTTTCACTCAACTTGT
AGAATCGGTTCTCTAGCCGCGCTTTCAATTACTTCGAGACTTTCGCTTAAAATCGCCCTGCCA
3 (SEQ ID NO: 25)

Tr-49976¢Cp | TGCCCCTGGCGTTGCAAGCCGCGTACAACTGCCCTTTTACCTAGGTATAAAAGACCTGTAGTAACCAACTACT
ATTGCAATTCTTCTTCACGTGGGC CTTACACAAGGGCGCTGCAACTAATTGACTTGATCTTC
CATCTCGTGTCTTGCTTGTAACCA (SEQ ID NO: 26)

Tr- CTGTTAGGCTGTGAGTTATAAAGGTTGATGGATTGGGTCGAGGTTGTCAATGTCAGAGCATCTTACCTCTCAC

123946¢p GCTTCAATCTTACCTACACGCTTCCTCTCAATCCTTGAACACCAATTGTTGCTCTAGCGCCTATCCTTCACTCAT
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CACTCGCCTCGTACACTAAACTCTTCATCCCGAACAGACACGG (SEQ ID NO: 27)

At-CRATCD | AAGTCATAAATAGCAATTTAAGTGAAGTGTAAATTGTACATAGTCGACTCTATATACCTGGTTCTTATCTCATTC
AATTTATCCTCAACAACTTTAATAGAAAAATATCAAATAAATTCCCTATAAATAGCTTCACATAATGCAAGTGAGA
AACCACAAAAAGTAAGAAATATAAG

At- ATCCCCTCTGGCAAATTCTTATCCATTTGGGTTTTATTGGGCTTTTGAAATAATAAAGCCCATTAAGTTAGTTAC

RPL41Dcp | TAGGGTTTTGTTGTTGTTTAAAGGAGGAATAAGAGCGTAAGCTACAAAATCTTTCTATTCATCTCCGCCGCTCC
TCATCCTGTAAAGCTAAACAAATAATCAGAGGAACGAAGGAGACAGCTTCTGC:

29)

At-ATTI7cp | GAATTTGTGGTTCTCGTGAAGTCGTGATAATAGTTTGTCCAAGCGATAAATATAAAATAGTATTGCACCTCAAC
AAGTGTTAAGCATGCAAATCCATTTACGCATACATATTAACTCCGAGTGAAATATAAATATTAGAGAGTAGAGA
CAGAGAAAAAGACAGAGACAAAG &G (SEQ ID NO: 30)

At-THI1cp ATCGTTACTTTCCATTGATGGCTAAAAATTAAAATAATCACGATAAATATTAATAATACAAAAAACAATTAAAATA
ACAAAAAAAGATCAAAAATTCTCTAACCCTTCATTCCTTATCTCTGACGTGGCCATCAATCTTCAGATTTTCTTC

\ATTTAAATACTCAACAACCACTCTTCACTTCACCATCAGCATCACTAAACTCGAACCCTAAAG
SEQ D NO: 31)
At-MT2Bcp | GTGGACAAAGATCGTTGACACGTGGACGGTCTACAAATTCTAATTTTGCCTATAAATATCAAAGCTCCTGAATA
GATTATCGTTTAAGGCAAATTAAGATCATCTTCATAAATCTTCTCAGATCTCTTCCAAT
TTTCT: (SEQ ID NO: 32)

At- CCAAAATTGTAATTTACCGAGAATTGTAAATTTACCTGAAAACCCTACGCTATAGTTTCGACTATAAATACCAAA

TCTP1cp CTTAGGACCTCACTTCAGAATCCCC GTCTCTCTCCCGCAACCTTCGATTTTCGTTTATTCGCAT
CCATCGGAGAGAGAAAACAATCA t (SEQ ID NO: 33)

At- GAATTAACTTTTACTAGGCCAGAAGTGTAGCTAACATAGAAGAGGCCCATTATAAAACTCTTTAAAATCAAAATC

RPL26ACD | TAAAACAGGCCCAGCCCATTCATAACAAAGCCCTAATATATCGAGTAAACCTAGCTCCACTCAAAACCTAACTA
TATAACCTTCACACACACTCATAACCTCTTCCTCATCCCCTTAAAAAACCCTAAGAGTAGAGACTCTCTCAATCC

G (SEQ ID NO: 34)

At- ACCAATTTTTGACCGTCCGATGGAAACTCTAGCCTCAACCCAAAACTCTATATAAAGAAATCTTTTCCTTCGTTA

MEDS37EcCp | TTGCTTACCAAATACAAACCCTAGCCGCCTTATTCGTCTTCTTCGTTCTCTAGTTTTTTCCTCAGTCTCTGTTCT
TAGATCCCTTGTAGTTTCCAAATCT G (SEQ ID NO: 35)

