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NOVEL EPISOMAL PLASMID VECTORS

Field of the Invention

The invention relates to episomal plasmid vectors comprising a gene of interest
and an autonomously replicating sequence (ARS), and optionally further comprising a
promoter and a selection marker, and methods of using said plasmid vectors for
expression of proteins of interest and/or protein, promoter and metabolic pathway
engineering.

Background

Many industrially relevant proteins such as biocatalysts and also
biopharmaceuticals are produced by heterologous gene expression. The yeast Pichia
pastoris has emerged as one of the most commonly used microbial host systems for
heterologous protein production due to its feasibility for high cell density bioreactor
cultivations, high secretory capacities and strong promoters (Ahmad, et al. 2014;
Gasser et al. 2013). Recent taxonomy studies lead to the conclusion, that the
commonly named Pichia pastoris includes several different species such as
Komagataella pastoris and the most commonly used Komagataella phaffii strains
NRLL Y-11430, CBS7435, BG10, and mutants thereof such as for example BG11, and
GS115, X33 and KM71. Most commonly the methanol inducible promoter of the
alcohol oxidase 1 gene (Paoxs) is used to drive expression of heterologous genes
(Vogl and Glieder, 2013). Paox1 is tightly repressed on carbon sources such as glucose
and glycerol and approximately 1000-fold induced by methanol. This tight regulation
allows to separate cell growth from heterologous protein production: At first P. pastoris
is typically cultivated on glycerol to obtain a high cell density and subsequently induced
with methanol to initiate expression of the gene of interest (GOI). Thereby even
detrimental or toxic proteins can be produced. However, methanol is toxic and
flammable making its use especially in large scale bioreactors undesirable.

Recently it was shown that the promoter of the catalase 1 gene (Pcars) provides
a distinct regulatory profile. Pcars is similar to Paoxs tightly repressed on glucose or
glycerol, but does not require methanol induction. Expression starts once the carbon
source in the medium is used up (‘derepression’ (Hartner et al. 2008)) reaching
approximately 30 to 40 % of the space time yields (depending on the GOI) of methanol
induced Paoxr in small scale cultivations. This catalase gene was also described as the
gene of the peroxisomal catalase ctal. Pcars can also be induced with methanol and

oleic acid reaching similar expression levels as Paoxs. The derepressed regulatory
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profile allows methanol-free production, as the derepression phase can be maintained
by feeding limiting amounts of glycerol or glucose in bioreactors as demonstrated with
synthetic Paoxs variants (Hartner et al. 2008). EP2862933A2 discloses a library of
bidirectional expression cassettes and described several promoter sequences of
Pichia pastoris, including the sequence for the promoter sequence of the peroxisomal
catalase gene CAT1.

Expression cassettes are typically integrated into the genome of methylotrophic
yeasts, resulting in strains stable even under non-selective conditions. For example,
Yurimoto et al. (Yurimoto et al. 2001) describe D-amino acid oxidase expression under
the control of the promoter of the AOD1 gene integrated at the ura3 locus in C. boidinii.
Episomal plasmids are lost upon growth under non-selective conditions. In yeasts, the
autonomously replicating sequence (ARS) is necessary for stable maintenance of
episomal plasmids. Structure and position of yeast origins of replication were studied
(Chen et al. 1996., Peng Chong et al. 2015) and various ARS sequences were
identified (Liachko et al. 2014A, Liachko et al. 2014B, Sohn et al.1996), . Episomal
plasmids have been very rarely used for heterologous protein expression in P. pastoris
and other methylotrophic yeasts, due to low stability and low expression rates. A few
applications of episomal expression have recently been reported and these constructs
are capable of expressing detectable amounts of protein. For example, Lee et al. (Lee
et al. 2001) report an episomal vector comprising an ARS, namely PARS 1, and the
promoter pGAP driving a gene of interest and a selection marker. The vector is used in
P. pastoris to screen a library of gene of interest mutants. However, there remains a
need for episomal plasmid vectors with high transformation efficiency, which are stably
maintained in transformed cells and enable high protein vyields. In addition reliable
expression giving highly reproducible product yields with low clonal variation is a
desirable feature for engineering strategies including screening of variant libraries.
Furthermore such episomal plasmids should be small in order to facilitate cloning and
to obtain high transformation rates.

Furthermore, transformation methods typically applied in Pichia pastoris, namely
transformation with linear DNA for integration into the genome or with supercoiled,
circular ARS plasmids for episomal replication, are generally not very suitable for the
screening of libraries, since the libraries need to be cloned into the expression vectors
prior transformation and an efficient cloning method needs to be used to ensure that

the diversity is not lost.
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In vivo recombination of co-transformed fragments, ie. homologous
recombination cloning (HR cloning) can be used to build the final expression vector
within a cell. This method was not used in Pichia pastoris until recently, since the
stability of plasmids in P. pastoris and homologous recombination in vivo was
inefficient. It was recently reported that ARS plasmids offer an alternative strategy
exploiting the yeast’'s recombination machinery for cloning. It was shown that HR
cloning was successful by employing a panARS-based episomal vectors in Pichia
pastoris (Camattari et al. 2016) and a split marker gene to avoid a high background
from inefficient homologous recombination. Although this method and vectors allow
the cloning of DNA fragments, the efficiency and flexibility in molecular design is
quite limited.

In contrast, S. cerevisiae is known as an efficient host for cloning by in vivo
recombination and HR cloning has been used in Saccharomyces to clone genes of
interest into expression vectors (Oldenburg et al. 1997) and also for cloning of
multiple fragments or assembly of whole vectors from multiple PCR products (van
Leeuwen et al. 2015, Joska et al. 2014). Due to its high efficiency and easy
application it has also been used for the creation of libraries ( Vina-Gonzalez et al.
2016) or creation of chimeric DNA (Arenhart et al. 2016).

Summary

Autonomously replicating sequences (ARS) with unprecedented technological
features were identified. Surprisingly the identified ARS were found as parts of DNA
elements which were tested as putative promoter sequences. Episomal plasmid
vectors comprising said ARSs, a gene of interest operably linked to a promoter and a
selection marker were more efficiently transformed compared to linear expression
cassettes comprising said gene of interest, promoter and selection marker. If used
under selective conditions, the plasmid vectors described herein resulted several-
fold increased expression compared to genomic integration. Furthermore
transformation rates were increased and the transformants showed more uniform
expression and the employed ARS showed additional functionality as transcription
terminators. Surprisingly a heterologous sequence from Candida boidinii showed the
best technological features — better than any previously known endogenous ARS.
The plasmid vectors described herein may be used in methods of protein expression
as well as for screening large libraries required for protein or promoter engineering

and discovery.
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It was surprising that highly efficient library generation can be achieved by in vivo
homologous recombination in Pichia pastoris using efficient CbARS based vector backbones
(i.e. vector backbones comprising an ARS sequence of Candida boidinii) in combination
with a KU70 Pichia pastoris deletion strain and relatively high amounts of DNA with a certain
molar ratio (insert:vector backbone) without observing significant background when
employing the CbARS-based vector backbone alone. Surprisingly no split selection marker
was needed for such highly efficient approach for library construction with maximai flexibility
in molecular design, allowing to design homologous recombination sites in any region of the
vector backbone.

Specifically, the present disclosure provides for an episomal plasmid comprising a
gene of interest (GOI) and an autonomously replicating sequence (ARS) which is not
operably linked to the GOI, which ARS comprises or consists of a nucleotide sequence
identified as any of SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:5, or SEQ ID NO:6-11, or a
functionally active variant of any of the foregoing which is characterized by at least 60%
sequence identity thereto, specifically at least any of 70%, 80%, 90%, or 95% sequence
identity. The episomal plasmid is also referred to as plasmid which is defined by the
structural features as claimed or further described herein, which is characterized by its
function of being episomally replicable in a host cell, e.g. in Pichia.

Specifically, the ARS is not natively associated with the GOI.

Specifically, the ARS and/or the GOl is a nucleotide sequence which is heterologous
to the plasmid. Specifically, both, the ARS and the GOI are heterologous sequences, more
specifically from different sources, strains or species.

According to the present disclosure, the ARS and/or the GOI are also heterologous to
a host cell, which has been engineered {o synthesize the episomal plasmid in the host cell,
or to introduce the episomal plasmid into the host cell, or which comprises the episomal
plasmid and is cultivated in a host cell culture expressing or otherwise displaying the GOI.

The ARS consisting of the nucleotide sequence identified as SEQ ID NO:3 is a
functionally active fragment of SEQ ID NO:2. Therefore, the functional variants of SEQ ID
NO:2 shall also include fragments of SEQ ID NO:2 which are at least comprising SEQ 1D
NO:3.

The ARS consisting of the nucleotide sequence identified as any of SEQ ID NO:6-11
is an exemplary functionally active variant of SEQ ID NO:5. Further
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functionally active variants are feasible which are characterized by the specified
sequence identity to SEQ ID NO:5.

Specifically, the episomal plasmid further comprises a selection marker and
optionally one or more regulatory sequences. Specifically a selection marker is used,
which indicates or regulates the expression of the GOIl. Regulatory sequences are
particulary preferred which are suitable for expressing the GOI.

Specific regulatory sequences confer termination of transcription of the GOIL.
Specifically, the ARS confers termination of transcription of the GOI.

Specifically, the episomal plasmid comprises the ARS sequence, a promoter
sequence separate from the ARS, and a transcriptional terminator sequence, which
are arranged overlappingly over less than 700 base pairs, preferably over less than
500 base pairs, more preferably over less than 300 base pairs.

Specifically, the episomal plasmid comprises an expression cassette comprising
the GOI and regulatory sequences required for expressing said GOI.

Specifically, the episomal plasmid comprises a promoter which is operably
linked to the GOIl. Specifically, the promoter is not adjacent to the ARS and/or in an
expression cassette separate from the ARS.

Specifically, the promoter is a regulatable or constitutive promoter, preferably a
promoter selected from the group consisting of AOX1, GAP, AOD, AOX2, DAS1,
DAS2, ENO1, FLD1, FMD, GPM1, HSP82, ICL1, ILV5, KAR2, KEX2, PET9, PEXS,
PGK1, PHO89/NSP, SSA4, TEF1, THI11, TP, YPT1, GTH1, GCW14, and GUT1,
which promoter is preferably of a yeast, in particular of a Pichia pastoris strain, or a
functional variant of any of the foregoing which is characterized by at least 60%
sequence identity, specifically at least any of 70%, 80%, 90%, or 95% sequence
identity, and functional as a promoter in a P. pastoris strain. Specifically, the promoter
is an analogue of the P. pastoris promoter naturally occurring in another yeast or
species, or a fully synthetic promoter.

Specifically, the episomal plasmid comprises the ARS consisting of SEQ ID
NO:6 and a promoter selected from the group consisting of CAT1, AOX, histone
promoters, GAP and DAS promoters, and a heterologous GOI.

Specifically, the promoter is a carbon source regulatable promoter, preferably a
promoter derepressed upon glucose depletion, or inducible upon feeding a cell culture
with an inducer, such as a carbon source. Specifically, the promoter is inducible with

oleic acid.
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Specifically, the promoter is a CAT1 or AOD promoter.

Specifically, the promoter comprises the nucleotide sequence of any of SEQ
ID NO:4, or SEQ ID NO:5, or a functional variant characterized by a sequence
identity of at least 60% of any of SEQ ID NO:4, or SEQ ID NO:5, specifically at least
any of 70%, 80%, 90%, or 95% sequence identity.

Specifically, the episomal plasmid comprises a selection marker that is based
on auxotrophy or chemical resistance, preferably wherein the selection marker is
based on glycerol utilization, sucrose utilization, inulin utilization, cellobiose
utilization, amino acid auxotrophy, thymidine auxotrophy, nitrogen source utilization,
resistance to fluoracetamide, resistance to deoxyglucose, resistance to Zeocin or
other antibiotics, resistance to a gene encoding a toxin. The selection marker
provides for cultivating a host cell that comprises the episomal plasmid described
herein, under selective pressure or under selective conditions, e.g., to select those
host cells or plasmid comprising the GOI.

Specifically, the selection marker confers resistance to zeocin, geneticin or
glycerol utilization.

According to one aspect, the present disclosure provides an episomal plasmid
comprising an expression cassette, which expression cassette comprises a gene of
interest (GOI) and regulatory sequences required for expressing said GOI, and an
autonomously replicating sequence (ARS) which is not operably linked to the GOI,
which ARS comprises or consists of a nucleotide sequence identified as any of SEQ
ID NO:5-11.

According to a specific aspect, a eukaryotic host cell is provided which
comprises the episomal plasmid described herein.

Specifically, the host cell is a yeast cell, preferably of the Pichia genus,
preferably of Pichia pastoris, which is a wild-type strain or any mutated strain
capable of being cultivated in a cell culture. Specifically, the mutated strain is a ku70
deletion strain of P. pastoris, wherein the ku70 gene (SEQ ID NO:87, identified in
Figure 33) or an analogous ku70 gene is inactivated or inhibited. Specifically,
mutated P. pastoris strains which are deficient in the ku70 gene expression are
preferred for biosynthesis and production of episomal plasminds and libraries of

episomal plasmids as described herein.
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Specifically, the host cell is provided in a cell culture wherein the host cells are
characterized by a genomic stability regarding the content of the episomal plasmid
during at least 20 generations. Therefore, according to the present disclosure, the
cell culture of the host cell described herein is provided in a fermenter and device,
suitably used for batch, fed-batch, or continuous cultivation.

According to a further aspect, the present disclosure provides for a method of
producing a protein of interest (POI) that is encoded by a GOI by cultivating the host
cell described herein under conditions to express said GOI. Specifically, the host cell

is
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cultivated under selective conditions. Specifically, in the cell culture, protein
expression is regulatable by the carbon source and/or the feed rate thereof.

Specifically, the POl expression is increased at least 1.5 fold, preferably at
least 3 fold, more preferably at least 5 fold or at least 10 fold, compared to the POI
expression employing genomic integration of the comparable expression cassette
expressing said GOI, which does not contain a functional ARS, such as comprised in
the episomal plasmid described herein.

Specifically, the transformation efficiency of the episomal plasmid is increased
at least 20 fold or at least 50 fold, preferably at least 100 fold, at least 200 fold, or at
least 300 fold, more preferably at least 500 fold compared to transformation
employing genomic integration of the comparable expression cassette expressing
said GOI, which does not contain a functional ARS, such as comprised in the
episomal plasmid described herein.

According to a further aspect, the present disclosure provides for a library of
episomal plasmids described herein, which comprises a repertoire of promoter
variants and/or a repertoire of GOl variants, which are optionally coexpressed in a
host cell cuiture.

Specifically, the promoter library may be used to discover variants of a parent
promoter sequences with desired or improved properties.

Specifically a GOI library may be used to discover gene variants or a parent
GOl sequence encoding variants of proteins or polypeptides with desired or
improved properties.

The library may be provided as an in vitro library, or as a library of (ex vivo)
host cells comprising the repertoire of episomal plasmids, which host cells may be of
any eukaryotic or prokaryotic species.

According to a further aspect, the present disclosure provides for a method of
selecting a host cell for a desired yield of a GOl expression, the method comprising:

i. contacting a plurality of host cells comprising the library of episomal plasmids
described herein, wherein the library comprises a repertoire of promoter variants and
wherein the expression level of said GOl is a function of said promoter variants;

ii. determining the expression level in individual host cells of said plurality; and

iii. selecting a host cell which is characterized by the desired expression level of
said GOI.