At- ATACACTTTCAGAGCCCATTTAATAGGTTGCGTTGTTACTACGAACTCATTATAAATATGAACCGTAGCCCCAAT

AT1G1527 | CAGAGAGATTCGATACCGTCTGCAACTCTCAGCTACTTTTTCCCCAATTTTGAGCTCAACATCGAACCCTAGCT
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Ocp CAA (SEQ ID NO: 36)
At- TCTGCTTCTTAATTCGGTCTGGTACAGTATTATATTATCCACCTTTGAGAAAGAATAAATAATGGGCCTAAATTT
FKBP12¢cp CATCGAATTGGGTTTTGGATTATTGTTAGGCCCAGATAGGGTTTAGATCAAACAGCATGATAATTGATAAATAA
CAAA AAAGCTACTCCGAGATTCGAAGCTGCAAAGAACGCGAAACAGTGAGAGAGACAGAGA
GAA 3 (SEQ 1D NO: 37)
At- CAATTGCATGATGTCTCCATTGACACGTGACTTCTCGTCTCCTTTCTTAATATATCTAACAAACACTCCTACCTC
AT4G2514 | TTCCAAAATATATACACATCTTTTTGATCAATCTCTCATTCAAAATCTCATTCTCTCTAGTAAACAAG
Ocp
At- ATGCCATGTCACGACACAGTATCTAAAATCAACCAATCACAACGCGTCTTTATAGATAACTTGTTTTTTTATGGA
DRT112¢cp GTTTGCTTTTAGAGCCATCCATTGTCCTATCTCACTTTCTCTCTTTCACCACATAAAAACTCATAAACTCGATCG
AACCAAAGCTAAACGAAAAACTTAAAACCCAAATCTTATCACTACTCTAAAAGAE
39)
At- TTTTCACATTTACGTCTACAATCACAATGTATGTTATTTAGAACAATAATTATAGTGGCTTAAAAATCATTAATGA
AT1G1393 AAGTAGATAATAGTATACTTTTTCTTTTTCTTTGTGTGGCCAACATATCCATTTTCTAG
0 CCATCTCTTAACTCTTCCATCCAAAAAAAACAAAACAAAAAATTATATTCAAGAGAA.
NO: 40
At- TATTTAGTAAAGATAGGCCCAAACCACAAAACCCTAGAATGAAGATTATATATAGTGC.
RPL14Bcp | TTCCTCTGCTGTCGCTCGTCTACATTTACACTCGGAGCTTAGACCTTCCAATCTACCG
ID NO: 41)
At-PDF2cp | TTAAAAATG CAATTCTCTAATAGACTATCAAATATCCCGATACCTCTTTATATAGTGCCA
TGTACACACACACACATAACACTTATTTCCAACTCTGTCTCTCTCAATTTTCTTTCTCT
ID NO: 42)
Cr-elF-bA CGACGAAGGGATGTCTCCGCAAGGCAAGTATATAACGGCTAGCAACGTATGCCTTAGCATAGTAGAGCAATTA
cp GTTGTCTATGTGCCTCGGTGCAAGCGCACACGCCGGGAATAATGCGGCATGGGGGCTTCTGTTGGCCCCATG
CGAGCCCCCAGGAAGAAAAGTCGCGCGGCGCCCGTATTCTGCCCTCTTGCTGTGCCAACCTCCTAGTCGCTT
CTTCGCACTT (SEQ ID NO: 43)
Cr- GGATGGTGCCAAGGGTCCGGGTCACCGAGTAGCATTGGCCCACTCTAAGATATAAGTTGAGCCGTGTTTAAC
RPS27E1 TTGTTGCAACATCAGGCCTCGCGCGCAACGTCAGGAATGGCTGCATGGGGCCACCGTACCATGGCGCGGAG
cp ATTGTCGCTGAGCGCGACTCAGAGCTCCCTCTCCTTTTGCTGACCGCGGAGCCTGCCCCTC
53 (SEQ ID NO: 44)
Cr-RPS8 CTGTTCTGGACGGGTCCAATGAGCCCGCTCTAAATAAACGTCTAGGAGAAGCAGTTAACCTAAGGGAAGGTG
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cp GCAGCAGGGGAGAGAGGGAGAGAGGGAGCGGGTCCATTGCTCCAGGGCGAGCCGGAATGGGGCCGG
TGCCTGGGCTTTGTCCGGCTGCAGACACACGGCTCTTTCTCTTTCCATTCCTTAGGGGCTGGGAACGG:
Cr-RPS3A CCGAACTTGCTCTCGGTGTCATATTGCACCATCCCATCTTGTATAACCGATATAACATAGCTTCGAGTGTGCCG
cp ATAAATTATTGTGAGGGCGTCGGGGGGCGAGCTGAGGGAAATGGAGGGGGCACTCATCTCGGCCGCCCCTC
CCATCGCGACCTCGGCGCTCAAGCGGGGGTCCCGCACTCGCTTCGGTCTCTTTTGGTCAGCAGCCGTTTGTT
Cr-RPL17 AAGCGGACAGAAATTTAGTTCAGGAAGAATTGTCAGATTTGCTACTGGCATATAATTTTTTCTGCAGGGTCTGG
cp CGTGGAAGAATGCCAAATGGCGCGGAGCTGGCTGCATGGGGCGCCACCTCCCAGCAAGGGCCACCACTGCA
ACCTGCTCTTTCTCTTTCGTCGCGCCTTGCACGTAGCGTTA  (SEQ 1D NO: 47)
Cr-RPL19 AGAACGCGCCTAGTACTCATGCCACGAGAGTTTCATCATTCCAGCATGCATAATAAATTTGTCACTCAGGCAG
cp AGCATTTGCGGGGCGCGCAATGTTTAGCGGGGCCCAAAGTCGCCATCGCGGTCGCGCCCCCATGCAGCGTT
GGCTTTCAGGCGCGGGCGCACCTGGACTATCCCTTTCTTTGCGTCGTCCGCTTGCAAACAG
5 (SEQ 1D NO: 48)
Cr-RPS24 AGCGAGCGAACTAGTCTCGCGCCCCGGCCCCCCCGTCGCCAACAGACCGCTATAACCAAGTAATTTTGTGTG
cp GCTTTATTTGTATTGCTAAAAACCCCCGAGCGGGGTGAGCCCAAGACAAGAAACGAAGGCGGCCCCCTCCTG
GAGCAATGGGCGTCTGAGAGACGGGGCAAGACCAGGGAGAGTCCCAGCCTCCTCCCTCTTTCTCTTGGCAC
AC 5 (SEQ ID NO: 49)
Cr-RPS15 TCTAGGAGGGGTTTTCCCTTGTTTAGCCCTATATAACGTAAAGCTCACACTTTGAATGAGCAACATAAATTATAT
cp TTAGTGCGAAAGCCGGCTATGAAAATGGACATGGGGATCGCGATGGGCGCCCCCGCGCCCTGGCGGCGGTG
TGCACAGGAGCGAGGCCCTCGCCTGCTCCTTCCTCTTTCTCTCGCCGTCAGGCTCGTAGTTTCAAAA
(SEQ ID NO: 50)
Cr-ATPC CGTGCAAGCTACTCCCAGGCTCCTGCATTCTATAAGCGTAATTTTATGCCGGGTATGCTTGTGATTTGACGAA
cp GATCTACTCGACGGCGTTCTGGTGGGCAAAATCGGAGGCAAACCCAATTGGCCCCCCTGGAGTGATAAGTCC
' CAAGTGCGCAAGTGAAGCCTTGAACTGCGCCTTTCCTTGCACCTTGTTCGCCGCTCTTTCTA:
5 (SEQ 1D NO: 51)
Cr-RPS9 GCAGAAGGGTGCCAAAGGGAGGCTCTAAGCAGTCCAGGCGGGCACAAACATATAAAGCTGAAGCTAGTGGTA
cp TACCTAAATTAATTTTGGGGCGCTCCACTGAAAAATGGACTGCCTGCATGGGCCCTGTACGGCTTCGCC C
GAGCCCGGTGCAAGGGCCGCGACCGTGCATAAGTCTCTCTCTTTCAAGTTGGCAGAGGGAGCGCCAGE
5 (SEQ 1D NO: 52)
Cr-RPL10a | CTGGGCCTTACTTTCATCATAGGGAAAGCATAAATCATAACAGTGTAGTTTATATTATGCATGATGTCTTCCGC
AGAAGAGGCACCGTGATGCCCACCGCCCCCATGCATCAATTGTGAGGGTCAAGAGCGCCCGCGGACCCCTG
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cp GACATTCCTTTTCCTTGGGTG i (SEQ ID NO: 53)
Cr- CGCGCGGCGTCCAGAAGGCGCCATACGGCCCGCTGGCGGCACCCATCCGGTATAAAAGCCCGCGACCCCG
HSP70A AACGGTGACCTCCACTTTCAGCGACAAACGAGCACTTATACATACGCGACTATTCTGCCGCTATACATAACCA
cp CTCAACTCGCTTAAGAG 4 (SEQ ID NO: 54)
Cr-VIP1 cp | CAGCTGCGGGCAGGCCGGCTGCATGGCTTGCTTCTGGAGAGGGCCAATTGTAATTACCGCTTTCCTGC
CCAAGAGCCCCCTACAACCTACGCACTTTAAAATCACATACAGCCTGTGGCCCAACTTCCTTGTTAGTC
(SEQ ID NO: 55)
Cr-NPCA1 CCTGGTAAATATTCTGCGCCGCTTTCGTAACAGGTGCAGGCGCAGGTAGCTATACAAATATGGTCGCGGCTG
cp CAAATGCGGGGGGAGGAGGAGTACTTGCATGGGTCGCCCGCGATCGGCACTCCCGCTCGGTCCCCGACTGA
ACACCCGCGCGAGCCCCGTGGTTCCCCCCTTTTCAACATTAGCCAACTCGACCCCAGTCGACTTTTCTCGTCG
Cr-AAA1 TCGCCATTGGGGGCCGCATGGGGCCCTGGAGCACCGAAAGTGCAGAGCTCTATAGAGCGCCACTCGTTCTT
cp CTTGCCTCTTCACTAGCCCGCCCACAATAATTGGGTTGCAGTCAAGTGAGTGCGTAGCTTCACAGCAGGGTCT
ATAGGGCCCCGACACTTGCACCAAACCTGCCGATCACAAGC, (SEQ ID NO: 57)
Mm-Eef2cp | CCGGACGAGCACCCGGCGCCGTCACGTGACGCACCCAACCGGCGTCGACCTATAAAAGGCCGGGCGTTGAC
GTCAGCGGTCTCTTCCGCCGCAGCCGCCGCCATCGTCGGCGCGCTTCCCTGTTCACCTCTGACTCTGAGAAT
(SEQ ID NO: 58)
Mm- TCCCCCTCTCCGAGAGGCAGGGTTCCTCCCAGCTCTCCATCAAGATGGTATAAAAGGGGCCCAGGCCAGTCG
Coltatcp TCGGAGCAGACGGGAGTTTCTCCTCGGGACGGAGCAGGAGGCACGCGGAGTGAGGCCACGCATGAGCCGA
AGCTAACCCCCCACCCCAGCCGCAAAGAGTCTACATGTCTAG G (SEQ ID NO: 59)
Mm-Rpl4cp | CTCTAATTTGATTTTGATAAGGGGCAGGATGCGGAAGACGAGTGGAAGGATAT
CTTTCCTTTTCCTGTGGGAGCAGCCGGGTAGAGAGGAGCGTGGCCTTCTCCTE
60)
Mm- TAGAGAGGCTCCCTGAATTAAACTTTGCAGGTTAGTTTCTGTTGGTGGTATATAAAATGAGTCAACCGCCGGT
Fabp9cp GCCTGGAATCTCAGATTCCTGGCAGCCCATTGGTTGCTTCAGGAATGCCACGTGACAAAGATGTTCTTTAAAA
GAAGGGGCTGGCGGCACAGCGATGCCCACACTTCATGGTTT (SEQ ID NO: 61)
Mm-Vimep | GCTCGGCGGCTAGGATGGCAGTGGGAGGGGACCCTCTTTCCTAACAGTGTTATAAAAGCAGCGCCCTTGGC
GTTGTCCAGTCCTCTGCCACTCTTGCTCCGGGACCCCAGAGACCCCAGCGCTCCTACGATTCACAGCCACCG
CGCCCTCATTCCCTTGTTGCAGTTTTTCCAGCCGCAGCAAGCCAGCCCACC?
62)
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Mm- GTCGGGCATCGATTGGTCGGCGCGGTCCCATAAGAAGCTGCGCGCAGGCGTATATGATCTTTTCCTCAGCTG

Rplpicp CCGCCAAGGTGCTCGGTCCTTCCGAGGAAGCTAAGGCCGCGTTGGGGTGAGGCCCTCACTTCATCCGGCGA
CTAGCACCGTGCCGGC

Mm- ATTGGCACCAGTTTAGACCAATAGCTGATAAGCTCCGAGTTTTTTTACCCTATAGAAGCGTTAGTGGTGATGAC

Atp5bcp GAACAGCAAAATCACCCAATTACTGTGCCTACGGCGGAGGTTGCCCCGCCCCAGCTGCAGGACCGGCGGAG
AGGACCGCTTCGGCGCTCAGTCTCCACCCG:

Mm-Ppticp | TGTAAAATGAGAGCAGTGCATAAGATCAATTAAAAGATGGAAAGCCCTTATATAGTAGAGTCTGGTGGGTGTTA
AGCAATGAATAAACGTCTCTGTCAGGATGCAGAGCCCGGCAGGGGGCGTGGCCACCGGAATTACTTTGGTCC
ACAGTCCCCGCGGTCATGTG; SEQ ID NO: 65)

Mm- GACTGGTCACCTCTGCTCCAAAATTGACTTTATAATCCATAGACTCCACTTCTGGTGGCCCCCATCCTTGTCCT

Lgalsicp GACATGCAATTGGCTGAACTCCCGGGGAGGGGCGGGACTCACCGGGTCTGATCCAGTTAAAAAGGTCGGAG
CGGGCCTGGGGCCCGTCTCTCGGGTGGAGTCTTCTGACTGCTGGTGGAGCAGGTCTCAGGAATCTCTTCGC
TTC (SEQ ID NO: 66)

Mm-Fth1cp | GGCCAGCGCTCGCCTGACGCAGGATCCCGCTATAAGTGCGGCCCGCTGTCCCCTCCTGCGCCAGACGTTCT
CGCCCAGAGTCGCCGCGGTTTCCTGCTTCAACAGTGCTTGAACGGAACCCGGTGCTCGACCCCTCCGACCC
CCGCCG CCTGAGCCCTTTGCAACTTCGTCGTTCCGCCGCTCCAGCGTCGCCACCGCGCCT

(SEQ ID NO: 67)
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DNA sequences of some of the tested inter-species transferable expression sys-
tems. The functional DNA parts are indicated: 8xBM3R1 binding site (m

[o]E=Yel Qllglle]glile]qli); core promoters

(underlined); mCherry coding region

): BM3R1-sTF

(

: terminators

DNA sequences of the tested inter-species transferable expression systems

8BS(BM3R
1)-201¢p-
mCherry +
008cp-
BM3R1_sT
F

GCATTTGCTCGGCTAGT[HECLVNICLV AN RIS ARG ACACCTAGGATGT GAMCICLV N e c(cI RIeZ N Relelc C
ACTCTAGATAAGCA[SclcLVN LA BRIV OE CTGAAGCTTGTCAAT SClCRVNIC VCICI IO RIeelc CGCTA
G S R YRl AGACCTAGGAT G TG A YN I CaR (7 A m[e]e]e| GACTC TAGATAAGCAS
e NI NN I7 RIS CTGAAGCTTGTCAATSEIC N KCLY.XCCIRIT NN E GCTAGTTCTCCCCGGAAAC
TGTGGCCATATGTTCAAAGACTAGGATGGATAAATGGGGTATATAAAGCACCCTGACTCCC

CCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTGCGCGTCGAGGCT
AACAACCCAAAGTAATAAGTCTGTAGTAATTGGTCTCGCCCTGAATTCCAAACTATAAATCAACCACTTTCCCT
CCTCCCCCCCGCCCCCACTTGGTCGATTCTTCGTTTTCTCTCTACCTTCTTTCTATTCGGTTTTCTTCTTCTTTT
ATTTTCCCTCTCCCATCAATCAAATTCATATTTGAAAAAAATTAACCATTAATTAACA ;

GCCC  (SEQ

ID NO: 68)

8BS(BM3R
1)-114cp-
mCherry +
533cp-
BM3R1_sT

GCATTTGCTCGGCTAGT[HECLVNICLV AN RIS ARG ACACCTAGGATGT GAMCICLV N e c(cI RIeZ N Relelc C
ACTCTAGATAAGCASclcLV N IS BRI N e CTGAAGCTTGTCAAT Sl N IC VACIC] IO N RIelelc GCTA
G T S R YRl AGACCTAGGAT G TG A YN Y Y EaR [ A m[e]e]e| GACTC TAGATAAGCAE
e NI NN I7 RIS CTGAAGCTTGTCAATSEIC N KCLY.XCCIRIT NN E GCTAGTTCTCCCCGGAAAC
TGTGGCCATATGCCCTGCAGTGCCTGATCACCTTATCAAGTGGCCAAATATCCCACTATAAAAGGCTTGGGAA
CCCCTCGTTCTGTCTTACCTTCTATCATCTTACCAAATCCACTCCTCTTCCTTCATACATCAATCTTACCAATCA
ACTACCTCTACAACTCCAATACACTTAATTAA
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F
CCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTGCGCGTCGAGGCTAGCCGCCCCAAGAGAGCTGAAGATG
TCATCAATCACTCTACTTCCTACTCTACCTTAAACTCTTCACTACTTCATACGATTAACA;
Table 3:

DNA sequence of the expression system tested in Kazachsitania exigua and Sac-
charomyces cerevisiae. The functional DNA parts are indicated: 8xTetR binding

site (IR ekt qllelglllelgl)); core promoters (underlined); Venus coding region

; terminators ( ; TetR-sTF (

cerevisiae

DNA sequence of the expression system tested in Kazachstania exigua and Saccharomyces

8BS(TetR)-
ENO1cp-
Venus  +
TDH3cp-
TetR_sTF

GCTAGCIAISAN IR Y PXCEeTXERIAT TGACAAGC T TIIS KN IZ NS KE LY PIE[C TN GG CTTATC TAGALLS

CTATCACTGATAGGGAGTIISZNISGINEC TCTCTATCACTGATAGGGAGTINHREI® TCTCTATCACTGATAGG

TCCTAGGIAR NS L NP XElC(ETXENACTAGTICTCCCCGGAAACTGTGGCCTTTTCTGGCACACATGATC
TCCACGATTTCAACATATAAATAGCTTTTGATAATGGCAATATTAATCAAATTTATTTTACTTCTTTCTTGTAACAT
CTCTCTTGT,
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A AAGTATATAAAGACGGTAGGTATTGATTGTAATTCTGTAAATCTATTTCTTAAACTTCTTAAATT

CTACTTTTATA

A (SEQ ID NO: 70)

Table 4:
DNA sequences of the expression systems tested in Nicotiana benthamiana. The

functional DNA parts are indicated: 8xsTF binding site (JUallEREY Melt=te qallslallfe]all) ;

core promoters (underlined); mCherry coding region
terminators ( ; STFs (¢

DNA sequence of the expression system tested in Nicotiana benthamiana

CATTTGCTCGGCTAGT[HCICL N ICLV A Y RIS RRHHC AGACCTAGGATGTGAEICLVNICLVACICR NI RIelelc CA
8BS(BM3R | CTCTAGATAAGCATEELYNICTY Y ppfelN g [olelelC TGAAGC TTGTCAA TRVl R [T NREIEGC TAG

1)- At-
ATTI7¢cp -
mCherry +
At-

RPL41Dcp

ACAGAGAAAAAGACAGAGACAAAGTTAATTAAA

BM3R1_sT
F

TTTGGGTTTTATTGGGCTTTTGAAATAATAAAGCCCATTAAGTTAGTTACTAGGGTTTTGTTGTTGTTTAAAGGA
GGAATAAGAGCGTAAGCTACAAAATCTTTCTATTCATC
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ATTTAAATCAAGCCCGGG (SEQ ID NO: 71
CATTTGCTCGGCTAGCIHSATN{O XK NVXelelelXelIA TT GACAAGC T TIORANIS ST XYY GGCTT
SI=NIQEEI Y R W N VX TCTC TATCACTGATAGGGAG T X NISGIFEle 1 CTCTATCACTGATAGGGAG TIXRINE TCTCTA
At-ATTI7¢cp
-mCherry +
At-
RPL41Dcp
—TetR_sTF
G TAAGTTAGTTACTAGGGTTTTGTTGTTGTTTAAAGGAGGAATAAGAGCGTAA
GCTAGAAAATCTTTCTATTCAT
JATTTAAATCAAGCCCGGG
(SEQ ID NO: 72)
Table 5:

DNA sequences of the expression systems tested in Chlamydomonas reinhardiiil.
The functional DNA parts are indicated: 8xsTF binding site (
); core promoters (underlined); mCherry coding region
; terminators (
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DNA sequence of the expression system tested in Chlamydomonas reinhardtii

8BS(BM3R
1)- Cr-elF-
5Acp -
mCherry +
Cr-
RPS3Acp
BM3R1_sT
F

GCATTTGCTCGGCTAGT[HECLVNICLV AN RIS ARG ACACCTAGGATGT GAMCICLV N e c(cI RIeZ N Relelc C
ACTCTAGATAAGCASclcLV N IS BRI N e CTGAAGCTTGTCAAT Sl N IC VACIC] IO N RIelelc GCTA

TGCGACGAAGGGATGTCTCCGCAAGGCAAGTATATAACGGCTAGCAACGTATGCCTTAGCATAGTAGAGCAAT
TAGTTGTCTATGTGCCTCGGTGCAAGCGCACACGCCGGGAATAATGCGGCATGGGGGCTTCTGTTGGCCCCA
TGCGAGCCCCCAGGAAGAAA
IT

TTTAAATGGCCCGAACTTGCTCTCGGTGTCATATTGCACCATCCCATCTTGTATAACCGATATAACATAG
CTTCGAGTGTGCCGATAAATTATTGTGAGGGCGTCGGGGGGCGAGCTGAGGGAAATGGAGGGGGCACTCAT
CTCGGCCGCCCCTCCCATCGCGACCTCGGCGCTCAAGCGGGGGTCCCGCACTCGCTTCGGTCTCTTTTGGT

( . 73)

8BS(TetR)-
Cr-elF-5A-
cp-
mCherry +
Cr-
RPS3Acp
—TetR_sTF

TTGCTCGGCTAGCHSIAr Y7 AR RN PE[C[ETNEYIAT TGACAAGCT THICEALYAY AL LAPXC[ETNENCGGCTTATC
ILER TCTCTATCACTGATAGGGAG TSI NINEIC TCTCTATCACTGATAGGGAGTINAIXE[® TCTCTATCAC

CGCAAGGCAAGTATATAACGGCTAGCAACGTATGCCTTAGCATAGTAGAGCAATTAGTTGTCTATGTGCCTCG
GTGCAAGCGCACACGCCGGGAATAATGCGGCATGGGGGCTTCTGTTGGCCCCATGCGAGCCCCCAGGAAGA
AAAGTCGCGCGGCGCCCGTATTCTGCCCTCTTGCTGTGCCAACCTCCTAGTCGCTTCTTCGCACTTTTTAATT

CATTTAAATGGCCCGAAC
T CGAGTGTGCCGATAAAT
TATTGTGAGGGCGTCGGGGGGCGAGCTGAGGGAAATGGAGGGGGCACTCATCTCGGCCGCCCCTCCCATC

GCGACCTCGGCGCTCAAGCGGGGGTCCCGCACTCGCTTCGGTCTCTTTTGGTCAGCAGCCGTTTGTTGACTA
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Table 6:

DNA sequence of the expression systems tested in Chinese hamster ovary cells
{CHO cells - Cricetulus griseus). The functional DNA parts are indicated: 8xsTF
binding site (Wl ); core promot '
coding region ; terminators

; mCherry

8BS(BM3R
1)- Mm-

CGGACGAGCACCCGGCGCCGTCACGTGACGCACCCAACCGGCGTTGACCTATAAAAGGCCGGGCGTTGACG
Eef2-cp - | TCAGCGGTCTCTTCCGCC
c

mCherry +
Mm-Atp5b-
cp -
BM3R1_V
P64

TGATGACGAACAGCAAAATCACCCAATTACTGTGC
CTACGGCGGAGGTTGCCCCGCCCCAGCTGCAGGACCGGCGGAGAGGACCGCTTCGGCGCTCAGTCTCCAC
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Examples

Example 1
The bacterial DNA-binding proteins and their binding sites used in the ex-
pression systems:

- LexA (transcription repressor from Escherichia coli; GenBank: EDV67321.1)
LexA binding sites (regardless of the DNA strand):
CTGTATATAAACACAG (SEQ ID NO: 76);

CTGTATATATACCCAG (SEQ ID NO: 77);
CTGTATATAAAACCAG (SEQ ID NO: 78);
GTGGTTATATATACAG (SEQ ID NO: 79)
- SrpR (transcriptional regulator from Pseudomonas putida; NCBI Reference
Sequence: WP_019437727.1)
SrpR binding sites (regardless of the DNA strand):
ATATACATACATGCTTGTTTGTTTGTAAAC (SEQ ID NO: 80);
ATTTACATACATTCTTGTTTGTTTGTAAAC (SEQ ID NO: 81)
- PhIF (transcriptional regulator from Pseudomonas protegens; GenBank:
AAF20928.1)
PhIF binding sites (regardless of the DNA strand):
ATGATACGAAACGTACCGTATCGTTAAGGT (SEQ ID NO: 82);
ATGATACGGAACGTTACGTATCGTTAAGCT (SEQ ID NO: 83);
ATGATACGGAAGCTACCGTATCGTAAAGGT (SEQ ID NO: 84);
ATGATACGTAACGTACCGTATCGTAAAGGT (SEQ ID NO: 85)
- TetR (transcriptional regulator from Escherichia coli, GenBank:
EFK45326.1)
TetR binding site (regardless of the DNA strand):
ACTCCCTATCAGTGATAGAGA (SEQ ID NO: 86)
- BM3R1 (transcriptional regulator from Bacillus megaterium; NCBI Refer-
ence Sequence: WP_013083972.1)
BM3R1 binding sites (regardless of the DNA strand):
CGGAATGAAGGTTCATTCCG (SEQ ID NO: 87);
CGGAATGAACTTTCATTCCG (SEQ ID NO: 88);
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CGGAATGAACATTCATTCCG (SEQ ID NO: 89);
CGGAATGAACGTTCATTCCG (SEQ ID NO: 90)

- TarA (transcriptional regulator Streptomyces lavenduligriseus; NCBI Refer-

ence Sequence: WP_030788560.1)

TarA binding sites (regardless of the DNA strand):
AACATACCGTGTGGTATGTT (SEQ ID NO: 91);
AACATACCGAGTGGTATGTT (SEQ ID NO: 92);
AACATACCGTGAGGTATGTT (SEQ ID NO: 93);
AAACATACCGTGTGGTATGTTC (SEQ ID NO: 94)

- Lacl (lac repressor from Escherichia coli; NCBI Reference Sequence:

WP_048339836.1)
Lacl binding site (regardless of the DNA strand):
AATTGTGAGCGGCTCACAATT (SEQ ID NO: 95)

Example 2

Test of different versions of the sTFs and assessment of modulation of the
expression system performance in Saccharomyces cerevisiae. (Figure 5)

The expression systems (individual expression cassettes for the sTFs and for the
reporters) were constructed as two separate DNA molecules (plasmids) (Figure
5A). The plasmids with the expression cassettes for each sTF contained: 1) the
Saccharomyces cerevisiae codon-optimized coding region of the DNA binding pro-
tein (LexA, PhIF, SrpR, TetR, BM3R1, and TarA; Example 1) in each sTF coding
region, 2) NLS and the VP16 activation domain in each sTF coding region, 3) the
Sc-TDH3cp (Table 1) controlling the expression of each sTF, 4) the URA3 selec-
tion marker gene (of Kluyveromyces lactis origin), 5) the flanks for integration into
the genome by homologous recombination into the ura3-52 locus (for replacing the
mutated coding region of the locus), 6) regions needed for propagation of the
plasmid in E. coli. The plasmids with the reporter cassettes contained 1) the Sac-
charomyces cerevisiae codon-optimized coding region of the Venus (yellow fluo-
rescent) protein, 2) the Sc-ENO1c¢p (Table 1) controlling the expression of Venus
together with 3) upstream positioned sTF-specific binding sites (0, 1, 2, 4, or 8)
(Example 1), 4) the LEUZ selection marker gene (of Kluyveromyces lactis origin),
5) the flanks for integration into the genome by homologous recombination into the
leu2-3_112 locus (replacing the mutated coding region of the locus), and 6) re-
gions needed for propagation of the plasmid in E. coli.
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Saccharomyces cerevisiae CEN.PK (MATaq, ura3-52 leu2-3 112 hisBA1 MAL2-8C
SUC2) was used as the parental strain. The expression cassettes (Figure 5A)
were introduced into cells through transformation of the linearized integrative
plasmids, the sTF and the corresponding reporter expression cassettes were
transformed into a single strain. Each integration cassette was released by Nof
restriction endonuclease from the plasmid prior to the transformation. Transfor-
mations were performed using the standard lithium acetate protocol. The single
copy integrations were confirmed by gPCR, where the gPCR signal of the Venus
gene was compared to a gPCR signal of a unique native sequence in each strain.

For all cultivations, 6.7 g/L of yeast nitrogen base (YNB, Becton, Dickinson and
Company), synthetic complete amino acid mixture lacking uracil and leucine sup-
plemented with 20 g/L D-glucose (SCD-LU) was used. In case of agar plate culti-
vations, 20 g/L agar was used in addition to the above mentioned components.

Pre-cultures of the tested strains were grown for 24-48 hours on the SCD-LU agar
plates prior to inoculation of 4 ml of SCD-LU in 24-well cultivation plates to
OD600=0.2. The cultures were grown for 18 hours at 800 rpm (Infors HT Micro-
tron) and 28°C in triplicates, centrifuged, washed, and resuspended in 0.2 ml of
sterile water. Two hundred pul of the cell suspension was analysed in black 96-well
(Black Cliniplate; Thermo Scientific) using the Varioskan (Thermo Electron Corpo-
ration) fluorimeter. The settings for Venus were 510 nm (excitation) and 530 nm
(emission), respectively. For normalization of the fluorescence results, the ana-
lyzed cell-suspensions were diluted 100x and OD600 was measured in transpar-
ent 96-well microtiter plates (NUNC) using Varioskan (Thermo Electron Corpora-
tion).