-8-

Specifically, the method further comprises cultivating the selected host cell
and producing a POI encoded by said GOI.

According to a further aspect, the present disclosure provides for a method of
screening promoter variants from a repertoire of promoter variants, and selecting a
promoter, the method comprising:

I. contacting a plurality of host cells comprising the library of episomal plasmids
described herein, wherein the library comprises a repertoire of promoter variants and
a reporter protein wherein any of the expression level of said reporter protein,
transformation efficiency or clonal uniformity is a function of said promoter variants;

ii. determining changes in any of the expression level, transformation efficiency
or clonal uniformity in individual host cells of said plurality;

iii. selecting a host cell which is characterized by the desired expression level,
transformation efficiency or clonal uniformity; and
iv. identifying the promoter variant from the selected host cell.

According to a further aspect, the present disclosure provides for a method of
screening variants of a POl encoded by a repertoire of GOI variants, the method
comprising

i. contacting a plurality of host cells comprising the library of episomal plasmids
described herein, wherein the library comprises a repertoire of GOI variants and
wherein any of the GOI expression level, transformation efficiency or clonal
uniformity is a function of GOI variants;

ii. determining changes in any of the expression level, transformation efficiency
or clonal uniformity in individual host cells of said plurality;

iii. selecting a host cell which is characterized by the desired expression level,
transformation efficiency or clonal uniformity; and
iv. identifying the GOI variant from the selected host cell.

According to a further aspect, the present disclosure provides for a method of
biosynthesis of an episomal plasmid in a host cell which is of a KU70 deletion strain
of Pichia pastoris, comprising

I. providing a linear vector backbone comprising recombination sites at its 5
and 3’ ends, an ARS, wherein the ARS comprises or consists of a nucleotide
sequence identified as any of SEQ ID NO:5-11,
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and optionally further regulatory sequences;

ii. providing a vector insert comprising a GOl and 5 and 3’ homologous
sequences which are homologous to said recombination sites;

iii. introducing said linear vector backbone and said insert into said host cell
and recombining said vector insert with said recombination sites by homologous
recombination, thereby producing the episomal plasmid comprising said GOI.

The present disclosure provides for a method of biosynthesis of an episomal
plasmid in a host cell which is of a KU70 deletion strain of Pichia pastoris,
comprising

i. providing a linear vector backbone comprising recombination sites at its 5’
and 3’ ends, an ARS, and optionally further regulatory sequences;
ii. providing a vector insert comprising a GOl and 5 and 3’ homologous

sequences which are homologous to said recombination sites;
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iii. introducing said linear vector backbone and said insert into said host cell and
recombining said vector insert with said recombination sites by homologous recombination,
thereby producing the episomal plasmid comprising said GOI.

Specifically, said linear vector backbone and said insert are introduced into said host
cell at a molar ratio between 1: 1 and 1:10.

Specifically, the ARS comprises or consists of a nucleotide sequence identified as
any of SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:5, or SEQ ID NO:6-11, or a functionally
active variant of any of the foregoing which is characterized by at least 60% sequence
identity thereto, specifically at least any of 70%, 80%, 90%, or 95% sequence identity.

Specifically, the vector backbone further comprises a selection marker, which is
based on auxotrophy or chemical resistance, preferably wherein the selection marker is
based on glycerol utilization, sucrose utilization, inulin utilization, cellobiose utilization, amino
acid auxotrophy, thymidine auxotrophy, nitrogen source utilization, resistance to
fluoracetamide, resistance to deoxyglucose, resistance to Zeocin or other antibiotics,
resistance to a gene encoding a toxin.

Specifically, the 5’ and 3’ homologous sequences each comprise or consist of at least
any one of 30, 50, 70, 100, 300 base pairs.

Specifically, the 5’ and 3’ homologous sequences are flanking the GOI or adjacent to
the 5’ and 3’ end of the GOI.

Specifically, the 5 and 3’ homologous sequences are located at both ends of the
insert, or fused to the 5" and 3’ end of the insert core sequence (which is without the 5’ and
3" homologous sequences).

According to a further aspect, the present disclosure provides for the use of the
biosynthesis method described herein for producing an episomal plasmid described herein.

According to a further aspect, the present disclosure provides for an episomal
plasmid obtained by any one of the biosynthesis methods described herein.

According to a further aspect, the present disclosure provides for a method of
producing a library of episomal plasmids using the biosynthesis method described herein,
wherein the library comprises a repertoire of plasmid variants which differ in at least one
point mutation in a predefined region of the GOI. The predefined region is typically a region
which is varied by a suitable mutagenesis method (also referred to as region of

mutagenesis).



-10-

Specifically, the variants are produced by mutagenesis of the vector inserts, in
particular mutagenesis of the region of mutagenesis.

According to a further aspect, the present disclosure provides for a library of
episomal plasmids obtained by the method described herein, which is characterized
by a diversity of at least any of 10E2, 10E3, 10E4, 10ES5, or 10E6 different variants.
In certain embodiments, even a higher diversity can be produced, e.g. at least any of
10E7, 10E8, 10E9, 10E10, or 10E11 different variants.

Specifically, the library is incorporated into at least 10E6 transformed cells,
preferably at least 10E7, 10E8, or 10E9 transformants. In certain embodiments, even
a higher number of transformants can be produced, such as to cover the repertoire
of episomal plasmid variants.

Specifically, the transformed cells are of the Pichia genus, preferably P.
pastoris, or a KU70 deletion strain of P. pastoris.

According to the present disclosure, the GOI is encoding an antibody, an
antibody fragment or antigen-binding sequence thereof, such as a scFv, Fab, VH
andfor VL, a single CDR sequence or a set of CDR sequences, e.g. 3 CDR
sequences. Specifically, GOI variants are produced by mutagenesis of one or more
variable regions or antigen-binding sequences, such as to produce a repertoire of
antigen-binding molecules which differ in at least one of epitope specificity or affinity
of binding. Alternatively, GOI variants are produced by mutagenesis of one or more
constant or framework sequences, such as to improve the stability or Fc function of
the antigen-binding molecules. '

Specifically, an antibody library is provided, which is characterized by the
repertoire of GOI variants, each encoding an antibody or antigen-binding seguence
thereof.

Specifically, the library is expressing a repertoire of POl variants, each
representing an antibedy or antigen-binding sequence thereof. The library is suitably
expressed by in vitro, ex vivo or in vivo expression systems, e.g. in a suitable host
cell culture. Upon expression, the PO! variants can be screened for selecting a POI

variant with desired binding or other features.
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Figures

Figure 1: The upstream region of the CATT gene contains an AT-rich ARS
which does not affect regulation or expression strength. (A) The genomic locus of the
P. pastoris CAT1 gene is shown with gene annotations based on the sequencing of the
CBS7435 strain (Kuberl et al. 2011). An ARS identified by high throughput deep
sequencing (ARS-seq) by Liachko et al. (Liachko et al. 2014) is shown. The AT content
was calculated with a sliding window of 50 bp using BitGene (WorldWideWeb:
bitgene.com/cgi/gene_analysis.cgi). The promoter sequences (Pcarr-1000, Pcat1-692 and
Pcarti-s00) and the putative ARS of Pcars (PUtARS-Pcary, selected based on AT content)
used in this study are indicated. (B) The promoter lengths indicated were cloned
upstream of an eGFP reporter gene, and stable genomic P. pastoris transformants
were cultivated in shake flasks. Reporter protein fluorescence, ODgyo and glucose
concentrations were measured at the time points indicated. Mean values and standard
deviations of biological triplicates are shown. Cultures were induced with methanol
after 48 h. At 0 h the flasks were inoculated to an ODgy of 0.05 and first
measurements performed when the exponential growth phase was reached. The x-
axis is broken between 1 and 14 h.

Figure 2: The ARS of Pcars causes background growth and is unstable under
non-selective conditions.(A) Picture of agar plates after transformation of P. pastoris
cells with circular or linearized plasmids containing the indicated lengths of Pcars. The
empty vector control is the unmodified pPpT4_S vector (Naatsaari ef al. 2012) not
containing Pcars. The circular plasmids showed higher transformation rates, therefore
only 10 ng were transformed and the whole transformation reaction plated. For linear
plasmids, 1 pg was transformed and one fifth of the transformation reaction plated.
(B) Evaluating plasmid stability by determining growth on selective (YPD+Zeo) and
non-selective (YPD) media from liquid culture. Four colonies of transformants (T1-T4)
of the indicated plasmids and colony sizes were inoculated in liquid culture under
selective (YPD+Zeo) and non-selective (YPD) conditions for 60 h and subsequently
stamped (diluted 1:1000) on selective and non-selective agar plates. The empty
pPpT4_S vector is included as control for stable genomic integration, the wildtype
strain to test Zeocin selection. (C) Stability of single colony separated transformants
under selective and non-selective conditions. Single colonies from four transformants
(T1-T4) of Pcarre92 (s a representative ARS containing plasmid) and Pcarr.s00 (ARS

free control) were re-streaked on selective (YPD+Zeocin) and non-selective conditions
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(YPD). Subsequently single colonies were streaked adjacently on selective media to
monitor plasmid loss by growth (picture after 48 h incubation at 28°C). In case of Pcary-
692 transformants of linearized vector (big and small colonies) and circular plasmid
were used.

Figure 3: Episomal replicating plasmids containing the ARS of Pcars show
increased expression under selective pressure compared to genomic integration.
Reporter protein fluorescence of the indicated plasmids and colony sizes was
measured with the selection markers (A) Zeocin (B) Geneticin and (C) GUT1
complementation. The strains were grown in selective (YPD+Zeo/Gen; BMG (buffered
minimal glycerol) and non-selective (YPD, BMD (buffered minimal dextrose)) media for
60 h (see also Fig. 2B). The empty vector controls are: for Zeocin pPpT4_S, for
Geneticin pPpKan_S, and for glycerol auxotrophy pPpGUT1 (Naatsaari et al. 2012).
For GUT1 complementation selection, also the auxotrophic parental strain was
included. Mean values and standard deviations of seven different transformants are
shown. In case of Geneticin selection, barely any growth differences were noticeable
between colonies (see picture in Fig. S3), therefore the big and small colonies
indicated are only putative. Due to the high standard deviation, for putative big colonies
of Pcar1-692 0n Geneticin, also the fluorescence value of each single transformant is
shown as an inlet.

Figure 4: The combination of the CAT7-692 promoter and its endogenous ARS
gives up to 4.9-fold higher yields for the biocatalysts MeHNL and LuHNL and the
transformants show up 3.5-fold more uniform expression. MeHNL (A,B) and LuHNL
(C,D) were expressed from a circular plasmid bearing the Pcarr.692 (A,C) or a linearized
plasmid bearing Pcarr.so0 (B,D). MeHNL and LuHNL activity were measured after
growth under selective conditions (glycerol) for 60 h. LuHNL cultivation were
supplemented with zinc sulfate required for folding. Forty-two transformants were
compared per construct after growth in 96 well deep well plates on glycerol for 60h.
The mean value (MV) and standard deviation (SD) of all transformants per construct
are shown on the left side of each panel. The SD is also provided as percent of the
MV.

Figure 5: Pcar4-692 episomal plasmid vectors in P. pastoris show approximately
108 fold higher transformation efficiencies than linear cassettes targeting genomic
integration. Ten ng of the circular ARS plasmids Pcarr.s92 and approximately 1 ug of

the Pcari-s00 plasmids (linearized to target genomic integration) were transformed.
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Transformation efficiencies were calculated as colony forming units (cfu) per ug DNA.
Mean value and standard deviations of quadruplicates for ARS plasmids and genomic
integration were calculated (single values of the transformation of MeHNL and LuHNL
constructs are shown as well).

Figure 6: Effects of plasmid loss are even more severe when inoculated from
glycerol stock. (A)The same experiment as shown in Fig. 2B was repeated with
inoculation from 96 well glycerol stocks. Glycerol stocks in 96 well microtiter plates of
the YPD cultivations shown in Fig. 2B and Fig. 3A were used to inoculate selective
(YPD+Zeo) and non-selective (YPD) media. Therefore the same transformants (T1-T4)
shown in Fig. 2B of the indicated plasmids and colony sizes were used. After
cultivation for 60 h the cultivations were diluted 1:1000 and stamped on selective and
non-selective agar plates. The empty pPpT4_S vector is included as control for stable
genomic  integration, the wildtype strain to test Zeocin selection.
(B) Fluorescence measurements of the cultivations described in panel A, identical Fig.
3A except being inoculated from glycerol stocks.

Figure 7: MeHNL expression from a circular plasmid bearing Pcarre92 and from
a linearized plasmid bearing Pcars-500 tested with Zeocin selection shows similar results
as obtained with of GUT1 selection (see Fig. 4). Mean value of activity with ARS is
about 3.9 times higher than genomic integration. Same experiment as Fig. 4, except
the plasmids contained a Zeocin resistance gene and the cultivation was performed in
YPD-Zeo full media.

Figure 8: Reducing the DNA amount of linearized Pcarsso0o plasmids to
approximately 1000 ng improved landscape uniformity for MeHNL (A) and LuHNL (B)
activity (compared to Fig. 4B,D). Same experiment as in Fig. 4 except only amounts
equivalent to 1000 ng of the pPpT4S vector (Naatsaari et al. 2012) were transformed.
Landscape uniformities are changed for MeHNL from 88% standard deviation (Fig. 4B)
to 57% (A) and for LuHNL from 69% (Fig. 4D) to 76 % (B). Further reducing the DNA
amounts transformed may lead to uniformity improvements at the cost of reduced
numbers of transformants.

Figure 9: Sequence of Pcari.s92 (SEQ ID NO:1)

Figure 10: Sequence of putARS-Pcat (SEQ ID NO:2)

Figure 11: Sequence of Pcatsoo-se2 (SEQ ID NO:3)

Figure 12: Sequence of CAT1-500 promoter without ARS sequence (SEQ ID
NO:4)
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Figure 13: Sequence of CbAOD1 Promoter ARS (SEQ ID NO:5)

Figure 14: Sequence of AOD-F1 (SEQ ID NO:6)

Figure 15: Sequence of AOD-F2 (SEQ ID NO:7)

Figure 16: Sequence of AOD-F3 (SEQ ID NO:8)

Figure 17: Sequence of AOD-F4 (SEQ ID NO:9)

Figure 18: Sequence of AOD-F5 (SEQ ID NO:10)

Figure 19: Sequence of AOD-F6 (SEQ ID NO:11)

Figure 20: Sequence of pCAT1noCore (SEQ ID NO:12)

Figure 21: Sequence of Sapl cloning stuffer (SEQ ID NO:13)

Figure 22 shows the eGFP expression values after 60 h of cultivation. AOD-Full
stands for C. boidinii Paops (SEQ ID NO:5) including an ARS/terminator element and
the F for the different fragments thereof (SEQ ID 6-11). CAT1-500 = SEQ ID 4, pCAT1-
692 = SEQ ID1, CAT1-ARS =SEQ ID 3.