The results from the fluorescent analysis are shown in Figure 5B.

Example 3

Quantitative analysis of the expression system performance in diverse fun-
gal hosts (Figure 6)

The expression systems (Table 2, Figure 4) and their negative control versions
(the expression systems with deleted regions spanning the core promoter control-
ling the sTF and the sTF itself) were cloned into plasmids introducing selection
markers and genome-integration flanks for 6 different species. 1) Saccharomyces
cerevisiae CEN.PK strain was used as the parental strain. The expression sys-
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tems (including the versions with the Saccharomyces cerevisiae codon-optimized
coding region of the DNA binding protein, BM3R1), including the LEUZ selection
marker gene (of Kluyveromyces lactis origin), were integrated into the leu2-3_112
locus (replacing the mutated coding region of the locus) using the corresponding
flanking regions for homologous recombination. The transformations were done by
the standard lithium acetate protocol. 2) Aspergillus niger ATCC1015 strain was
used as the parental strain. The expression systems, including a hygromycin-
resistance selection marker gene with a suitable promoter and terminator, were in-
tegrated into gaaC locus (replacing the native coding region) using the corre-
sponding flanking regions for homologous recombination. The transformations
were carried out by using the CRISPR transformation protocol (see below), includ-
ing: protoplasts of the A. niger strain, linear donor DNA (expression cassette with
the selection marker and the integration flanks), protein Cas9 (IDT) and mix of
synthetic crRNA and tracrRNA (IDT). Cas9, crBRNA and tracrRNA form a ribonu-
cleoprotein (RNP) complex that generates a double-stranded brake at the target
genomic locus which is then repaired with the linear donor DNA by homologous
recombination. 3) Trichoderma reesei strain M124 (VTT culture collection) was
used as the parental strain. The expression systems, including a hygromycin-
resistance selection marker gene with a suitable promoter and terminator, were in-
tegrated into pep4 locus (replacing the native coding region) using the correspond-
ing flanking regions for homologous recombination. The transformations were
done by using the CRISPR transformation protocol (see below), including: proto-
plasts of the T. reesei strain, linear donor DNA (expression cassette with the se-
lection marker and flanking regions) and RNP complex that generates a double-
stranded brake at the target genomic locus which is then repaired with the linear
donor DNA. 4) Pichia kudriavzevii ATCC 32196 strain was used as the parental
strain. The expression systems, including a hygromycin-resistance selection
marker gene with a suitable promoter and terminator, were integrated into PDC1
locus (replacing the native coding region) using corresponding flanking regions for
homologous recombination. The transformations were done by using the standard
lithium acetate protocol. 5) Pichia pastoris X-33 strain (Invitrogen) was used as
the parental strain. The expression systems (with the coding region of the DNA
binding protein, BM3R1, that was codon-optimized to fit the codon usage of Sac-
charomyces cerevisiae), including a zeocin-resistance selection marker gene with
suitable promoter and terminator, were integrated into the AOX7 locus (integration
into the AOX1 promoter region) using the corresponding flanking regions for ho-
mologous recombination. The transformations were done by using the standard
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lithium acetate protocol. 6) Yarrowia lipolytica C-00365 (VTT culture collection)
was used as the parental strain. The expression systems, including a nourseothri-
cin-resistance selection marker gene with a suitable promoter and terminator,
were integrated into the ANTT locus (replacing the native coding region) using the
corresponding flanking regions for homologous recombination. The transfor-
mations were done by using the standard lithium acetate protocol.

The CRISPR transformation protocol: Isolated protoplasts were suspended into
200 pl of STC solution (1.33 M sorbitol,10 mM Tris-HCI, 50 mM CacCl,, pH 8.0).
One hundred pl of protoplast suspension was mixed with 3.5 ug of donor DNA and
20 pl of RNP-solution (1uM Cas9 protein (IDT), 1uM synthetic crRNA (IDT), and
1uM tracrRNA (IDT)) and 100 pl of the transformation solution (25% PEG 6000, 50
mM CaCl,, 10 mM Tris-HCI, pH 7.5). The mixture was incubated on ice for 20 min.
Two ml of transformation solution was added and the mixture was incubated 5 min
at room temperature. Four ml of STC was added followed by addition of 7 ml of
the molten (50°C) top agar (200g/L D-sorbitol, 6.7 g/L of yeast nitrogen base
(YNB, Becton, Dickinson and Company), synthetic complete amino acid, 20 g/L D-
glucose, 400 mg/L (for A. niger) or 100 mg/L (for T. reesei) of hygromycin B, and
20g/L agar). The mixture was poured onto a hygromycin selection plate (200 g/L
D-sorbitol, 6.7 g/L of yeast nitrogen base (YNB, Becton, Dickinson and Company),
synthetic complete amino acid, 20 g/L D-glucose, 400 mg/L (for A. niger) or 100
mg/L (for T. reesei) of hygromycin B, 20 g/L agar). Cultivation was done at +28 °C
for five or seven days, colonies were picked and re-cultivated on the YPD plates
containing 400 mg/L (for A. niger) or 100 mg/L (for T. reesei) of hygromycin B.

The correct integrations were confirmed by PCR of the genomic DNA of each
transformed strain, where the amplicon (amplified DNA region) spanned the inte-
grated construct and the genomic DNA outside of the integration flanks. The single
copy integrations were confirmed by gPCR, where the gPCR signal of the mCher-
ry gene was compared to a gqPCR signal of a unique native sequence in each
host.

For the liquid cultivations, 6.7 g/L of yeast nitrogen base (YNB, Becton, Dickinson
and Company), synthetic complete amino acid supplemented with 20 g/L D-
glucose (SCD) was used. In case of agar plate cultivations, solidified medium con-
taining 20 g/L agar, 20 g/L bacto peptone (Becton Dickinson), 10 g/L yeast extract,
and 20 g/L D-glucose (YPD plates). To obtain spores of the filamentous fungi,
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PDA agar plates were used for sporulation (39 g/L BD-Difco Potato dextrose
agar).

For the flow-cytometry analysis of the mCherry production in the tested strains
(Figure 6A), pre-cultures of the tested yeast strains were grown for 24-48 hours on
YPD agar plates and the filamentous fungi (A. niger and T. reesei strains) were
sporulated on PDA plates (7 days), spores collected, and diluted in 1x PBS prior to
analysis. In case of yeasts strains, 4 ml of SCD medium in 24-well cultivation
plates was inoculated from pre-cultures to OD600=0.2 by every tested yeast
strain. The cultures were grown for 18 hours at 800 rpm (Infors HT Microtron) and
28°C. One hundred uL of the culture was combined with 1,5 mL of 1x PBS prior to
analysis. Measurements were done with FACSAria Il (BD), where 10000 events
were recorded and results were normalized by dividing mCherry fluorescence val-
ues by cell size (forward scatter, FSC-A). The results from the flow-cytometry fluo-
rescent analysis are shown in Figure 6A.

For the quantitative fluorometry analysis (Figure 6B), pre-cultures of the tested
yeast strains were grown for 24-48 hours on YPD agar plates and pre-cultures (in-
oculated by spores) of Trichoderma reesei strains were grown for 24 hours in YPG
medium (20 g/L bacto peptone, 10 g/L yeast extract, and 30 g/L gelatin). Four ml
of the SCD medium in 24-well cultivation plates was inoculated to OD600=0.2 by
every tested yeast strain (OD600=0.5 in case of T. reesei). The cultures were
grown for 18 hours at 800 rpm (Infors HT Microtron) and 28°C in triplicates, centri-
fuged, washed, and resuspended in 0.2 ml of sterile water. Two hundred pl of
each cell suspension was analyzed in black 96-well plates (Black Cliniplate; Ther-
mo Scientific) using the Varioskan (Thermo Electron Corporation) fluorimeter. The
settings for mCherry were 587 nm (excitation) and 610 nm (emission), respective-
ly. For normalization of the fluorescence results, the analyzed cell-suspensions
were diluted 100x and OD600 was measured in transparent 96-well microtiter
plates (NUNC) using Varioskan (Thermo Electron Corporation). The results from
the analysis are shown in Figure 6B.
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Example 4

Analysis of the adjustable expression levels in different hosts (Pichia
kudriavzevii, Aspergillus niger, and Trichoderma reesei) (Figure 7)

The expression systems for Pichia kudriavzevii and Aspergillus niger with diverse
numbers of the sTF-specific binding sites (0, 1, 2, 4, or 8) (Figure 7A) were con-
structed analogously to the Example 3 (the version of the expression system A —
shown in Figure 4 — was used). In case of Pichia kudriavzevii, the ATCC 32196
strain was used as the parental strain. The expression systems, including hygro-
mycin-resistance selection marker gene with a suitable promoter and terminator,
were integrated into PDC1 locus (replacing the native coding region) using the cor-
responding flanking regions for homologous recombination. The transformations
were done using the standard lithium acetate protocol. In case of Aspergillus niger,
the ATCC1015 strain was used as the parental strain. The expression systems,
including a hygromycin-resistance selection marker gene with a suitable promoter
and terminator, were integrated into the gaaC locus (replacing the native coding
region) using the corresponding flanking regions for homologous recombination.
The transformations were done using the CRISPR transformation protocol, includ-
ing: protoplasts of the A. niger strain, linear donor DNA (expression cassette with
the selection marker and the integration flanks) and RNP complex that generates
a double-stranded brake at the target genomic locus which is then repaired with
the linear donor DNA.

The DNA molecule, containing the expression systems for Trichoderma reesei for
adjustable expression of the CBH1 gene (Figure 7C), contained the 201cp (Table
1) together with upstream positioned BM3R1-specific binding sites (0, 1, 2, 4, or 8)
controlling the expression of the CBH1 coding region, the T. reesei PDC1 termina-
tor, 533cp (Table 1) controlling the expression of the sTF coding region, the sTF
coding region, the Trichoderma reesei TEF1 terminator, the hygromycin-resistance
selection marker gene with suitable promoter and terminator, and the flanks for in-
tegration into the genome by homologous recombination into the CBH1 locus (re-
placing the native coding region). The T. reesei strain M124 (VTT culture collec-
tion) was used as the parental strain. The transformations were done by the proto-
plast transformation protocol (see below), including: protoplasts of the T. reesei
strain and linear donor DNA (expression cassette with the selection marker and
the integration flanks).
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The protoplast transformation protocol: Isolated protoplasts were suspended into
200 ul of STC solution (1.33 M sorbitol,10 mM Tris-HCI, 50 mM CaCl,, pH 8.0).
One hundred pl of protoplast suspension was mixed with 10 ug of the donor DNA
and 100 pl of the transformation solution (25% PEG 6000, 50 mM CacCl,, 10 mM
Tris-HCI, pH 7.5). The mixture was incubated on ice for 20 min. Two ml of trans-
formation solution was added and the mixture was incubated 5 min at room tem-
perature. Four ml of STC was added followed by addition of 7 ml of the molten top
agar (200 g/L D-sorbitol, 6.7 g/L of yeast nitrogen base (YNB, Becton, Dickinson
and Company), synthetic complete amino acid, 20 g/L D-glucose, 100 mg/L hy-
gromycin B, 20 g/L agar). The mixture was poured onto a selection plate (200 g/L
D-sorbitol, 6.7 g/L of yeast nitrogen base (YNB, Becton, Dickinson and Company),
synthetic complete amino acid, 20 g/L D-glucose, 100 mg/L hygromycin B, and 20
g/L agar). Cultivation was done at +28 °C for five days; colonies were picked and
re-cultivated on the YPD plates containing 100 mg/L hygromycin B.

The correct integrations were confirmed by PCR of the genomic DNA of each
transformed strain, where the amplicon (amplified DNA region) spanned the inte-
grated construct and the genomic DNA outside of the integration flanks. The single
copy integrations were confirmed by gPCR, where the gPCR signal of the mCher-
ry gene (for Pichia kudriavzevii and Aspergillus niger strains) or the BM3R1 coding
region (for Trichoderma reesei strains) was compared to a qPCR signal of a
unique native sequence in each host.

For liquid cultivations, 6.7 g/L of yeast nitrogen base (YNB, Becton, Dickinson and
Company), synthetic complete amino acid supplemented with 20 g/L D-glucose
(SCD) was used. In case of agar plate cultivations, solidified medium containing
20 g/L agar, 20 g/L bacto peptone (Becton Dickinson), 10 g/L yeast extract, and 20
g/L D-glucose (YPD plates) was used. To obtain spores of the filamentous fungi,
PDA agar plates were used for sporulation (39 g/L BD-Difco Potato dextrose
agar).

For the flow-cytometry analysis of mCherry production in the tested strains (Figure
7B), pre-cultures of the Pichia kudriavzevii strains were grown for 24-48 hours on
the YPD agar plates and the Aspergillus niger strains were sporulated on PDA
plates (for 7 days), spores collected, and diluted in 1x PBS prior to analysis. In
case of the Pichia kudriavzevii strains, 4 ml of the SCD medium in 24-well cultiva-
tion plates was inoculated from pre-culture to OD600=0.2. The cultures were
grown for 18 hours at 800 rpm (Infors HT Microtron) and 28°C. One hundred uL of
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the culture was combined with 1,5 mL of 1x PBS prior to analysis. Measurements
were done with FACSAria Il (BD), where 10000 events were recorded and results
were normalized by dividing mCherry fluorescence values by cell size (forward
scatter, FSC-A). The results from flow-cytometry fluorescent analysis are shown in
Figure 7B.

For the western blot analysis of the CBH1 production in the Trichoderma reesei
strains, pre-cultures (inoculated by spores) were grown for 24 hours in YPG medi-
um (20 g/L bacto peptone, 10 g/L yeast extract, and 30 g/L gelatine). Four ml of ei-
ther SGE-lactose (15 g/L KH.PQOy4, 5.4 g/L Na,SO,4, 1 mL/L trace elements (3.7
mg/L CoCl,, 5 mg/L FeS0,4.7H,0, 1.4 mg/L ZnS04.7H,0, 1.6 mg/L MnSO,4.7H,0),
40 g/L lactose, 333.25 g/L spent grain extract, 8.6 g/L (NH4).-citrate, 100 mM
PIPPS, 2.4 mM MgSQO,, and 4.1 mM CaCl,, pH adjusted to 4.8 with KOH) or the
SCD medium in 24-well cultivation plates was inoculated to OD600=0,5 for each
tested strain. The cultures were grown for 3 days at 800 rpm (Infors HT Microtron)
and 28°C, centrifuged, and the supernatant transferred into a clean tube. Fifteen
uL of each supernatant was mixed with 4 uL of 4x SDS loading buffer (400 ml/L
glycerol, 100 ml/L B-mercaptoethanol, 2 g/L OrangeG dye (Sigma), 40 g/L SDS,
and 125 mM Tris-HCI pH 6.8), boiled and loaded on the 4-20% SDS-PAGE gradi-
ent gel. The gel was transferred onto a nitrocellulose membrane, and the CBH1
protein was detected with specific (mouse) anti-CBH1 primary antibody (and anti-
mouse-IR680-conjugated secondary antibody), and visualization of the signal was
performed on the Odyssey CLx Imaging System instrument (LI-COR Biosciences).
The results from the analysis are shown in Figure 7D.

Example 5
Test of the expression system in Kazachstania exigua (Figure 8)

The expression system used for Kazachstania exigua (Table 3, Figure 8A) was
cloned into a plasmid containing flanking regions for the K. exigua gene g706 en-
coding a homolog of S. cerevisiae ALD2. In the resulting construct, K. exigua g706
3’-UTR flanking region formed a terminator sequence for the sTF in the expression
system. The expression system, including flanking regions for homologous recom-
bination, was integrated into the g706 locus (replacing the native coding region).

Kazachstania exigua C-02458 (VTT culture collection) strain was modified by the
replacement of both KU70 loci with the Cas9 expression cassette (containing suit-
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able promoter and terminator). The resulting strain (MAT a/a ura3A/ura3A
ku70A::Cas9/ku70::Cas9) was used as the parental strain (WT in Figure 8B).
Transformation of the expression system (donor DNA) into the background strain
was carried out together with a centromeric plasmid containing URA3 selection
marker and an expression cassette for a sgRNA that targets Cas9 into the g706
locus (sgRNA was expressed under the control of S. cerevisiae RNA polymerase
[ll promoter SNR52 and terminator SUP4). The resulting strain is shown as “SES”
in Figure 8B.

Transformation was done by the electroporation protocol: Cells were inoculated in
YPD medium and cultivated overnight at 250 rpm and 30 °C. The overnight culture
was diluted to an OD600=0.2 and grown to an OD600=1.3. The harvested and
washed cells were resuspended in 10 mL Tris-EDTA (pH 7.5) containing 10 mM
dithiothreitol and incubated at 30 °C for 30 minutes. Forty mL of ice cold water was
added to cells followed by centrifugation. This was followed with two washing
steps, first with 50 mL of ice cold sterile water, then with 10 mL of ice cold 1 M
sorbitol. Finally, cells were resuspended in 125 pL of ice cold 1 M sorbitol. Fifty uL
of cell suspension was combined with 15 pL of a DNA mix (containing 5 pg of the
donor DNA and 5 ug of the gRNA plasmid). Electroporation was performed in 2
mm cuvettes at 1.25 kV, 200 Q and 25 uF. Nine hundred fifty uL of recovery solu-
tion (10 g/L yeast extract, 10 g/L Bacto peptone, 20 g/L glucose, 1 M sorbitol) was
added immediately after electroporation. The cells were recovered for 30 minutes
at 250 rpm and 30 °C before plating on SCD medium lacking uracil.