Figure 23 shows the transcription terminator efficiency of ARS fragments
compared to the best known P. pastoris terminator sequences (TT). eGFP expression
values after 60 + 48 h of cultivation. 60 h cultivation in BMD and 48 h induction with
MeOH in 96 well plate experiment. The terminator of the P. pastoris AOD1 gene
AOD_TT (present in JQ519690 bp 2360-2835) is a standard element of selection
marker cassettes in typical Pichia integration vectors (Naatsaari et al 2012) and used
as a benchmark in these experiments. The 2 new ARS sequences both are functional
as transcription terminators. Surprisingly the heterologous ARS sequence from C.
boidinii showed an even stronger effect as the previously known ARS 1 sequence and
also than the frequently used terminator of the P. pastoris AOD1 gene.

Figure 24 shows transformants from direct transformation with plasmid DNA
isolated from P. pastoris without prior amplification and isolation from E. coli.

Figure 25 shows eGFP expression of individual transformants under the control
of PCAT1 promoter, using episomal plasmids with different sequence parts (A,B with
PARS1, C&D with CbARS (the ARS consisting of the polynucleotide SEQ ID NO:6 was
used) used as bifunctional ARS and terminator sequences for the selection marker
(with and without selective pressure) and autonomous plasmid replication. Fig. 25A,
PARS1 YPD; Fig. 25B, PARS1 YPD-Zeo; Fig. 25C, CbARS YPD; Fig. 25D, CbARS-
Zeo; eGFP expression values were measured after 60 h cultivation time. In contrast to

the new heterologous ARS, the P. pastoris PARS1 was not stable when used as
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bifunctional ARS and TT DNA part (very low expression without selective pressure and
also lower expression levels with Zeocin compared to the CbARS).

Figure 26 shows the GAP promoter driven eGFP expression of 21 individual
transformants.

Figure 27 shows the transformation efficiency of K. phaffii strain BSYBG11
(indicated as wild type) and the KU70 deletion variant BSY11dKU70 with linearized
(with and wihout dephosphorylation) and circular plasmids containing the CAT1-500
promoter (without ARS element) and the CAT1_692 element (with ARS sequence).
The KU70 deletion strain showed significantly lower numbers of transformants and
smaller colonies due to slower growth compared to the wt strain.

Figure 28: HR cloning with different lengths of overlapping regions. Fifty ng of
vector backbone and a 3:1 molar ratio insert:vector were used for transformation and
100 pl of the regenerated transformants were plated onto selective media. A: 50 bp,
B:100 bp, C: 250 bp, D: 500 bp.

Figure 29: Uptake of multiple inserts per cell. Different amounts of vector
backbone and twice as much insert (1:1 mix of eGFP and sTomato with 250 bp
overlapping regions) were used for transformation and tested for the uptake of multiple
variants.

Figure 30: HR cloning transformation efficiency tests with Herceptin CDSs
including signal sequences and promoters (construct 1c) as insert. Different lengths of
homologous regions (HR250 = 250 bp) and molar ratios (5:1 = ratio insert:vector
backbone) were used with 50 ng of vector backbone. The numbers after HR indicate
the overlap length.

Figure 31: Cultivation of transformants generated by HR cloning in non-selective
and selective media. The number after HR indicates the length of the homologous
regions to the vector backbone. Small and big colonies were chosen for cultivation. A
fully assembled circular CbARS based expression vector served as positive control.
Twenty-one transformants per size and overlap length were tested, 168 in total.

Figure 32: HR cloning using the variable region of an IgG light chain as insert.
One pg vector backbone and 2 ug insert were used for the transformation of P.
pastoris BSY11dKU70. The regenerated transformants from three individual
transformations were plated onto selective media after proper dilution and the CFUs

counted and normalized to 1 pg of vector backbone.
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Figure 33:

SEQ ID NO:72: vector sequence used in the examples

SEQ ID NO:85: vector sequence used in the examples

SEQ ID NO:86: vector sequence used in the examples

SEQ ID NO:87: ku70 gene of P. pastoris, >gi|328352576:1598101-1599963
Pichia pastoris CBS 7435 chromosome 3, complete replicon sequence;

Detailed Description of the Invention

The present invention specifically relates to an episomal plasmid vector
comprising a gene of interest and an autonomously replicating sequence (ARS), and
optionally further comprising a promoter and a selection marker, wherein the gene of
interest is under transcriptional control of said promoter and wherein said ARS
comprises the nucleotide sequence of SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:5, or
SEQ ID NO:6-11, or a functionally active variant of any of the foregoing.

Furthermore, described herein are methods of producing episomal plasmid
vectors using homologous recombination in P. pastoris.

Specific terms as used throughout the specification have the following meaning.

The term “gene of interest” (GOI) as used herein shall refer to any non-coding
and coding gene or partial coding gene, e.g., encoding a protein of interest (POI) or
fragment thereof, which is desired to be expressed in a host cell, or a non-coding RNA,
optionally at high levels. Genes of interest include but are not limited to genes
encoding enzymes (e.g. process enzymes), biocatalysts, antibodies and fragments
thereof, antigen binding peptides, immunogenic proteins, regulatory proteins, cell
signaling and ligand binding proteins, cytokines, hormones, protein antibiotics, peptide
hormones, inhibitor peptides, peptide containing biosurfactants, structural proteins,
serum albumin, gelatin or collagen, human growth factors, tissue plasminogen
activator, toxins/toxin, fusion proteins, or any other proteins or peptides having
potential commercial use, e.g. being of proteins or polypeptides of therapeutic,
diagnostic or pharmaceutical importance including enzymes catalyzing partial or whole
metabolic pathways. Particular examples of a GOl are encoding antibodies,
immunoglobulins, or antigen-binding regions or fragments thereof, in particular scFv, or
Fabs, enzymes such as hydrolases, oxidoreductases, isomerases, lyases or ligases. A
GOl typically comprises or consists at least any of 20, 30, 40, or 50 consecutive

nucleotides of a non-coding nucleotide sequence or a gene encoding a POL.
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In particular, the term “gene” shall also include DNA fragments of a gene, in
particular those that are partial genes. A fragment can also contain several open
reading frames, either repeats of the same ORF or different ORFs. The term shall
specifically include nucleotide sequences, which are non-coding, e.g. untranscribed or
untranslated sequences, or encoding polypeptides, in whole or in part. Exemplary non-
coding “genes” are regulatory genes or promoter sequences. Therefore, specific
examples of GOl variants relate to promoter variants and gene variants encoding
polypeptides or proteins, such as antibodies, antibody-fragments or peptidic/
polypeptidic antigen-binding molecules.

Specific examples of a POl are antigen-binding molecules, such as an antibody,
or a fragment thereof. Among specific POIls are antibodies such as monoclonal
antibodies (mAbs), immunoglobulin (lg) or immunoglobulin class G (lgG), heavy-chain
antibodies (HcAb's), or fragments thereof such as fragment-antigen binding (Fab), Fd,
single-chain variable fragment (scFv), or engineered variants thereof such as for
example Fv dimers (diabodies), Fv trimers (triabodies), Fv tetramers, or minibodies
and single-domain antibodies like VH or VHH or V-NAR. Further antigen-binding
molecules are selected from (alternative) scaffold proteins such as e.g. engineered
Kunitz domains, Adnectins, Affibodies, Anticalins, and DARPins. The term “scaffold”
describes a multifaceted group of compact and stably folded proteins — differing in
size, structure, and origin — that serve as a starting point for the generation of antigen-
binding molecules. Inspired by the structure—function relationships of antibodies
(immunoglobulins), such an alternative protein scaffold provides a robust, conserved
structural framework that supports an interaction site which can be reshaped for the
tight and specific recognition of a given (bio)molecular target.

The proteins of interest expressed with the plasmids and methods described
herein may be non-secreted or secreted (including proteins integrated or attached to
the cell wall or on the cell surface. The non-coding RNA transcribed from the ARS
plasmid for example may have regulatory properties. Non-coding RNAs of special
interest are snRNAs, antisense RNAs, long non-coding RNAs, siRNAs, ribozymes.

The protein examples described herein are non-limiting and any protein or
peptide or polypeptide capable of being expressed in a eukaryotic cell, i.e., in yeast,
can be expressed employing the episomal plasmid vectors, host cells, and methods
described herein. The proteins of interest described above can be from any species

(e.g., mammalian or human proteins). Specifically, the term “POI” as used herein
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refers to a recombinant polypeptide or a protein that is produced by means of
recombinant technology in a host cell. More specifically, the protein may either be a
polypeptide not naturally occurring in the host cell, i.e. a heterologous protein, or else
may be native to the host cell, i.e. a homologous protein to the host cell, but is
produced, for example, by transformation with a self-replicating vector containing the
nucleic acid sequence encoding the POI, or upon integration by recombinant
techniques of one or more copies of the nucleic acid sequence encoding the POl into
the genome of the host cell, or by recombinant modification of one or more regulatory
sequences controlling the expression of the gene encoding the POI, e.g. of the
promoter sequence. In some cases the term POl as used herein also refers to any
metabolite product by the host cell as mediated by the recombinantly expressed
protein.

As used herein, the terms "polypeptide"” and "protein” are used interchangeably
to refer to polymers of any length comprising amino acid residues linked by peptide
bonds. The conventional one-letter or three-letter codes for amino acid residues are
used herein. Polypeptides may include disulfide bonds, glycosylation, lipidation,
acetylation, phosphorylation, amidation or any other modifications. By “functional
protein” or “functional polypeptide” is intended that the protein or polypeptide operates
for its intended purpose. For example, a functional enzyme will catalyze a specific
reaction.

The term “recombinant” as used herein shall mean “being prepared by or the
result of genetic engineering”. Thus, a recombinant microorganism or host cell
comprises at least one “recombinant nucleic acid”. A recombinant microorganism
specifically comprises an expression vector or cloning vector, or it has been genetically
engineered to contain a recombinant nucleic acid sequence. A “recombinant protein” is
produced by expressing a respective recombinant nucleic acid in a host. A
‘recombinant promoter” is a genetically engineered non-coding nucleotide sequence
suitable for its use as a functionally active promoter as described herein.

The term “isolated” as used herein with respect to a nucleic acid such as a
promoter of the invention shall refer to such compound that has been sufficiently
separated from the environment with which it would naturally be associated, so as to
exist in "substantially pure" form. "Isolated” does not necessarily mean the exclusion of
artificial or synthetic mixtures with other compounds or materials, or the presence of

impurities that do not interfere with the fundamental activity, and that may be present,
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for example, due to incomplete purification. In particular, isolated nucleic acid
molecules of the present invention are also meant to include those chemically
synthesized. This term specifically refers to a DNA molecule that is separated from
sequences with which it is immediately contiguous in the naturally occurring genome of
the organism in which it originated. For example, an "isolated promoter” may comprise
a DNA molecule inserted into a vector, such as a plasmid, or integrated into the
genomic DNA of a host organism. An isolated promoter may further represent a
molecule produced directly by biological or synthetic means and separated from other
components present during its production.

It is well understood that the episomal plasmid or library of episomal plasmids
described herein can be provided in the isolated form, which is conveniently used as a
tool to further engineer recombinant hosts incorporating such episomal plasmids.

A "plasmid” as used herein is defined as a vector which is a nucleic acid
construct used to transform a host cell for expression of a protein, polypeptide, or
peptide, and the vector is not found in nature in the host cell it transforms. A plasmid or
vector, also referred to as “plasmid vector” is specifically understood as an
extrachromosomal nucleic acid which is particularly physically separated from a
chromosomal DNA. A plasmid may or may not include DNA sequences that are
required for the transcription of cloned recombinant nucleotide sequences, i.e., of
recombinant genes and the translation of their mRNA in a suitable host organism.
Plasmid vectors usually comprise an origin for autonomous replication in the host cells,
selectable markers, a number of restriction enzyme cleavage sites, a suitable promoter
sequence and a transcription terminator, which components are operably linked
together. Plasmids may as well serve as a carrier of a GOl and variants of a GOI
produced by mutagenesis, such that a library of plasmids is produced comprising a
repertoire of GOl variants. According to a certain embodiment, the plasmid described
herein is a Pichia plasmid, in particular a P. pastoris plasmid which is capable of
replicating and expressing a GOl in a P. pastoris cell culture.

Though the plasmid described herein may contain naturally-occurring nucleotide
sequences, the plasmid comprising a heterologous sequence, such as a promoter or
GOI which is heterologous (foreign) to the plasmid. Therefore, the plasmid described
herein though obtainable by a biosynthesis method, is considered a synthetic product,
i.e., an artificially created nucleotide sequence that is not produced naturally but is a

man-made design.
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A plasmid or vector which is “episomal” is herein understood as an episomally
or autonomously replicating plasmid which is replicating independently of the host cell
chromosome and advantageously maintained as extrachromosomal vector in a culture
of the host cell, such that it is not significantly integrated into the host cell chromosome
when cultivated over several generations. A recombinant host cell comprising an
episomal plasmid vector is advantageously (genomically) stable, in which the episomal
plasmid persists for many generations. If unstable, the episomal plasmid would be
gradually diluted out of the population by successive cell divisions. A stable episomally
replicating plasmid may be maintained in a cell population by selective pressure (e.g.,
in the presence of an antibiotic). The use of episomal plasmid described herein results
in a higher transfection efficiency than the use of chromosome-integrating plasmids.
Furthermore, the episomal plasmid can be introduced into a series of eukaryotic host
cells and replicate as extrachromosomal construct.

An episomal plasmid may be stably maintained in a host cell. The stability can
be determined by methods described herein and known in the art, e.g. by sequencing
the host cell genome. In particular, the genomic stability of a host cell comprising the
episomal plasmid can be determined upon cultivating the host cell in a host cell
culture, and stability is e.g. determined after a period of time reflecting about 10, 15 or
20 generations of cultivation.

The term “vector backbone” as used herein refers to a nucleic acid construct
used for the ftransformation of cells in gene manipulation procedures. Vector
backbones typically comprise selectable markers, restriction enzyme cleavage sites,
and may comprise polynucleotide sequences necessary to express protein molecules,
which confer specific properties on the host cell to be transformed, and/or respective
control sequences for protein expression, e.g. regulatory sequences such as promoter
sequences and transcription terminator sequences. Artificial vectors may be
constructed by various molecular biology techniques such as cutting DNA molecules
from different sources using restriction enzymes, assembly of individual DNA
molecules using polynucleotide polymerase reactions or artificial DNA synthesis and
joining such DNA molecules using ligases. A vector backbone may contain all
elements of an expression vector, yet, without a GOI.

The term “insert” as used herein refers to a vector insert which is a linear nucleic
acid molceule suitable for integrating into a vector backbone, e.g. through homologous

recombination.
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A vector insert described herein specifically comprises a GOI, in particular
fragments of a gene or selected regions of mutagenesis to produce variants of a GOI.
In addition, the insert comprises sequences at the 5’ and 3’ end of the insert which are
homologous to a region of a vector (herein referred to as 5 and 3’ homologous
sequences), in particular recombination sites of a vector which is targeted for
integrating the vector insert. The 5 and 3’ homologous sequences are fragments of
DNA that is identical to recombination sites or has a sequence identity which is
considered at least homologous. The 5 and 3' homologous sequences are preferably
flanking said GOI, in particular immediately adjacent to said GOI or located upstream
or downstream of the GOI. A vector insert is conveniently inserted into a circular or
linear vector element, in particular a linearized vector, e.g. by homologous
recombination of the 5'-terminus of the insert with the 3'-terminus of a linearized
vector, and homologous recombination of the 3'-terminus of the insert with the 5'-
terminus of a linearized vector. Upon recombination, the GOl is inserted and
incorporated into the vector.