For expression analysis, the two strains (WT and SES) were cultivated in tripli-
cates in SCD medium for 10 hours, and the SES strain also for 22 hours to reach
stationary phase when all glucose had been consumed (“SES_stat” in the Figure
8B). Total RNA was isolated from the strains (RNeasy Kit - QIAGEN), cDNA was
produced (Transcriptor First Strand cDNA Synthesis Kit — Roche), and transcrip-
tion of the Venus and the ADHT (a glycolytic gene highly expressed in exponential
growth phase and down-regulated in the absence of glucose) genes were ana-
lyzed by gPCR with primers specific for each gene. The ALG9 gene was used as
the normalization control for expression quantification. The results from the analy-
sis are shown in Figure 8B.
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Example 6

The expression system used for production of a secreted protein in fungi
(Trichoderma reesei and Pichia pastoris) (Figure 9)

The DNA molecule, containing the expression system for Trichoderma reesei
(Figure 9A), contained the 114cp (Table 1) together with upstream positioned eight
BM3R1-specific binding sites controlling the expression of the CBHT1 coding re-
gion, the coding region for the CBH1 gene, the Trichoderma reesei PDC1 termina-
tor, 533cp (Table 1) controlling the expression of the sTF coding region, the sTF
coding region, the Trichoderma reesei TEF1 terminator, the hygromycin-resistance
selection marker gene with a suitable promoter and terminator, and flanking re-
gions for genomic integration into the CBHT locus (replacing the native coding re-
gion) by homologous recombination. The T. reesei strain M1763 (VTT culture col-
lection) was used as the parental strain (“WT” in Figure 9B). Transformations were
done by the protoplast transformation protocol (Example 4), using protoplasts of
the T. reesei strain and linear donor DNA (expression cassette with the selection
marker and integration flanks).

The correct integrations were confirmed using PCR from genomic DNA, where the
amplicon (amplified DNA region) spanned the integrated construct and the ge-
nomic DNA outside of the integration flanks. Single copy integration was tested us-
ing gPCR, where the gPCR signal from the BM3R1 coding region was compared
to the signal from a unique native sequence in the host. The strain containing the
expression cassette (“SES” in the Figure 9B) was analyzed for the CBH1 produc-
tion and compared to the background strain in cellulase-inducing and —repressing
conditions.

The CBH1 production in Trichoderma reesei strains was carried out in 1 L bioreac-
tors. Pre-cultures (inoculated with spores) for the cellulase-inducing conditions cul-
tivations were grown for 24 hours in SGE-lactose medium (Example 4) to produce
sufficient amount of mycelium for bioreactor inoculations. Pre-cultures (inoculated
with spores) for the cellulase-repressing conditions cultivations were grown for 24
hours in YE-glucose-A medium (20 g/L glucose, 10 g/L yeast extract, 15 g/L
KH>PO4, 5 g/L (NH4)2SO4, 1 mL/L trace elements (3.7 mg/L CoCl,, 5 mg/L
FeS04.7H20, 1.4 mg/L ZnS04.7H0, 1.6 mg/L MnSO4.7H0), 2.4 mM MgSQOs,,
and 4.1 mM CaCl,, pH adjusted to 4.8). The cellulase-inducing bioreactor cultiva-
tions were inoculated in SGM medium (“SGM” in Figure 9B) (20 g/L spent grain
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extract, 20 g/L sold spent grain, 60 g/L lactose, 5 g/l KH2PO4, 5 g/l NH4SOy, 1
mL/L trace elements, 2.4 mM MgSO,, and 4.1 mM CacCl,, 1mL/L Antifoam J647,
pH 4.8), air flow at 0.5 slpm (0.4-0.6 vvm), and stirring at 600 rpm. The cellulase-
repressing bioreactor cultivations were inoculated in the YE-glucose-B medium
(“glucose” in Figure 9B) (10 g/L glucose, 20 g/L yeast extract, 5 g/L KH2POy, 5 g/L
NH4sSO4, 1 mL/L trace elements, 2.4 mM MgSO,, and 4.1 mM CaCl,, 1mL/L Anti-
foam J647, pH 4.8), and these cultures were continuously fed with glucose (300
g/L glucose with flow rate at 4.4 g/h), air flow at 0.5 slpm (0.4-0.6 vvm), and stirring
at 900 rpm. The cultivation was carried out for 150 hours, samples taken at vari-
ous times, subset shown in Figure 9B.

For the coomassie stain analysis (Figure 9B — upper left panel), 1.5 uL of each cul-
ture (time-point) supernatant was mixed with 15 uL of 1x SDS loading buffer (100
ml/L glycerol, 25 ml/L B-mercaptoethanol, 0.5 g/L OrangeG dye (Sigma), 10 g/L
SDS, and 31.2 mM Tris-HCI pH 6.8), boiled and loaded on the 4-20% SDS-PAGE
gradient gel together with dilutions of purified CBH1 protein as a standard. The gel
was stained with colloidal coomassie stain (PageBlue Protein Staining Solution;
Thermo Fisher Scientific) according to the manufacture’s protocol. The visualiza-
tion of the stained gel was performed on the Odyssey CLx Imaging System in-
strument (LI-COR Biosciences). Protein concentration in the culture supernatant
was estimated from the CBH1 standard in the same gel (Figure 9B — upper right
table). For the western analysis (Figure 9B — lower left panel), 0.075 uL of each
culture (time-point) supernatant was mixed with 15 uL of 1x SDS loading buffer,
boiled and loaded on the 4-20% SDS-PAGE gradient gel together with dilutions of
purified CBH1 protein. The gel was transferred onto a nitrocellulose membrane,
and the CBH1 protein was detected with specific (mouse) anti-CBH1 primary anti-
body (and anti-mouse-IR680-conjugated secondary antibody), and the visualiza-
tion of the signal was performed on the Odyssey CLx Imaging System instrument
(LI-COR Biosciences). The CBH1 concentration in the culture supernatant was es-
timated (Figure 9B — lower right table).

The DNA molecule, containing the expression system for Pichia pastoris (Figure
9C), consisted of the 201cp (Table 1) together with upstream positioned eight
BM3R1-specific binding sites controlling expression of the fusion protein coding
region, the coding region for the fusion protein (consisting of N-terminal Saccha-
romyces cerevisiae secretion signal (a-factor), KEX/spe13 protease cleavage site,
carbohydrate-binding module (CBM), elastin-like protein (ELP5), and another
CBM), followed by the S. cerevisiae ADH1 terminator, 008cp (Table 1) controlling
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the expression of the sTF coding region, the sTF coding region (the coding region
of the DNA binding protein, BM3R1, of the sTF was codon-optimized to fit the co-
don usage of Saccharomyces cerevisiae), the Trichoderma reesei TEF1 termina-
tor, the zeocin-resistance selection marker gene with suitable promoter and termi-
nator, and the flanks for integration into the genome by homologous recombination
into the AOXT locus (integration into the AOXT promoter region). Transformations
were done by using the standard lithium acetate protocol. The strain containing a
single copy of the expression cassette was tested for production of the protein in
diverse conditions (Figure 9D).

The CBM-ELP5-CBM production in Pichia pastoris was carried out in Erlenmeyer
flasks. The pre-culture was done for 24 hours in the YPP medium (10 g/L yeast
extract, 20 g/L peptone, 13.4 g/L yeast nitrogen base, 0.4 mg/L biotin, 20 g/L glyc-
erol, 13.2 mM K;HPOQOy,, and 86.8 mM KH,PQO,4, pH=6.0) with 20 g/L glycerol (YPP-
Gly). To test the effect of different carbon sources, glycerol was replaced either by
20 g/L glucose (“YPP-Glc” in Figure 9D) or by 20 g/L ethanol (“YPP-EtOH” in Fig-
ure 9D). The cells from the pre-culture were inoculated (to OD600=1.0) in YPP-
Gly, YPP-Glc, or YPP-EtOH and cultured for 2 days, also addition of protease in-
hibitors (chymostatin and pepstatin) was tested. The pre-culture was also cultivat-
ed for additional two days (three days in total).

For the western analysis (Figure 9D), 22.5 uL of each culture supernatant was
mixed with 7.5 pL of 4x SDS loading buffer, boiled and loaded on the 4-20% SDS-
PAGE gradient gel. The gel was transferred onto a nitrocellulose membrane, and
the CBM-ELP5-CBM protein was detected with specific (mouse) anti-CBM primary
antibody (and anti-mouse-IR680-conjugated secondary antibody), and the visuali-
zation of the signal was performed on the Odyssey CLx Imaging System instru-
ment (LI-COR Biosciences) (Figure 9D).