In some embodiments, the 5 and 3 homologous sequences are artificial
sequences added to the insert, in particular on both sides of a GOl (e.g. by ligating
artificial sequences to the 5’ and 3’ terminus of the GOI or to nucleotide sequences
extending the GOl sequence). In some embodiments, the 5 and 3 homologous
sequences are endogenous sequences of the GOl or an expression cassette
comprising the GOI. In such embodiment, the 5 and 3’ homologous sequences may
be part of the protein encoding sequence or of upstream and downstream regulatory
elements.

The 5 and 3 homologous sequences of the vector insert and/or the
recombination sites of the vector backbone may each comprise or consist of at least
any of 30, 50, 70, 100, 130, 150, 250, or 500, e.g. at least 30, and conveniently up to
any of 1000, 500, or 300.

A “repertoire” as used herein refers to a population of diverse molecules which
are variants of nucleic acids produced by mutagenesis of a nucleotide sequence
referred. A repertoire of a GOl specifically includes a population of variants of a parent
GOI, wherein the variants differ in at least one point mutation at a predefined position
or randomly positioned within the GOI.

In some embodiments, variants of a parent GOl may be produced to obtain a

repertoire of GOls, wherein each of the variants have a certain sequence identity, e.g.
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any one of at least 60%, 70%, 80%, 90%, 95% sequence identity to the parent GOI. In
some embodiments, each of the variants of a parent GOl in a repertoire of GOls differ
from the parent GOl in any one of at least 1, 2, 3, 4, 5, 10, 15, 20, 50, 100 nucleotides.

A repertoire of vector inserts may be produced, wherein the insert has a variable
region comprised in the nucleotide sequence representing the GOl which is besides
the 5 and 3’ homologous regions. The variable region is specifically subject to
mutagenesis to produce GOl variants which differ in at least one position (point
mutation) within the variable region, while keeping the 5’ and 3’ homologous regions
unchanged. As a result of mutagenesis, the library of vector inserts is produced, which
includes a population or diversity of linear nucleotide constructs which differ in their
nucleotide sequence, in particular in the GOI nucleotide sequence.

The term “mutagenesis” as used in the context of the present invention shall
refer to a method of providing mutants of a nucleotide sequence, e.g. through
insertion, deletion and/or substitution of one or more nucleotides, so to obtain variants
thereof with at least one change in the non-coding or coding region. Mutagenesis may
be through random, semi-random or site directed mutation. Specific GOl variants are
derived from a parent GOI, which is e.g. a wild-type GOl which naturally occurs in a
host organism. A mutagenesis method particularly encompasses those methods of
engineering the nucleic acid or de novo synthesizing a nuclectide sequence using the
a parent GOI information as a template. Specific mutagenesis methods apply rational
engineering of variants.

Specific mutagenesis methods provide for point mutations of one or more
nucleotides in a sequence, in particular tandem point mutations, such as to change at
least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or even more continuous nucleotides within the
nucleotide sequence of the promoter. Such mutation is typically at least one of a
deletion, insertion, and/or substitution of one or more nucleotides.

“‘Homologous recombination” (HR) as used herein refers to a type of genetic
recombination in which nucleotide sequences (in particular DNA strands) of
homologous nucleotide sequences are exchanged and thereby connected.

“‘Recombination site(s)” as used herein refers to one or more sequences on a
first nucleotide compound which are homologous or sufficiently homologous to
sequences on a second nucleotide compound to enable homologous recombination to

occur between the two nucleotide compounds.
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In certain embodiments, the vector backbones described herein comprise two or
more homologous recombination site(s). The recombination site(s) may be part
of/overlapping with the sequence elements present on the vector backbone, such as a
promoter sequence, transcription terminator sequence, selection markers, sequences
encoding the GOI or sequences of the vector backbone connecting such elements. In
some embodiments, the vector backbone comprises two recombination sites (e.g. one
recombination site on each end of a linear vector backbone). In some embodiments,
the vector backbone comprises two recombination sites wherein the two recombination
sites are split parts of a contiguous sequences. For example a contiguous sequence
within a GOl sequence on a vector backbone is split into two parts, and the two parts
are located at the two termini of the linear vector backbone (e.g. the contiguous
sequence on a circular vector backbone is cleaved within said sequence thereby
generating two parts), then a homologous sequence to the first part, i.e to a first
recombination site, is added as 5-homologous (flanking) sequence to a GOl and a
homologous sequence to the second part, i.e. to a second recombination site, is added
as 3’-homologous (flanking) sequence to the GOIl. Upon transformation of the vector
backbone comprising such recombination sites and the insert comprising the GOI with
the respective flanking sequences, the GOl is integrated within the contiguous
sequence of the GOl sequence. In some embodiments, the vector backbone
comprises two recombination sites which are independent from each other, e.g. the
first recombination site being a sequence within the promoter sequence which is
followed by the sequence of a GOI, and the second recombination site being a
sequence within the transcription termination sequence following the 3’ end of the GOI.
Upon transformation of such linear vector backbone (comprising the recombination
sites at both ends) together with an insert comprising a variant of the GOl with 5 and
3" homologous (flanking) regions which are homologous to the first and second
recombination sites, respectively, the variant GOl is inserted into the vector backbone
thereby replacing the original GOL.

The term "promoter” as used herein refers to a DNA sequence capable of
controlling the transcription of a coding sequence or functional RNA. The promoter of
the invention specifically initiates, regulates, or otherwise mediates or controls the
expression of a coding DNA. The promoter is recognized by RNA polymerase, which
then initiates transcription. Thus, a promoter contains a DNA sequence that is either

bound directly by, or is involved in the recruitment, of RNA polymerase. Promoter DNA
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and coding DNA may be from the same gene or from different genes, and may be from
the same or different organisms. The promoter may be derived from the same or
different species (e.g. yeast species) as the host cell used for protein expression. The
promoter may also be a synthetic promoter, i.e., an artificially created nucleotide
sequence that is not produced naturally but is a man-made design.

A promoter may include a TATA box sequence that acts as a recognition site to
direct initiation of transcription, including, but not limited to one or more transcriptional
enhancer elements. The enhancer elements (i.e. a regulatory element that can
stimulate promoter activity) may be proximal or distal to the TATA box sequence and
may be in a normal 5' to 3' orientation or may be in a 3' to &' orientation. An enhancer
element may be an enhancer element native to the promoter sequence or it may be a
heterologous (i.e., the combination does not occur in nature) enhancer element
inserted into the expression vector construct.

A promoter can be constitutive or regulatable. A constitutive promoter is
understood to be a promoter whose expression is constant under the standard
culturing conditions. Thus, a constitutive promoter controls expression without the
need for induction, or the possibility of repression. A constitutive promoter can have
some inducible activity, but the maximal activity obtained with the promoter is not
inducible.

Regulatable promoters are promoters that are responsive to one or more
induction cues. For example, a promoter can be chemically regulated (e.g., a promoter
whose transcriptional activity is regulated by the presence or absence of a chemical
inducing agent such as an alcohol, tetracycline, a steroid, a metal, or other small
molecule) or physically regulated (e.g., a promoter whose transcriptional activity is
regulated by the presence or absence of a physical inducer such as light or high or low
temperatures). A regulatable promoter can also be indirectly activated or repressed by
one or more transcription factors that are themselves directly regulated by chemical or
physical cues.

In some embodiments, the regulatable promoter is a carbon source regulatable
promoter. In some embodiments, the promoter may be activated by the presence or a
certain concentration of a specific carbon source, for example by the presence of
methanol, lactose, galactose, glycerol, glucose, sucrose, citrate, formiate, lactate or
acetate. Alternatively the promoter may be regulated by other substances, for example

metal ions or tetracyclin. In some embodiments, the promoter may be repressed in a
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eukaryotic cell in the presence of an excess amount of a carbon source (e.g., during
the growth phase of the cell culture) and de-repressed in the presence of a limited
amount of a specific carbon source to exert strong promoter activity (e.g. in the
production phase of the cell culture upon reduction of the amount of carbon, such as
upon feeding of a growth limiting carbon source to a culture cultivated in a fed-batch
process). In this regard, “carbon source regulatable” refers to the de-repression of a
promoter by carbon (e.g. glucose or glycerol) consumption, reduction, shortcoming or
depletion, or by limited addition of the carbon source so that it is readily consumed by
the cells or by slow conversion to a repressing metabolite if the non-metabolized
carbon source is not directly the repressing substance. Therefore one method to
induce a de-repression effect may be the use of a glycerol kinase (GUT1) knockout
strain or a strain with reduced GUT1 activity caused by an alternative promoter or less
efficient GUT1 gene variant, which cannot efficiently metabolize glycerol to the
repressing glycerol phosphate anymore. Reduced metabolization to the repressing
glycerol3-phosphate may also be obtained by a deletion or down-regulation of glycerol
transporter activity

In some embodiments, the regulatable promoter is a fatty-acid inducible
promoter, such as a promoter inducible with oleic acid.

In some embodiments, the promoter is a fungus or yeast promoter, such as a
promoter from the yeast Pichia, Candida, Torulopsis, Arxula, Hansenula, Yarrowia,
Kluyveromyces, Saccharomyces, Komagataella. Preferably the promoter is a promoter
from the yeast Pichia pastoris.

Exemplary promoters that can be used in the plasmids and methods described
herein include, but are not limited to CAT1, AOX1, GAP, AOD, AOX2, DAS1, DAS2,
ENO1, FLD1, FMD, GPM1, HSP82, ICL1, ILV5, KAR2, KEX2, PET9, PEX8, PGK1,
PHOB89/NSP, SSA4, TEF1, THIM1, TP, YPT1, GTH1, GCW14, and GUT1 or a
functionally active variant thereof characterized by a certain sequence identity of e.g.
at least 60%, or at least any of 70%, 80%, 90%, or 95%, or analogous promoter
sequences thereof (i.e., a respective promoter sequence in another species).

In some embodiments, the promoter is a CAT1 promoter, i.e. a promoter driving
transcription of the peroxisomal catalase gene. In some embodiments, the CAT1
promoter is the CAT1 promoter of P. pastoris. In some embodiments, the CAT1
promoter is the CAT1 promoter of another yeast or fungus, for example the CAT1

promoter of the yeast S. cerevisiae, Hansenula polymorpha,Yarrowia lipolytica,



10

15

20

25

30

WO 2017/055436 PCT/EP2016/073240
-26-

Candida boidinii, Pichia stipitis, Schizosacharomyces pombe or of filamentous fungi
such as Aspergillus niger, Aspergillus nidulans, Penicillium, Trichoderma. In some
embodiments, the promoter is the CAT1 promoter comprising the nucleotide sequence
of SEQ ID NO:4 or a functionally active variant thereof.

In some embodiments, the promoter is a AOD promoter, i.e. a promoter driving
transcription of the alcohol oxidase gene. In some embodiments, the AOD promoter is
the AOD promoter of Candida boidinii (C. boidinii). In some embodiments the promoter
is the AOD promoter comprising the nucleotide sequence of SEQ ID NO:5.

An "Autonomously Replicating Sequence” or "ARS" is a sequence that serves
as an origin of DNA replication on eukaryotic chromosomes. An ARS, when
incorporated into a DNA molecule, supports replication of the DNA molecule by binding
a protein complex that unwinds and replicates the DNA. An ARS can be confirmed, i.e.
functionally validated by incorporating the sequence into a DNA molecule that is not
self-replicating in a given host and demonstrating that the DNA molecule replicates
autonomously in the host only when the ARS is present.

In some embodiments the ARS comprises the nucleotide sequence of SEQ ID
NO:2 or a functional variant thereof. In some embodiments, the ARS comprises the
nucleotide sequence of SEQ ID NO:3 or a functional variant thereof. In some
embodiments, the ARS comprises the nucleotide sequence of SEQ ID NO:5 or a
functional variant thereof. In some embodiments, the ARS comprises the nucleotide
sequence of any one SEQ ID NO:6-11 or a functional variant thereof.

In some embodiments, the ARS comprises a transcriptional terminator
sequence. The term "transcription terminator" or "transcription terminator sequence” as
used herein is intended to mean a sequence which leads to or initiates a stop of
transcription of a nucleic acid sequence initiated from a promoter. A transcription
terminator sequences may furthermore comprise sequences, which cause
polyadenylation of the transcript, for example, comprise one or more polyadenylation
signal sequences, or one or more polyadenylation attachment sequences.

The "functionally active” variant of an ARS or promoter sequence as used
herein specifically means a mutant sequence, e.g. resulting from modification of a
parent sequence by insertion, deletion or substitution of one or more nucleotides within
the sequence or at either or both of the distal ends of the sequence, and which

modification does not affect or impair the activity of this sequence. Functionally active
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variants may be generated by recombinant engineering, mutagenesis or by chemical
synthesis.

In some embodiments, the functionally active variants of the promoter or ARS
sequences disclosed herein are fragments of the parent sequence, e.g. fragments
comprising at least 50%, at least 60%, at least 70%, at least 90% or at least 95% of
the length of the parent sequence. Such fragments may be generated by deletion(s) of
the parent sequence at the 5’-end and/or 3’-end of the parent sequence.

Functionally active variants of the promoter sequences disclosed herein will
have minor variations that do not disrupt the promoter activity. Functionally active
promoter variants include promoter sequences with at least about 60% nucleotide
sequence identity, or at least any of 70%, 80%, 90%, or 95% sequence identity, to the
promoter sequences disclosed herein and/or analogous promoter sequences (e.g., the
respective promoter sequences of other yeast species such as the CAT1 promoter of
S. cerevisiae). Functionally active variants also include engineered promoter variants,
l.e., variants generated by mutagenesis, substitution, insertion or deletion of native
promoter sequences.

By “functionally active promoter” or “functionally active promoter variant” is
intended that the promoter or promoter variant initiates or enhances transcription.
Those skilled in the art recognize that functionality of a promoter is readily determined
by whether an operably linked nucleotide sequence is transcribed in the presence of
the promoter. Methods of determining if transcription and translation occur are well
known in the art and include measuring the mRNA production or protein production
that occurs when a coding sequence for a protein of interest is placed under the
control of the promoter. Necessarily, a promoter sequence incapable of inducing
transcription or translation is non-functional.

Promoter activity may be determined by standard means, such as by measuring
the quantity of expression products or the quantity of transcripts, e.g. employing a
microarray, Northern Blot, RNA sequencing or gRT-PCR, digital PCR or else in a cell
culture, such as by measuring the quantity of respective gene expression products in
recombinant cells. See, for example, Sambrook et al. (1989) Molecular Cloning: A
Laboratory Manual (2d ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y.). Alternatively, levels of a reporter gene such as green fluorescent protein (GFP),
luciferase, beta-galactosidase (lacZ), chloramphenicol acetyl transferase (CAT), or the

like produced under the control of a promoter fragment or variant promoter sequence
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can be measured. See, for example, Astola ef al. (2003); Hwang et al. (2003); Kim et
al. (2000); Volckaert et al. (1994). Biological activity of the promoter can be measured
using assays specifically designed for measuring the activity and or level of the
polypeptide being expressed from the promoter. Such assays are known in the art.

The term “functionally active ARS” or “functionally active ARS variant” refers to
an ARS that is capable of transforming a non-self replicating DNA construct into an
autonomously replicating DNA construct upon insertion of the ARS into the DNA
construct. ARS activity may be determined by the methods described herein or assays
known in the art. Typically ARS function in yeast can be easily tested by transforming
circular plasmids as demonstrated by (Liachko and Dunham, 2013; Liachko et al.
2010, 2014; Liachko, et al. 2013; Peng et al. 2015). For example, growth of single
colony on selective media when ARS present as shown in Example 2 and Fig. 2C.
Typically, plasmids without an ARS will give either no or very low numbers of
transformants, whereas ARS containing plasmids show pronounced growth and the
colony size may depend on the efficiency of the ARS. In addition, ARS function can be
demonstrated on the molecular level by investigating replication intermediates by 2D
gel analysis.

Functionally active ARS variants of the ARS sequences disclosed herein, i.e.
functionally active ARS variants of ARS sequences comprising the nucleotide
sequence of SEQ ID NO. 2, SEQ ID NO: 3 or SEQ ID NOs: 5-11, will have minor
variations that do not disrupt ARS activity. Functionally active ARS variants include
ARS sequences with at least about 60% nucleotide sequence identity to the ARS
sequences disclosed herein and/or analogous ARS sequences or truncated versions
of these sequences. In some embodiments, a functionally active ARS variant of any
one of the ARS sequences disclosed herein shows at least 60% or at least any of 70%
sequence identity, 80% sequence identity, 90% sequence identity, or 95% sequence
identity to any one of SEQ ID Nos: 2, 3, 5-11. In some embodiments, a functionally
active ARS variant of any one of the ARS sequences disclosed herein comprises or
consists of a nucleotide sequence with any one of 1, 2, 3, 4, 5,6, 7, 8, 9 up to 10
nucleotide substitution(s), insertion(s) and/or deletion(s) compared to the respective
ARS sequence of SEQ ID NOs. 2, 3, 5to 11.

The term “*homology” or “homologous” as used herein indicates that two or more
nucleotide sequences have the same or conserved base pairs at a corresponding

position, to a certain degree, up to a degree close to 100%. A homologous sequence
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of the invention typically has at least about 60% nucleotide sequence identity,
preferably at least about 70% identity, more preferably at least about 80% identity,
more preferably at least about 90% identity, more preferably at least about 95%
identity, more preferably at least about 98% or 99% identity. Specifically the term
*homologous” characterize two nucleotide sequences or a variant compared to a
parent sequence indicating the degree of sequence identity (homology) in that two or
more nucleotide sequences have the same or conserved base pairs at a
corresponding position, to a certain degree, up to 100% or a degree close to 100%.

The homologous promoter sequence or ARS sequence as described herein
preferably has a certain homology to any of the native promoter or ARS nucleotide
sequences of P. pastoris or to the heterologous C. boidinii ARS in at least specific
parts of the nucleotide sequence.

"Percent (%) identity” with respect to the nucleotide sequence of a gene is
defined as the percentage of nucleotides in a candidate DNA sequence that is identical
with the nucleotides in the DNA sequence, after aligning the sequence and introducing
gaps, if necessary, to achieve the maximum percent sequence identity over the full
length of the sequences being compared, and not considering any conservative
substitutions as part of the sequence identity. Alignment for purposes of determining
percent nucleotide sequence identity can be achieved in various ways that are within
the skill in the art, for instance, using publicly available computer software. Those
skilled in the art can determine appropriate parameters for measuring alignment,
including any algorithms needed to achieve maximal alignment over the full length of
the sequences being compared.

The term “heterologous” as used herein with respect to a nucleotide or amino
acid sequence or protein, refers to a compound which is either foreign, i.e.
“‘exogenous”, such as not found in nature, to a given plasmid or host cell; or that is
naturally found in a given plasmid or host cell, e.g., is “endogenous”, however, in the
context of a heterologous construct, e.g. employing a heterologous nucleic acid. The
heterologous nucleotide sequence as found endogenously may also be produced in an
unnatural, e.g. greater than expected or greater than naturally found, amount in the
cell. The heterologous nucleotide sequence, or a nucleic acid comprising the
heterologous nucleotide sequence, possibly differs in sequence from the endogenous
nucleotide sequence but encodes the same protein as found endogenously.

Specifically, heterologous nucleotide sequences are those not found in the same
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relationship to a host cell in nature. Any recombinant or artificial nucleotide sequence
is understood to be heterologous. An example of a heterologous polynucleotide is a
GOl not natively associated with elements of a vector backbone as described herein,
e.g. to obtain a hybrid plasmid, or a heterologous promoter operably linked to a GOl,
as described herein. As a result, a hybrid or chimeric polynucleotide may be obtained.
A further example of a heterologous compound is a POl encoding polynucleotide
operably linked to a transcriptional control element, e.g., a promoter described herein,
to which an endogenous, naturally-occurring POl coding sequence is not normally
operably linked.

Specific embodiments of heterologous sequences are derived from a species or
strains and transferred to another strain or species which differs from the original
(parent) one. It is expressly understood that any of the heterologous promoter or ARS
sequences of the present invention that are derived from species other than P.
pastoris, e.g. from other yeast species, may comprise a homologous sequence, i.e. a
sequence with a certain homology as described herein. Thus, the term *homologous”
may also include heterologous sequences. On the other hand, it is understood that the
invention also refers to heterologous sequences and homologs thereof that comprise a
certain homology.

The term "operably linked" as used herein refers to the association of nucleotide
sequences on a single nucleic acid molecule, e.g. a vector, in a way such that the
function of one or more nucleotide sequences is affected by at least one other
nucleotide sequence present on said nucleic acid molecule. For example, a promoter
is operably linked with a coding sequence of a recombinant gene or GOI, when it is
capable of effecting the expression of that coding sequence. As a further example, a
nucleic acid encoding a signal peptide is operably linked to a nucleic acid sequence
encoding a POI, when it is capable of expressing a protein in the secreted form, such
as a preform of a mature protein or the mature protein. Specifically, such nucleic acids
operably linked to each other may be immediately linked, i.e. without further elements
or nucleic acid sequences in between the nucleic acid encoding the signal peptide and
the nucleic acid sequence encoding a POL.

A promoter sequence is typically understood to be operably linked to a coding
sequence, if the promoter controls the transcription of the coding sequence. If a

promoter sequence is not natively associated with the coding sequence, its



10

15

20

25

30

WO 2017/055436 PCT/EP2016/073240
-31-

transcription is either not controlled by the promoter in native (wild-type) cells or the
sequences are recombined with different contiguous sequences.

The ARS comprised in the episomal plasmid described herein is characterized
by not being operably linked to the GOI or any promoter that is operably linked to the
GOl. Therefore, the ARS is considered as a nucleotide sequence which is expressing
its function independent of the GOl expression or a respective promoter which controls
the GOI expression. Though the ARS may be derived from a native promoter
sequence, its function in the episomal plasmid described herein is not the function of a
promoter controlling the expression of a GOl. In specific cases, it is preferred that the
ARS is positioned outside an expression cassette that comprises the GOI.

A "selectable marker” or "selection marker" refers to a gene (or the encoded
polypeptide) that confers a phenotype which allows the organism expressing the gene
to survive under selective conditions. A selectable marker generally is a molecule that,
when present or expressed in a cell, provides a selective advantage (or disadvantage)
to the cell containing the marker. For example, the genetic markers for selection of
transformants can include the ability to grow in the presence of an agent that otherwise
would Kill the cell, the ability to grow in the absence of a particular nutrient, a selection
marker that allows a transformed cell to grow on a medium devoid of a necessary
nutrient that cannot be produced by a deficient and untransformed cell, a selection
marker that allows a transformed cell to grow on medium, e.g., an energy source, that
cannot be used/metabolized by a deficient and untransformed cell, or a selection
marker that encodes an enzyme for which chromogenic substrates are known.

In some embodiments, the selection marker provides resistance to a drug,
including, but not limited to, G418/Geneticin, Nourseothricin (Nat), Zeocin, Blasticidin,
Hygromycin, fluoroacetamide, and 2-deoxyglucose. In some embodiments, the
selection marker provides resistance to a gene encoding a protein causing cell death
such as a killer toxin or the ribonuclease MazF.

The selectable marker system may include an auxotrophic mutant P. pastoris
host strain and a wild type gene which complements the host's defect, herein referred
to as selection marker based on auxotrophy. Examples of such selectable marker
systems include, but are not limited to amino acid auxotrophy such as arginine,
methionine or histidine auxotrophy or nucleotide biosynthesis auxotrophy such as

uracil auxotrophy or thymidine auxotrophy.
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The selectable marker system may include a wildtype or mutant P. pastoris host
strain, which is not able to use certain nutrients and a gene which complements the
host's defect. Examples of such selectable marker systems include, but are not limited
to glycerol utilization, sucrose utilization, methanol utilization, inulin utilization,
cellobiose utilization, and nitrogen source utilization.

In some embodiments, the selection marker is based on glycerol utilization,
where the cell is unable to metabolize glycerol efficiently to use it as a carbon source
for growth. For example, a cell deficient in the gene encoding glycerol kinase, GUTT,
such as a P. pastoris gut-1 knock out strain, which does not grow well in the presence
of glycerol unless transformed with a complementation plasmid containing the wild-
type GUTT gene. In some embodiments, the S. cerevisiae or P. pastoris HIS4 gene is
used to complement his4 Pichia mutant strains. In some embodiments, the S.
cerevisiae or P. pastoris ARG4 gene is used to complement P. pastoris arg mutants.
Also met2, adel, ura3 and urab auxotrophies can be complemented using the
respective wildtype genes MET2, ADE1, URA3 and URAS.

The episomal plasmid vector specifically described herein comprises the ARS of
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:5, or SEQ ID NO:6-11, or a functional variant
of any of the foregoing. In some embodiments, the episomal plasmid vector further
comprises a promoter sequence (e.g., a fungal or yeast promoter sequence) including
but not limited to upstream sequences linked to the genes CAT1, AOX1, GAP, AOD,
AOX2, DAS1, DAS2, ENO1, FLD1, FMD, GPM1, HSP82, ICL1, ILV5, KAR2, KEX2,
PET9, PEX8, PGK1, PHO89/NSP, SSA4, TEF1, THIM1, TP, YPT1, GTH1, GCW14,
and GUT1 of P. pastoris or a functionally active variant thereof or (heterologous)
promoter sequences linked to the homologs and/or analogues of these genes from
other organisms. For example, the episomal plasmid vector comprises the CAT
promoter of P. pastoris or other yeasts or the promoter of the alcohol oxidase gene of
C. boidinii or other yeasts In some embodiments, the episomal plasmid vector
comprises the ARS of SEQ ID NO:2 or SEQ ID NO:3, or a functionally active variant of
SEQ ID NO:2 or SEQ ID NO:3, or the ARS of SEQ ID NO:5 or a functionally active
variant thereof and a CAT1 promoter sequence (e.g., a fungal or yeast CAT1 promoter
sequence such as the CAT1 promoter sequence of P. pastoris, S. cerevisiae or A.
nidulans) or a functionally active variant thereof or the C. boidinii AOD promoter
sequence (SEQ ID NO:5) or variants thereof such as SEQ ID NO:6-11. Preferred
embodiments are any combinations of SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:5, or
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SEQ ID NO:6-11, or functionally active variants thereof with the CAT1 promoter or with
the AOX1 promoter, or with the histone promoters, or with the GAP promoter or with
DAS promoters, or with functionally active variants thereof.

In some embodiments, the plasmid comprises an ARS sequence (i.e., the ARS
sequence of SEQ ID NO:2, SEQ ID NO:3, or SEQ ID NO: 5 or a functionally active
variant of any of the foregoing, such as the ARS of SEQ ID NO:6-11), a promoter
sequence and a transcription terminator sequence which are arranged overlappingly
over a sequence of less than 700 base pairs. “Overlappingly” as used herein indicates
that the ARS, promoter and/or terminator sequence have one or more nucleotide
positions (e.g. at least 5, 10, 15, 25, 50, 100) in common. For example one or more
nucleotide positions (e.g. at least 5, 10, 15, 25, 50, 100, 200) at the 5'end of the
promoter sequence may be part of the ARS sequence and the ARS and the
transcriptional terminator might totally overlap (Ref: Chen et al, NAR 1996).

As used herein, a "contiguous DNA sequence” is a DNA sequence that includes
specified elements(e.g.,, an ARS and a promoter sequence) which elements are
substantially uninterrupted by unspecified elements.

The term “cell” or *host cell” as used herein refers to a cell or an established
clone of a particular cell type that has acquired the ability to proliferate over a
prolonged period of time. A host cell particularly includes a recombinant construct, e.g.
engineered to express recombinant genes or products. The term “host cell” also refers
to a recombinant cell line as used for expressing a gene or products of a metabolic
pathway to produce polypeptides or cell metabolites mediated by such polypeptides,
including production cell lines, which are ready-to-use for cultivation in a bioreactor to
obtain the product of a production process, such as a protein of interest (POI) or a cell
metabolite. The cells may be specifically prokaryotic or eukaryotic, including
mammalian, insect, yeast, filamentous fungi and plant cells. In some embodiments the
host cell is a yeast cell, specifically the yeast Pichia, Candida, Torulopsis, Arxula,
Hansenula, Yarrowia, Kluyveromyces, Saccharomyces, Komagataella. Preferably the
host cell is a P. pastoris cell, in particular a wild-type strain or a mutated strain,
preferably a KU70 deletion strain of P. pastoris.

The P. pastoris strain may be a wild type strain or a genetically engineered
strain such as a knockout strain (Naatsaari et al. 2012). In some embodiments the

GUT1 knockout strain is utilized.
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The term “cell culture” or “cultivation”, also termed “fermentation”, with respect
to a host cell described herein is meant the maintenance of cells in an artificial, e.g., an
in vitro environment, under conditions favoring growth, differentiation, protein
expression or continued viability, in an active or quiescent state, of the cells,
specifically in a controlled bioreactor according to methods known in the industry. The
host cell culture may be a batch culture, a fed-batch culture or continuous culture,
specifically when the host cell culture is performed for expressing a GOl and producing
a POLl.

The term “batch culture” as used herein refers to a method of culturing cells in
which all the components that will ultimately be used in culturing the cells, including the
medium as well as the cells themselves, are provided at the beginning of the culturing
process. A batch culture is typically stopped at some point and the cells and/or
components in the medium are harvested and optionally purified.

The term “fed-batch culture” as used herein refers to a method of culturing cells
in which additional components are provided to the culture at some time subsequent to
the beginning of the culture process either periodically or continuously. The provided
components typically comprise nutritional supplements for the cells that have been
depleted during the culturing process. The fed-batch strategy is typically used in bio-
industrial processes to reach a high cell density in the bioreactor. The controlled
addition of the nutritional components, e.g., carbon substrate, directly affects the
growth rate of the culture and helps to avoid overflow metabolism or the formation of
unwanted metabolic byproducts. A fed-batch culture is typically stopped at some point
and the cells and/or components in the medium are harvested and optionally purified.

A fed-batch process may be based on feeding of a growth limiting nutrient
substrate (e.g. carbon source) to a culture. For example, under carbon source limited
conditions, the carbon source specifically may be contained in the feed of a fed-batch
process. Thereby, the carbon substrate is provided in a limited amount.