Example 7

Test of the expression system performance in plant organism (Nicotiana
benthamiana)

Two expression systems are tested in Nicotiana benthamiana (Table 4): The ex-
pression systems assembled in single DNA molecules comprise two expression
cassettes: 1) sTF expression cassette, which comprises a core promoter used for
the sTF expression control, exemplified here with the At-RPL41D_cp (Table 1); the
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sTF version with the DNA-binding protein, exemplified here by either BM3R1 or
TetR, and with the activation domain, exemplified here by either VP16AD or
VP64AD; and a terminator, exemplified here by the Arabidopsis thaliana MT3 ter-
minator. And 2) the target gene expression cassette, which comprises a number of
sTF specific binding sites, exemplified here by either eight BM3R1-specific binding
sites or by eight TetR-specific binding sites; another core promoter, exemplified
here by At-ATTI7_cp (see Table 1), the target gene coding region, exemplified
here by the mCherry (red fluorescent protein reporter) coding region; and a termi-
nator, exemplified here by the Arabidopsis thaliana PSBX terminator. The coding
regions of the sTFs and the mCherry are codon-optimized to fit the codon usage of
Nicotiana benthamiana. Also, negative control versions (the expression systems
with deleted regions spanning the At-RPL41D_cp, the sTF, and the MT3 termina-
tor) are constructed.

The expression systems (and the negative control versions) are cloned into a
plasmid containing the plant (Nptll) selectable marker coding region with suitable
promoter and terminator, and the sequences for propagation in Agrobacterium tu-
mefaciens, including kanamycin selection marker. The plasmids are transformed
into Agrobacterium tumefaciens (strain EHA105) by electroporation (2 mm cu-
vettes; with settings: 1.25 kV, 200 Q and 25 uF), and the transformants are grown
in presence of kanamycin and rifampicin prior to infection of Nicotiana bentham-
iana leaves. The leaves of 6-weeks-old plants are infiltrated with the 1:1 mixture of
the Agrobacterium tumefaciens cultures, one with the strain carrying the expres-
sion system and the other with a strain carrying an expression vector for post tran-
scriptional gene silencing inhibitor p19 (Silhavy et al., 2002) (both cultures diluted
to OD600=0.7 with 10mM MgCI2 + 10mM MES - pH=5.8). The infiltrated leaf
discs (corresponding to the infiltrated area) are harvested after 6 days incubation
in a greenhouse, grinded in 1xPBS, and the crude extracts are analysed for
mCherry fluorescence using the Varioskan instrument (Thermo Electron Corpora-
tion).

Example 8

Test of the expression system performance in green algae (Chlamydomonas
reinhardltii)

Two expression systems are tested in Chlamydomonas reinhardtii (Table 5): The
expression systems assembled in single DNA molecules comprise two expression
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cassettes: 1) sTF expression cassette, which comprises a core promoter used for
the sTF expression control, exemplified here with the Cr-elF-5A_cp (Table 1); the
sTF version with the DNA-binding protein, exemplified here by either BM3R1 or
TetR, and with the activation domain, exemplified here by either VP16AD or
VP64AD; and a terminator, exemplified here by the Chlamydomonas reinhardtii
RPS27A terminator. And 2) the target gene expression cassette, which comprises
a number of sTF specific binding sites, exemplified here by either eight BM3R1-
specific binding sites or by eight TetR-specific binding sites; another core promot-
er, exemplified here by Cr-RPS3A_cp (Table 1), the target gene coding region,
exemplified here by the mCherry (red fluorescent protein reporter) coding region;
and a terminator, exemplified here by the Chlamydomonas reinhardtii RBCS2 ter-
minator. The coding regions of the sTFs and the mCherry are codon-optimized to
fit the codon usage of Chlamydomonas reinhardtii. Also, negative control versions
(the expression systems with deleted regions spanning the Cr-elF-5A_cp, the sTF,
and the RPS27A terminator) are constructed.

The expression systems (and the negative control versions) are cloned into the
Ncol site of the plasmid pChlamy_4 (Invitrogen). The resulting plasmids (including
unmodified pChlamy_4 plasmid), after linearization, are transformed into Chla-
mydomonas reinhardtii (strain 137c; Invitrogen). The transformations are per-
formed according to protocol in the GeneArt Chlamydomonas Protein Expression
Kit manual (Invitrogen). The transformants are grown in the Gibco Tap Growth
medium in presence of Zeocin and analyzed for mCherry fluorescence using the
Varioskan instrument (Thermo Electron Corporation).

Example 9
Test of the expression system performance in CHO cells (Cricetulus griseus)

Expression system for Cricetulus griseus (Table 6) assembled in single DNA mol-
ecules comprises two expression cassettes: 1) sTF expression cassette, which
comprises a core promoter used for the sTF expression control, exemplified here
with the Mm-Atp5b_cp (Table 1); the sTF version with the DNA-binding protein,
exemplified here by BM3R1, and with the activation domain, exemplified here by
VP64AD; and a terminator, exemplified here by the Mus musculus INHA termina-
tor. And 2) the target gene expression cassette, which comprises a number of sTF
specific binding sites, exemplified here by either eight BM3R1-specific binding
sites; another core promoter, exemplified here by Mm-Eef2_cp (Table 1), the tar-
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get gene coding region, exemplified here by the mCherry (red fluorescent protein
reporter) coding region; and a terminator, exemplified here by the Mus musculus
FTH1 terminator. The coding regions of sTF and mCherry are codon-optimized to
fit the codon usage of Cricetulus griseus. Also, negative control versions (the ex-
pression systems with deleted regions spanning the Mm-Atp5b_cp, the sTF, and
the INHA terminator) are constructed.

The expression system (and the negative control version) is cloned between Miul
and Xbal sites of the plasmid pcDNAS3.1 (Invitrogen). The resulting plasmids are
transfected into Chinese hamster ovary cells (CHO-K1; American Type Culture
Collection (Rockville, MD)). Prior to the transformation, the CHO-K1 cells are cul-
tured in Ham's F-12K (Kaighn's) Medium (Gibco) containing 2 mM L-glutamine
and 1500 mg/L sodium bicarbonate, supplemented with 10% fetal bovine serum
(FBS), 100 U/ml of penicillin, and 100 mg/mL of streptomycin. The cells are main-
tained in an atmosphere of 5% CO, and 90% relative humidity at 37 °C. A flask of
cells are cultured, split, and 3x10° cells are seeded into 6-well culture plates and
grown in 2 ml of medium until 70% confluent. The transfection is done with
FuGene 6 (Roche) according to the manufacturer’s instructions with approximately
1 ug of plasmid DNA added per well. The transfected cells are allowed to continue
growing for up to 5 days. The mCherry expression is monitored daily post transfec-
tion by fluorescence microscopy.
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Claims

1.  An expression system for a eukaryotic host, which comprises
(a) an expression cassette comprising

a core promoter and a DNA sequence encoding synthetic transcription factor (sTF),
said core promoter being the only regulatory sequence for controlling expression of
the DNA sequence encoding the sTF, and

(b) one or more expression cassettes, each comprising a DNA sequence encoding
a desired product and being operably linked to a synthetic promoter,

said synthetic promoter comprising the core promoter identified in (a), and sTF-spe-
cific binding sites upstream of the core promoter identified in (a) or upstream of the
other core promoter different from the core promoter identified in (a).

2. The expression system according to claim 1, wherein the core promoter com-
prises a DNA sequence containing the 5-upstream region of a eukaryotic gene,
starting 10 — 50 bp upstream of a TATA-box and ending 9 bp upstream of the ATG
start codon, and wherein the distance between the TATA-box and the start codon
is no greater than 180 bp and no smaller than 80 bp, and a DNA sequence at its 3’-
end comprising random 1-20 bp; or the core promoter comprises a DNA sequence
having at least 90% sequence identity to said 5-upstream region, and a DNA se-
quence comprising random 1-20 bp which is located at the 3’-end of the DNA se-
quence.

3. The expression system according to claim 1 or 2, wherein the core promoter
is a universal core promoter (UCP) functional in diverse eukaryotic organisms.

4. The expression system according to any one of claims 1-3, wherein said syn-
thetic transcription factor (sTF) comprises a prokaryotic transcription regulator, a
nuclear localization signal, and a transcription activation domain.

5. The expression system according to any one of claims 1-4, wherein the eukar-
yotic host is selected from the group consisting of fungal species, plant species, and
animal species.

Date Regue/Date Received 2023-04-17
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6. The expression system according to claim 5, wherein the fungal species is
yeast or filamentous fungi.

7. The expression system according to claim 5 or 6, wherein the plant species is
flowering plants or green algae species.

8. A eukaryotic cell comprising the expression system of any one of claims 1 to
7.

9. The eukaryotic cell according to claim 8, wherein the core promoter is a uni-
versal core promoter (UCP) functional in diverse eukaryotic organisms and origi-
nates from another eukaryotic host species than Saccharomyces cerevisiae.

10. The eukaryotic cell according to claim 8 or 9, wherein the eukaryotic host is se-
lected from the group consisting of fungal species, plant species, and animal species.

11. The eukaryotic cell according to claim 10, wherein the fungal species is yeast
or filamentous fungi.

12. The eukaryotic cell according to claim 10 or 11, wherein the plant species is a
flowering plant or a green algae species.

13. An in vitro method for producing a desired protein product in a eukaryotic cell
comprising cultivating the cell according to claim 8 or 9 under suitable cultivation
conditions.

14. Use of the eukaryotic cell of any one of claims 8 to 12 to produce a desired
protein product.

Date Regue/Date Received 2023-04-17
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