A “continuous culture” is used herein to describe a culture characterized by both
a continuous inflow of a liquid nutrient feed and a continuous liquid outflow. Also in a
continuous culture the growth rate can be tightly controlled.

The term “carbon source” as used herein shall mean a fermentable carbon
substrate, typically a source carbohydrate, suitable as an energy source capable of
being metabolized by host organisms or cell cultures, in particular sources selected

from the group consisting of monosaccharides (e.g., glucose, fructose, sorbitol,
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galactose or mannose) disaccharides (e.g., sucrose), oligosaccharides,
polysaccharides, alcohols including glycerol, methanol and ethanol, in the purified
form, in minimal media or provided in raw materials, such as a complex nutrient
material. The carbon source may be used as a single carbon source or as a mixture of
different carbon sources such as a mixture of a hexose such as glucose, and an
alcohol, such as glycerol or ethanol.

As used herein, the term “expression” refers to the process by which a
polypeptide is produced based on the nucleic acid sequence of a gene. The process
generally includes both transcription and translation. Expression can be determined at
the protein or nucleic acid level, using methods known in the art including Northern
hybridization analysis, reverse-transcription-based quantitative PCR assays, digital
PCR, microarray analysis, Western blot, immunoassays, fluorescence of reporter
proteins or tagged proteins, or assays based on the biological activity of the protein
(e.g. enzymatic assays).

For example, the activity of the biocatalysts such as the hydroxynitrile lyase
from Manihot esculenta (MeHNL) and Linum usitatissimum (LuHNL) may be
determined using assays based on cleavage of cyanohydrin. Such assays are well
known in the art.

LuHNL activity may be measured by mixing lysate supernatants or dilutions
thereof with citrate phosphate buffer (pH 5.0, 50 mM) and the substrate acetone
cyanohydrin (300 mM) dissolved in citric acid (100 mM). The samples are incubated
for 10 min and subsequently N-chlorosuccinimide (100 mM) and succinimide (1 M ) are
added to stop the reaction (incubated for 5 min). Barbituric acid (125 mM) and
isonicotinic acid (65 mM) in 0.2 M NaOH are added for color development, which is
measured at 600 nm for 10 min. A calibration curve with potassium cyanide (KCN) in a
range of 0.025 to 0.2 mM is used to determine the absolute activities.

MeHNL activity may be determined using a mandelonitrile cyanogenesis assay
described in literature (Wiedner et al. 2014) using a final mandelonitrile concentration
of 15 mM.

Expression levels of fluorescent reporter proteins such as eGFP may be
determined by measuring fluorescence at the main excitation/emission wavelengths
(for eGFP at excitation/emission, ex./em., wavelengths of 488/507 nm) and absorption
(600 nm, OD600) as described in (Vogl et al. 2014).
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As used herein the term “transformation” refers to the introduction of a plasmid
vector or vector backbone and/or insert into a cell. Accordingly, a cell into which a
plasmid vector has been introduced is considered a “transformant.”

Transformation efficiency may be determined by calculating colony forming units
per ug of transformed DNA. The transformation rates are specific for the used vector or
vector backbone and the employed amount of DNA and might vary when other vectors
or DNA concentrations are used. For example transformation rates usually drop with
an increase of the vector size and with higher amounts of DNA used for
transformation. When lower amounts of DNA are used (for example 10
ng/transformation) then transformation rates are calculated and related to 1 ug of DNA.
This may result in higher transformation rates compared to the rate obtained from
direct transformation with 1 pg of DNA.

The term “uniform” protein expression as used herein refers to less variable
expression levels of the POl between different transformants or between different
cultures inoculated with the same transformant.

As described herein it was surprisingly found that the plasmid vectors described
herein are capable of stable and increased expression of proteins of interest. Further,
transformation of eukaryotic cells with the plasmid vectors described herein results in
increased transformation efficiencies and uniform protein expression between
individual transformants.

Provided herein are methods of transforming P. pastoris with an episomal
plasmid, isolating such plasmid from P. pastoris and of directly using such isolation for
the transformation of competent P. pastoris cells again. Such method does not rely on
E. coli to amplify plasmid DNA for transformation of Pichia and accelerates breeding
cycles for example for directed enzyme evolution or antibody engineering employing P.
pastoris as a host.

Provided herein are methods of expressing a POl in a eukaryotic cell using the
plasmid vectors as described herein. In some embodiments, the cells are cultivated
under selective conditions, e.g., in the presence of a drug such as zeocin or geneticin
or a nutrient which is not tolerated/metabolized by a cell not being transformed with a
plasmid vector as described herein.

In some embodiments, expression of a POl is increased at least 1.5 fold,

preferably at least 3 fold, more preferably at least 5 fold or at least 10 fold compared to
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protein expression of the same POl using genomic integration of a linear expression
cassette comprising the gene of interest encoding the POI.

In some embodiments, transformation efficiency of a plasmid vector described
herein comprising a gene of interest is increased at least 20 fold compared to
transformation efficiency of a linear expression cassette comprising said gene of
interest. In some embodiments, transformation is increased at least 50 fold, at least
100 fold, at least 200 fold, at least 300 fold, at least 500 fold, or at least 500 fold.

In some embodiments, protein expression of a POIl in individual transformants
with an episomal plasmid vector as described herein is at least 1.5 fold more uniform
compared to protein expression using genomic integration of a linear expression
cassette comprising the gene of interest encoding said POI.

In some embodiments, protein expression of individual transformants obtained
with the episomal plasmid vectors described herein is at least 1.2 fold more uniform
compared to protein expression using episomal plasmid based expression employing a
state of the art P. pasforis ARS1 based plasmid with an expression cassette
comprising the gene of interest encoding the POI.

Protein expression and/or transformation efficiency using the methods and
episomal plasmids described herein may be influenced/regulated by the type of
selection marker and may also vary if variants of the selection marker or alternative
promoters or terminators driving transcription of a selection marker are used. For
example, protein expression of a particular POl may be increased using Geneticin as
selection marker compared to using Zeocin resistance. Methods of determining protein
expression to compare the respective expression levels are known in the art and
described herein.

The plasmid copy number maintained in the cell may vary, if selection pressure
is applied, depend on the employed selection marker and may also vary in
dependence of the concentration of the substance used for selection. Analytical
methods to determine plasmid copy numbers are known in the art and include for
example gPCR, digital PCR, Southern Blotting or other hybridization techniques.

Protein expression and/or transformation efficiency using the methods and
plasmids described herein may also be influenced by cultivation methods such as type
of nutrients, feed rates and/or concentration of nutrients and/or the concentration of

compounds added to the media to tune the selection pressure.
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Furthermore provided herein are methods of generating episomal plasmid
vectors in Pichia pastoris using in vivo homologous recombination. Specifically, the
inventors have found that transformation of (i) ARS based vectors (in particular vectors
comprising an ARS sequence of C. boidinii such as sequences comprising SEQ ID
NO: 5-11) comprising homologous recombination site(s) together with (ii) inserts
comprising a GOl with 5 end 3’ flanking sequences that are homologous to the
recombination site(s) on the vector into a KU70 deletion strain of Pichia pastoris results
in episomal plasmids comprising the GOIl.  Notably, vectors comprising ARS
sequences from yeast other than P. pastoris, are functional in a Pichia pastoris.

The term "Pichia pastoris” as used herein shall refer to methylotrophic yeasts
including several different species such as from Pichia or Komagataella, e.g. Pichia
pastoris, or Komagataella pastoris, or K. phaffii, or K. pseudopastoris. Examples of P.
pastoris strains include CBS 704 (=NRRL Y-1603 = DSMZ 70382), CBS 2612 (=NRRL
Y-7556), CBS 7435 (=NRRL Y-11430), CBS 9173-9189 (CBS strains: CBS-KNAW
Fungal Biodiversity Centre, Centraalbureau voor Schimmelcultures, Utrecht, The
Netherlands), and DSMZ 70877 (German Collection of Microorganisms and Cell
Cultures), but also strains from Invitrogen, such as X-33, GS115, KM71 and SMD1168,
or from BioGrammatics, Inc., such as BG10 and mutants thereof, e.g. BG11.

The term "Pichia pastoris KU70 deletion strain” as used herein refers to a Pichia
pastoris strain (e.g. the wild-type strain CBS7435 (NRRL-Y11430, ATCC 76273) or the
GS115 strain in which the Pichia pastoris homologue of the ku70 gene (e.g. the ku70
gene of P. pastoris with Accession No: XM_002492501.1; FR839630, region 1598101-
1599963) has been modified (e.g. deleted or disrupted) at the genomic level to
eliminate functional KU70 activity, e.g. to inhibit the activity or functionality. This
includes, but is not limited to, complete or partial deletion of the gene (comprising the
promoter, open reading frame and terminator); introduction of one or more mutations
that alter transcription or translation of the gene or encoded mRNA, respectively; and
introduction of one or more mutations that inactivate the protein activities. Examples in
which protein activity/functionality can be abrogated or disrupted include, but are not
limited to, 1) deletion or disruption of the upstream or downstream regulatory
sequences controlling expression of the gene; 2) mutation of the gene encoding the
protein activity to render the gene non-functional, where "mutation” includes deletion,

substitution, insertion, or addition into the gene to render it incapable of activity.
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In some embodiments, the KU70 deletion strain is a P. pastoris strain
comprising a partially deleted ku70 gene with a partial deletion of the ku70 gene,
thereby inactivating the gene or its expression product. In some embodiments, the
KU70 deletion strain is a P. pastoris strain with a gene deletion of the KU70
homologue of P. pastoris as described in Naaatsaari et al. 2012. The KU70 homologue
of P. pastoris is characterized by the sequence information identified In Fig. 33 (SEQ
ID 87).

The KU70 deletion strain used for the purpose described herein was surprisingly
suitable for biosynthesis and stably maintaining the episomal plasmid described herein
over a long period of time.

Examples

The Examples which follow are set forth to aid in the understanding of the
invention but are not intended to, and should not be construed to limit the scope of the
invention in any way. The Examples do not include detailed descriptions of
conventional methods, e.g., cloning, transfection, and basic aspects of methods for
overexpressing proteins in microbial host cells. Such methods are well known to those
of ordinary skill in the art.

Materials and Methods

Strains, materials, media and cultivations conditions

For cloning and plasmid propagation an Escherichia coli Top10 F’ strain was
used. P. pastoris transformations were mostly performed with the CBS7435 wildtype
strain and an AOX1 deletion variant thereof (Naatsaari et al. 2012). Alternatively P.
pastoris BG10, which is a killer plasmid free derivative of the NRLL-Y-11430 wt strain
and BG11, the AOX1 deletion variant thereof were used (both strains obtained from
bisy e.U., Hofstaetten, Austria). The GUT71 complementation plasmids (Naatsaari et al.
2012) were transformed into a gut? knockout variant of the CBS7435 wt strain. Kits for
plasmid isolation, gel purification and enzymes for cloning were used as recently
described (Vogl et al. 2014). Gibson assemblies were performed following standard
procedures (Gibson et al. 2009) using T5 exonuclease and Tag DNA ligase from New
England Biolabs (lpswich, MA, USA) and Phusion polymerase from Thermo Fisher
Scientific (Waltham, MA, USA). Sanger sequencing was performed by LGC Genomics
GmbH (Berlin, Germany) and Microsynth AG (Balgach, Switzerland). Media were
prepared as outlined by Weis et al. (2004), in short standard buffered minimal media

with 1% (w/v) glucose/dextrose (BMD) and full media (yeast extract, peptone, 2%
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glucose; YPD) were used. Additionally also buffered minimal medium with 1% (w/v)
glycerol (BMG) was used (Naatsaari et al. 2012). The following antibiotic
concentrations were used: E. colii LB-medium containing 25 ug/ml Zeocin, 50 ug/mi
Kanamycin, 100 ug/ml Ampicillin; P. pastoris: 100 pg/ml Zeocin, 300 pg/ml Geneticin.
Zeocin selection in liquid minimal BMD media was attempted, but failed (presumably
because of the pH or the high ionic strength). Therefore we used full media for Zeocin
and Geneticin selection experiments. Deep well plate cultivations were performed as
previously described (Weis ef al. 2004), however no methanol induction was required
for Pcars driven expression and the protocol therefore stopped after growth on glucose
and its depletion. Shake flask cultivations were performed in 250 ml baffled flask (25
ml BMD starting volume) with a starting ODegg of 0.05. The flasks were induced after
48h with 25 ml BMM2 (1% methanol v/v to achieve a final concentration of 0.5%) and
after 12 h, 24 h after the first induction with BMM10 (5% methanol v/v) (Weis et al.
2004). Glucose concentrations were measured using a hexokinase method based kit
(Glucose UV kit, DIPROmed (Vienna, Austria)).

Plasmid construction

eGFP reporter gene constructs with different selection markers are based on
the shuttle vectors reported by Naatsaari et al. (2012). For Zeocin selection we used
the restriction site free cloning (RSFC) vector pPpT4mutZeoMlyl-intArg4-eGFP-
Bmristuffer previously reported (Vogl et al. 2015 based on the pPpT4_S vector
(Naatsaari et al., 2012). Pcar1-1000, Pcati-692 and Pcarr-500 vectors were available from a
previous study.

The 264 bp putative ARS identified in the Pcars.s92 promoter fragment (putARS-
Pcar1) was cloned into the above mentioned eGFP RSFC reporter vector by replacing
the stuffer fragment by Gibson assembly (Gibson et al., 2009) after PCR amplification
using primers intARG4-pCAT1-764-Gib and eGFP-pCAT1-501rev-Gib (see Table 1)

and followed by sequence verification.
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Table 1: Primers used in this study.

Name

Sequence

intARG4-pCAT1-764-Gib

Gttagtagatatttataccatictgcgagaaggicctaaaagigegaggaagaataaaaatacigcetic;
SEQ ID NO:14

eGFP-pCAT1-501rev-Gib

Agtgaaaagttctictcctttgctagecatcgtagaaaaaaatgiggtgaaacagtticataagagttatat
ac; SEQ ID NO:15

AOX1TT-BamHI-plLV5-
Gibson

Cagaagattaagtgagaccticgtitgtgcggatccttcagtaatgtctigtitettttgttgcag; SEQ 1D
NO:16

pUC-Ori-Psti-AODTT-
Gibson

Ctacgggglctgacgctcagtggtacctgcagcetaaggtaatcagatccaagtitccecaate;  SEQ

ID NO:17

AOX1TT-BamHI-pGUT1-
Gibson

Cagaagattaagtgagaccticgtitgtgcggatccataccgaaaggtaaacaacticggggaatty;
SEQ ID NO:18

AmpR-GUT1TT-Gibson

Ggegtatcacgaggecectitcgtctgecagagctgtcacatacttgaaatagggtty
SEQ ID NO:19

GUTITT-AmpR-Gibson

Caaccctatttcaagtatgtgacagcictggcagacgaaagggcectegtgatacgee
SEQ ID NO:20

pUC-Ori-AmpR-Gibson

Gatctttictacggggtctgacgcicagtaacgaaaactcacgttaagggatttiggtc

SEQ ID NO:21

The one piece combination of the ARS and Pcars (Pcarr-692) Was also tested
with alternative selection markers Geneticin and gut! complementation (Naatsaari et
al., 2012). For Geneticin selection, the resistance cassette of the Zeocin vector was
replaced with the Kanamycin/Geneticin cassette from pPpKan_S (Naatsaari et al,
2012) (this cassette confers resistance to Kanamycin in E. coli and Geneticin in P.
pastoris). The GUTT cassette was amplified from pPpGUT1r (Naatsaari et al., 2012)
(glycerol complementation for P. pastoris, Ampicillin for E. coli).

The Zeocin based reporter vector containing Pcarr-692 Was digested with BamHl
and Pstl and the backbones gel purified. The Kan/Gen resistance cassette was PCR
amplified from pPpKan_S using primers AOX1TT-BamHI-plLV5-Gibson+pUC-Ori-Pstl-
AODTT-Gibson and incorporated into the vector backbones by Gibson assembly. The
GUT1 cassette was amplified from pPpGUT1 using primers AOX1TT-BamHI-pGUT1-
Gibson and AmpR-GUT1TT-Gibson, the ampicillin cassette with primers GUT1TT-
AmpR-Gibson and pUC-Ori-AmpR-Gibson. The two PCR fragments were assembled
with the above mentioned BamH| and Pstl backbone.

Transformation, fluorescence measurements and gut1 strain

Competent P. pastoris cells were prepared and transformed using the
condensed protocol of Lin-Cereghino et al. (Lin-Cereghino et al., 2005). If applicable,
plasmids were linearized with Swal and one ug transformed, for circular plasmids 10
ng were transformed. To avoid contaminations of linearized plasmids with uncut
circular forms, the linearization reactions were loaded on agarose gels and the band

corresponding to the linearized form was cut and purified.




10

15

20

25

30

WO 2017/055436 PCT/EP2016/073240
42-

eGFP fluorescence (ex./em. 488/507 nm) and absorption (600 nm, ODeggo) were
measured and normalized using a Synergy MX plate reader (Biotek, Winooski, VT,
USA) as outlined previously (Vogl et al., 2014).

The gut? knock-out strain reported previously (Naatsaari et al. 2012) was
achieved in a ku70 knockout strain. We aimed to use the wildtype strain background
and created a gut? knockout following a similar strategy as Naatsaari et al. (2012). The
strain was identified by screening transformants obtained on YPD+Zeo media for
abolished growth on glycerol.

Example 1: Mapping the ARS region of Pcary

The Pcarr length previously used was selected upstream from the start codon of
the CAT1 gene up to the end of the adjacent gene LCPS5, resulting in a 692 bp
fragment (Pcarr-92; Fig. 1A). Analysis of the promoter sequence revealed an AT-rich
stretch in the 5° end of Pcarre02 (Fig. 1A). Shortening the promoter to 500 bp length
(Pcari-500) removes the AT-rich stretch. AT-rich sequences are a common ftrait of
transcription terminators and ARSs (Chen, Reger, Miller, & Hyman, 1996). Recently
ARSs of P. pastoris have been mapped by a high-throughput screen (Liachko et al.
2014) based on deep sequencing (ARS-seq. (Liachko et al. 2013)). Liachko et al.
(2014) thereby identified an ARS in Pcars and mapped the functional core to a 388 bp
fragment (Fig. 1A). No functional analyses were performed by Liachko et al.

We cloned different fragments of Pcars into a vector containing an enhanced
green fluorescent protein (eGFP) reporter gene to test if this ARS in Pcars is causing
strain instabilities and background growth (small colonies) especially in case if stress
situations such as transformations or freeze/thaw cycles. Pcars-1000, Pcat1-692 and Peary-
500 provide different lengths of the promoter, the AT-rich stretch (264 bp) was selected
as putative ARS of Pcars (putARS-Pcars) with a shorter length than the functional core
of Liachko et al. (Fig. 1A).

P. pastoris cells were transformed with both circular and linearized forms of
these vectors (Fig. 2A). Linearization of plasmids results in highly recombinogenic
DNA ends which drastically increase genomic integration rates compared to the
circular form in yeast (Orr-Weaver, Szostak, & Rothstein, 1981). Standard P. pastoris
vectors do not contain ARSs and cannot replicate episomally. Therefore transformation
of cells with the circular form of the empty vector as control did not give any colonies
(Fig. 2A). Transformation with the circular forms of Pcarr.1000, Pcarr-692 and putARS-

Pcar1 did however show pronounced growth, whereas Pcarss00 did not show any
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growth. Transformations with linearized forms of the plasmids resulted in transformants
for all plasmids. These results confirm the function of the AT-rich stretch of Pcars as
ARS.

Transformants with stable genomic integration of any promoter length tested
showed identical reporter fluorescence (Fig. 1B, Fig 3A), suggesting that the length of
the ARS part is not affecting the strength of Pcars . Also the regulatory profile
(repression/derepression/ induction) was not affected, as demonstrated by comparing
the three different promoter lengths in a time series (Fig. 1B). As these sequences
behaved identically, it was concluded that the ARS is not required for the
transcriptional regulation of Pcars by any means.

Example 2: Vectors bearing the ARS of Pcars can replicate episomally even
after linearization

For transformations with linearized ARS containing sequences (Pcarr-1000, Pcati-
692 and putARS-Pcarr) two distinct types of colonies could be noticed: Big colonies (of
similar size as the empty vector control and Pcarr-s00) and smaller colonies (Fig. 2A). If
the cells are incubated longer, the difference between the colonies gets less
pronounced, suggesting different growth rates.

To determine whether the small colonies may be episomal, non-genomically
integrated versions of these vectors, similar to transformants of the circular plasmids,
big and small colonies of the constructs were grown in liquid culture in 96 well deep
well plates under selective (YPD+Zeocin) and non-selective conditions (YPD) and
subsequently stamped to selective and non-selective media (Fig. 2B). Big colonies of
any construct showed uniform growth independent of the cultivation conditions with
sizes comparable to colonies of the empty vector. Small colonies showed identical
growth to big colonies on non-selective media. But if small colonies were transferred
from non-selective media to selective media, they showed weak growth similar to
circular plasmids. This would be the expected outcome for episomal plasmids: Under
non-selective conditions the plasmids are not efficiently propagated and only
maintained in a subset of the cell population, resulting in weaker growth. If the small
colonies or circular plasmids are pre-grown under selective conditions, plasmid loss is
depending on the experimental conditions: Either less severe than under non-selective
conditions (Fig. 2B) or completely rescued (Fig. 6), fully restoring growth under

selective conditions.
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Since stamping from liquid culture involves a mixed population of cells, big and
small colonies were streaked from linearized Pcarr.692 and also colonies from a circular
transformation on selective and non-selective agar plates. Subsequently single
colonies were picked and streaked on selective media (Fig. 2C). As expected, big
colonies maintained growth under any condition (identical to Pcars-s00) whereas small
colonies and circular plasmids lost the ability to grow on selective media when pre-
cultivated under non selective conditions.

From these results it was concluded, that big colonies contain stably integrated
cassettes in the genome, whereas small colonies bear episomally replicating plasmids,
providing an explanation for stability issues observed previously. This effect is not
specific for selection with Zeocin but occurred also with Geneticin and
complementation gut? knockout strain showing a deficiency in glycerol metabolization.

Notably, the empty vector and Pcary-500 are only showing tiny additional colonies
(Fig. 2A). Even if the plates are incubated for a longer time these colonies do not
increase in size and also do not grow if streaked again on selective media. Since
transformation of circular forms of the empty vector and Pcars-500 are not showing any
growth, we assume that the tiny colonies are not related to ARSs and caused by a
different phenomenon.

Example 3: The ARS of Pcars enables high episomal expression under
selective pressure

Besides the stamping experiments of Fig. 2B, also the fluorescence of the eGFP
reporter was measured from the different lengths and colony sizes of Pcars (Fig. 3A).
Surprisingly, small and big colonies showed similar reporter fluorescence when
cultivated under non-selective conditions, suggesting that effect of the plasmid loss
observed in (Fig. 2B,C) is not severely affecting reporter protein fluorescence upon
growth in deep well plates in full media. However, strains bearing episomal plasmids
(linearized small colonies, circular) showed on selective media a five-fold higher
reporter protein fluorescence than under non-selective conditions or compared to
genomic integration (any big colonies, Pcarr.s00) (Fig. 3A). This effect was even more
pronounced with a different selection marker (Geneticin) leading to a more than seven-
fold increase (Fig. 3B).

These results suggest that the episomally replicating plasmids under selective

pressure are simple tools for increasing expression.
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Despite increased yields, it would be in most cases economically unfeasible to
maintain selective pressure in larger scale cultivations using Zeocin or Geneticin, two
relatively expensive antibiotics. Therefore the ARS was combined with selection by
glycerol utilization. Hereto, a glycerol kinase 1 (gut1) knock out strain unable to
metabolize glycerol efficiently was used and transformed with complementation
plasmids containing the wild-type GUTT gene with its own promoter and terminator
(Naatsaari et al. 2012) and Pcarr.s92 driving expression of the eGFP reporter gene.
Since Pcarr.e92 and Pearr1000 Showed identical behavior in presence of Zeocin in the
media, alternative selection markers were only tested with the shorter promoter variant
Pcati-s92. Similarly to Zeocin or Geneticin enhanced expression, also a more than 4.4-
fold increased reporter protein fluorescence under selective conditions (glycerol as
sole carbon source) was obtained (Fig. 3C), proving that also carbon source based
selection is suitable to strongly increase expression from episomal plasmids.

Instability issues were previously especially noted when re-cultivating Pcars ARS
containing plasmids from glycerol stocks. Therefore a glycerol stock of the cultivations
shown in Fig. 2B and Fig. 3A was used to inoculate selective and non-selective media
(Fig. 6). Plasmid loss determined by stamping assays on selective and non-selective
media was even more severe than from direct inoculation (Fig. 6A versus Fig. 2B).
Interestingly, in this case also the fluorescence of plasmid bearing constructs strongly
decreased under non-selective conditions, suggesting almost complete plasmid loss
(Fig. 6B versus Fig. 3A). These results imply that the ARS plasmids are more prone to
loss under stress conditions such as freezing and re-cultivation.

Example 4: The combination of Pcars and its endogenous ARS provide a
screening system with improved transformation rates, increased yields and higher
landscape uniformity

Transformation efficiencies of the circular ARS plasmid were on average 108
fold higher than using linearized expression cassettes needed for genomic integration
(Fig. 5). High transformation efficiencies are needed when performing protein
engineering and screening large random libraries of variants. However, such screening
systems must not add additional bias to the results. Differences between variants
should solely arise from mutations in the gene of interest and not because of different
copy numbers or integration events. The episomal Pcary plasmid was tested for the
expression of industrially relevant biocatalysts (hydroxynitrile lyases from Manihot

esculenta (MeHNL) and Linum usitatissimum (LuHNL)). A larger number of
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transformants was screened to compare the uniformity of the expression landscape of
episomal replication (Pcarr.692) and genomic integration (Pcarr-se0) (Fig. 4) As for the
eGFP reporter gene (Fig. 3), also MeHNL and LuHNL expressed from episomal
plasmids under selective pressure showed increased expression compared to genomic
integration (3.5 and 4.9 fold comparing the mean values of the whole landscapes).
Therefore the beneficial effects of the easy to fold and maintain eGFP could also be
reproduced for more complex enzymes. Due to higher transformation efficiencies,
considerably lower amounts of the plasmid (10 ng) could be used to achieve similar
numbers of transformants of linearized cassettes. In addition no restriction
endonuclease digestion and purification/desalting steps are needed for the ARS
plasmids shortening experimental time and reducing costs.

The episomal Pcars plasmid resulted also in up to 3.5-fold more uniform
expression than genomic integration (comparing the standard deviations in percent).
For MeHNL, the transformant with the highest activity from genomic integration
reached similar activity as average ARS transformants. For LuHNL the best
genomically integrated transformant reaches only activity comparable to the worst
episomal transformant. Some genomically integrated transformants did not show any
detectable activity, while all episomal transformants were active. Clonal variability of
genomic integration is known for P. pastoris (Cregg et al. 2009) and may be
attributable to differences in copy number or the locus of genomic integration. P.
pastoris has lower rates of homologous recombination than S. cerevisiae and
linearized cassettes integrate at rates between less than 0.1 % up to 30% (Naatsaari
et al. 2012). Relatively high amounts of linearized DNA (3.5 ug) were used to obtain
also multi copy strains, which may lead to a higher variability of the landscape. To this
end also lower amounts of plasmid typically resulting only in single copy integration
were transformed, resulting in improved landscape uniformities (Fig. 8). The use of
larger amounts of DNA for transformation may be preferable in order to obtain libraries
with high numbers of individual transformants. Several transformations have to be
done and transformants need to be pooled if low amounts of DNA are employed.

Example 5: High expression levels can be obtained with the new ARS and
truncated variants thereof.

The different ARSs (Accession: M11199, SEQ ID: NO3, 5,6, 7, 8, 9, 10, 11 and
12) were cloned into pPpT4mutZeoMlyl-intArg4-EGFP-pCAT1-500, which also served

as integrated control, between the transcription terminator of the selection marker and
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the E. coli origin. The ARSs were PCR amplified using the primers listed in Table 2,
and cloned into the Pstl linearized vector with Gibson assembly (Gibson et al. 2009).
AOD-F6 was amplified using the primers AODTT-Pstl-CbAOD1ARS-F3-Gib and pUC
Ori-Kpnl-CbAOD1ARS-F5-Gib. AOD-Full was amplified using the primers AODTT-
Pstl-CbAOD1ARS-F1-Gib and pUC Ori-Kpnl-CbAOD1ARS-F5-Gib. Afterwards the
constructs were sequence verified.

After transformation of the circular plasmids into P. pastoris BG10 seven
individual transformants of each construct were picked for screening. The same
transformants were cultivated in YPD and YPD with 50 mg/L Zeocin. After the first
screening the same transformants were also used for the screening with different
Zeocin concentrations and the CAT1-692 promoter (plasmid as described in above)
was also included. For the integrated control one representative clone, identified by re-

screening, was used in biological septuplicates.
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Table 2. Primers used in this study

Name Sequence
PARS1 AODTT-Pstl-ARS1- | GAAGATTGGGGAAACTTGGATCTGATTACCTTAGCTGCAGTCG
Gib AGATAAGCTGGGGGAACATTCG
SEQ ID NO:22
pUC Ori-Kpnl- | CTACGGGGTCTGACGCTCAGTGGTACCTCGACAATTAATATTT
ARS1-Gib ACTTATTTTGGTCAACCCCAAATAG
SEQ ID NO:23
CAT1-ARS |AODTT-Pstl- GAAGATTGGGGAAACTTGGATCTGATTACCTTAGCTGCAGAGT
pCAT1ARS-Gib GTGTAATCATATATATAATAAATGAGGAATAATAATTGAATAGAG
ATTTAAC
SEQ ID NO:24
pUC Ori-Kpnl- | CTACGGGGTCTGACGCTCAGTGGTACCCGTAGAAAAAAATGTG
pCAT1ARS-Gib GTGAAACAGTTTCATAAGAG
SEQ ID NO:25
AOD-F1 AODTT-Pstl- GAAGATTGGGGAAACTTGGATCTGATTACCTTAGCTGCAGGGA
CbAOD1ARS-F1- GTATACGTAAATATATAATTATATATAATCATATATATGAATACAA
Gib TGCAATG
SEQ ID NO:26
pUC Ori-Kpnl- | CTACGGGGTCTGACGCTCAGTGGTACCAAAATAAATTAAATAA
CbAOD1ARS-F1- GTTAAATAAAATTAAGTGAATAAAGTTTCAGAATTGTTATTAAG
Gib SEQ ID NQO:27
AOD-F2 AODTT-Pstl- GAAGATTGGGGAAACTTGGATCTGATTACCTTAGCTGCAGTAC
CbAOD1ARS-F2- CCCAGTTTTTCAGTACAATGCAGC
Gib SEQ ID NO:28
pUC Ori-Kpnl- | CTACGGGGTCTGACGCTCAGTGGTACCTGCGGAGTGGGGCGT
CbAOD1ARS-F2- G
Gib SEQ ID NO:29
AOD-F3 AODTT-Psti- GAAGATTGGGGAAACTTGGATCTGATTACCTTAGCTGCAGTAA
CbAOD1ARS-F3- ACATCCCCAGCAGTTTCCCCAG
Gib SEQ ID NO:30
pUC Ori-Kpnl- | CTACGGGGTCTGACGCTCAGTGGTACCATTTTAATTAAGCGAA
CbAOD1ARS-F3- TATAAATTAATATTATAATATGAATTTATTTATAGATAGTAAATAT
Gib AG
SEQ ID NO:31
AOD-F4 AODTT-Pstl- GAAGATTGGGGAAACTTGGATCTGATTACCTTAGCTGCAGGCT
CbAOD1ARS-F4- CTTTTCCATCATCATCATCATCATCATCATC
Gib SEQ ID NO:32
pUC Ori-Kpnl- | CTACGGGGTCTGACGCTCAGTGGTACCTGATGATACTTAATTT
CbAOD1ARS-F4- ACGTATATACATATATGAAAATAGAATAAAAAATGC
Gib SEQ ID NO:33
AOD-F5 AODTT-Pstl- GAAGATTGGGGAAACTTGGATCTGATTACCTTAGCTGCAGCGC

CbAOD1ARS-F5-

TGCTTACTGTACGTTTAAAATGTGG

Gib SEQ ID NO:34

pUC Ori-Kpnl- | CTACGGGGTCTGACGCTCAGTGGTACCTATTGAAAAATAATTIT
CbAOD1ARS-F5- GTTTTTTITTITTTTIGTTTTTTTAAAAGTTCGTTAAAATTC

Gib SEQ ID NO:35

High expression levels can be obtained for the new ARSs and also truncated

fragments thereof with applied selection pressure during cultivation and expression.

Higher expression levels were obtained with increasing Zeocin concentrations (Fig.

22), while it remained the constant for the integrated control (CAT1-500). Especially at

lower Zeocin concentrations the new ARSs showed higher expression than the

previously known ARS1 sequence from P. pastoris.
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Digital PCR experiments which were performed in order to quantify the cellular
plasmid content for the individual ARS plasmids and for the same plasmids under
different growth conditions confirmed a higher plasmid content for the CbARS based
plasmid compare to the CAT1-ARS based plasmid and also for cells grown in
presence of 300 mg/L Zeocin, compared to 50 mg/L.

Example 6: Analysis of bifunctional activity of ARS as ARS and terminator of
transcription

The best fragment from the C. boidinii PAOD1 (F1), PARS1, CAT1-ARS and the
692 bp long version of the PCAT1 as well as the promoter without the core promoter
(SEQ ID NO:13; last 78 bp, beginning with the TATA box were deleted) were tested for
their activity as transcription terminators. They were compared to the terminators for
the selection marker, which are present in the pPpT4_S and pPpGUT1 vectors, and to
the best in house terminators (heterologous and homologous).

Therefore a terminator reporter plasmid was built based on the pPpT4_S vector
(Naatsaari et al. 2012) containing PAOCX1 and an eGFP reporter gene (reported in
Vogl et al. 2014). The AOX1* terminator present was replaced with a stuffer fragment.
Therefore the vector was cut with Notl and BamHI. A THI5 sequence from S.
cerevisiae already previously used as stuffer (Vogl et al. 2015) was again used as
stuffer fragment and amplified using primers eGFP-ScTHISfwd-Gib and plLV5-
ScTHI5rev-Gib. In this case, the stuffer is not flanked by Bmrl sites (since PAOX1
contains a Bmrl site), but a Notl and a BamHI site. The PCR fragment was cloned by
Gibson assembly (Gibson et al. 2009) into the Notl and BamHI digested vector
backbone and confirmed by sequencing using primers seqEGFP-520..543-fwd and
seq-plLV5-150..173-rev.

The terminators and ARSs were PCR amplified using the primers listed in Table
3 and cloned by Gibson assembly or the NEBuilder HIFI DNA assembly Kit into the
reporter vector. Alternatively the CAT1-ARS was ordered as double stranded DNA
fragment and used directly (Table 3) for fusion with the vector. Seamless fusions of the
terminators were achieved relying on restriction site removal by the recombination
cloning procedure. The terminators were sequenced using primers seqEGFP-
520..543-twd and seq-plLV5-150..173-rev.
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Name

Sequence

Stuffer

eGFP-ScTHI5fwd-
Gib

acacatggcatggatgaattgtacaagtaageggecgcGACCTCTGTTGCCTCTTT
GTTG; SEQ ID NO:36

pILV5S-ScTHISrev-
Gib

caaaagaaacaagacattactgaaggatccTTAAGCTGGAAGAGCCAATCTC
TTGAAAG; SEQ ID NO:37

sequencing | seqEGFP- Gatggttccgticaactagcagac
primers 520..543-fwd SEQ ID NO:38
seg-plLV5- caaaagaaacaagacattactgaaggatccGCTTATTTTCTGCCGAATTTTCA
150..173-rev TGAAGTT,; SEQ ID NO:39
SPGS acacatggcatggatgaattgtacaagtaaCAAAGACGTTGTTTCATCGCGCT
SeSPGS5T-Fwd ATTAC,; SEQ ID NO:40
caaaagaaacaagacattactgaaggatccGCTTATTTTCTGCCGAATTTTCA
ScSPG5T-Rev TGAAGTT,; SEQ ID NO:41
CAT1 ARS Gtttgtaactgcetgetgggattacacatggeatggatgaatigtacaagtaaagigtgtaatcatat
dsDNA atataataaatgaggaataataattgaatagagatttaacgagtcgaagttictgaaatatacge
fragment acagtitatatitatgatitigatatctaactacagtcttctccatatatttaactataaataataaagtat
ataactcttatgaaactgtitcaccacattttttictacgggatecttcagtaatgtctigtticttttgttge
CAT1-ARS agtg; SEQ ID NO:42
PARS1 CACATGGCATGGATGAATTGTACAAGTAATCGAGATAAGCTGGG

eGFP-ARS1-Gib

GGAACATTC; SEQ ID NO:43

CACTGCAACAAAAGAAACAAGACATTACTGAAGGATCCTCGACA

piLV5-BamHI- ATTAATATTTACTTATTTTGGTCAACCCCAAATAG
ARS1-Gib SEQ ID NO:44

AOD-TT eGFP-AOD_TT- CACATGGCATGGATGAATTGTACAAGTAAAATTGACACCTTACGA
Gib TTATTTAGAGAGTATTTATTAG; SEQ ID NO:45
plLV5-BamHI- CACTGCAACAAAAGAAACAAGACATTACTGAAGGATCCTGCAGC
AOD_TT-Gib TAAGGTAATCAGATCCAAG; SEQ ID NO:46

GUTIT-TT |eGFP-GUTI_TT- | CATGGCATGGATGAATTGTACAAGTAAGAAGAGCAGCTGTAATT
Gib ATATTATCATGTTAGG; SEQ ID NO:47
plLV5-BamHI- CACTGCAACAAAAGAAACAAGACATTACTGAAGGATCCTGCCAG
GUT1_TT-Gib AGCTGTCACATACTTG; SEQ ID NO:48

AOD-F1 CACATGGCATGGATGAATTGTACAAGTAAGGAGTATACGTAAATA
eGFP-CbAOD1- TATAATTATATATAATCATATATATGAATACAATGCAATG
F1-Gib SEQ ID NO:49

CACTGCAACAAAAGAAACAAGACATTACTGAAGGATCCAAAATAA

plLV5-BamHI- ATTAAATAAGTTAAATAAAATTAAGTGAATAAAGTTTCAGAATTG
CbAOD1-F1-Gib | SEQ ID NO:50

pCAT1-692 GCATGGATGAATTGTACAAGTAAAGTGTGTAATCATATATATAAT
eGFP-pCAT1-Gib | AAATGAGG; SEQ ID NO:51
plLV5-BamHI- CAAAAGAAACAAGACATTACTGAAGGATCCTTTAATTGTAAGTCT
pCAT1-Gib TGACTAGAGC; SEQ ID NO:52

pCAT1noC | plLV5-BamHI- CAAAAGAAACAAGACATTACTGAAGGATCCTGATTTTGGCCTGAT

ore

pCAT1noCore-Gib

GAG; SEQ ID NO:53
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For the P. pastoris transformation the constructs were Swal linearized in order
to facilitate genomic integration. After a first round of screening four representative
clones from the middle of the expression landscape landscape of more than 80 clones
were chosen for a re-screening and re-streaked for single colonies. After the re-
screening one representative clone for each construct was chosen and all constructs
were cultivated together in one 96-well deep well plate in biological septuplicates.

Example 7: Comparative transformation efficiency and expression yields for
ARS plasmids

In order to test the transformation efficiency of our new episomal P. pastoris
plasmid where the new heterologous C. boidinii ARS was used as a short DNA
element with dual function (ARS and transcription terminator) transformation rates with
competent P. pastoris BG10 cells were determined in comparison to a plasmid
employing the state of the art ARS1 sequence for autonomous replication.

The two ARSs were cloned into pPpT4_S containing the CAT1-500 promoter.
The AOD terminator was removed by digesting the vector with Sapl and Kpnl and the
two ARSs were cloned seamlessly behind the selection marker with recombination
cloning (Gibson et al. 2009) after amplifying them with the primers from Table XY.
These primers also add an E. coli transcription terminator.

The multiple cloning site was removed by digesting the vector with EcoRI and
Notl and exchanged by a stuffer fragment (SEQ ID NO:14) containing a part of SCTHI5
as a stuffer DNA fragment to facilitate cloning and restriction sites enabling Sapl
cloning. The stuffer fragment was amplified using the primers listed in Table 4 and
cloned with Gibson assembly. Afterwards eGFP was cloned into the vector using Sapl

cloning.
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Table 4: Primers used in this study.

Name Sequence
Sapl pCAT1- CATAACACTTGCTCTAGTCAAGACTTACAATTAAAATGAGAAGAG
cloning SapCloning- CGAATTCGGCGCGCCGGTAAGATCCAAATCGATGAATTGACCAA
stuffer ScTHI5-Gib G
SEQ ID NO:54
AOX1_TT- GCAAATGGCATTCTGACATCCTCTTGAGCGGCCGCTTATGAAGA
SapCloning- GCTGTTCAATTGAGGCTTGAAGTCGATG
ScTHI5-Gib SEQ ID NO:55
eGFP Sapl-eGFP fwd TACACGTACTTAGTCGCTGAAGCTCTTCTATGGCTAGCAAAGGA
Sapl GAAGAACTTTTCAC
cloning SEQ ID NO:56
eGFP-Sapl rev AGGTACGAACTCGATTGACGGCTCTTCTTTACTTGTACAATTCAT
CCATGCCATGTG
SEQ ID NO:57
PARS1 ZeoMutSapl- GCTGGTAACTGCGTGCATTTCGTCGCAGAGGAACAGGACTAATC
PARS1-GIB GAGATAAGCTGGGGGAACATTCG
SEQ ID NO:58
Kpnl-T4 backbone- | CTACGGGGTCTGACGCTCAGTGGTACCTAAAAAAAATCCTTAGC
PARS1-GIB TTTCGCTAAGGATTCGACAATTAATATTTACTTATTTTGGTCAACC
CCAAATAG
SEQ ID NO:59
CbARS ZeoMutSapl- GCTGGTAACTGCGTGCATTTCGTCGCAGAGGAACAGGACTAAG

CbAOD1-F1-GIB

GAGTATACGTAAATATATAATTATATATAATCATATATATGAATAC
AATGCAATG
SEQ ID NO:60

Kpnl-T4 backbone-

CbAOD1-F1-GIB

CTACGGGGTCTGACGCTCAGTGGTACCTAAAAAAAATCCTTAGC
TTTCGCTAAGGATAAAATAAATTAAATAAGTTAAATAAAATTAAGT
GAATAAAGTTTCAGAATTG

SEQ ID NO:61

For testing the transformation efficiency the plasmids containing PARS1 and

CbARS as well as the pPpT4-S (linearized and circular) were diluted to 100 ng/ul and

transformed into electro-competent P. pastoris BG10 cells. 1 pl was transformed and

100 pl (for the pPpT4-S plasmid also 1000 pl) of different dilutions were plated onto
YPD-Zeo plates.

Table 5 shows the high transformation rate in P. pastoris BG10 (9.5*10"5

cfu/ug). Results are shown for final ARS vectors containing the ARSs also as

terminator (TT) for the selection marker cassette and eGFP as a reporter gene

downstream of the CAT1 promoter.
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Table 5

Volume Dilution CFUlug Mean sSD
plated factor Colonies counted
100 1 n.c.
100 10 474 474000

PARS1 100 100 o4 240000 461500 | 170578
100 1 n.c.
100 10 612 612000
100 100 22 220000
100 1 n.c.
100 10 640 640000

CbARS 100 100 o7 570000 950000  |443095
100 1 n.c.
100 10 1060 1060000
100 100 153 1530000
100 1 84 8400

pPp_T4-S 1000 1 844 8440 7375 1293

Smil 100 1 69 6900
1000 1 576 5760

The transformation efficiency was highest for the heterologous C. boidinii ARS
CbARS. The high transformation efficiency even allows re-transformation of Pichia
after simple plasmid isolation with Zymolyase and a miniprep kit. The plasmid isolation
from Pichia was performed from a 5 ml ONC grown in YPD with 300 mg/L Zeocin in
order to get a higher plasmid copy number. The ONC was harvested and the pellet re-
suspended in 1 ml yeast lysis buffer (1 M Sorbitol, 100 mM EDTA, 14 mM B-
mercaptoethanol. Afterwards 100 pl of a Zymolyase stock (1000 U/ml) were added and
the reaction mix was incubated at 30°C for 1 hour. The spheroblasts were then
harvested by centrifugation for 5 min at maximal speed, the supernatant was removed
and the plasmids isolated using the GeneJET Plasmid Miniprep Kit. The DNA was
eluted with 20 ul ddH,0 and the whole miniprep was used for the Pichia transformation
and eGFP measurements of cultures of 84 individual transformants proved the
presence of the correct plasmid.

Transformants from direct transformation with plasmid DNA isolated from Pichia
pastoris without prior amplification and isolation from E. coli are shown in Fig. 24.

eGFP expression of individual transformants under the control of PCAT1
promoter, using episomal plasmids with different sequence parts (A,B with ARS1, C&D

with CbARS) used as bifunctional ARS and terminator sequences for the selection
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marker (with and without selective pressure) and autonomous plasmid replication are
shown in Fig. 25.

Example 8: Reliability of CbARS plasmid based expression strains.

In order to test the reliability of protein expression employing the new episomal
plasmids, the frequently used strong constitutive GAP promoter (Pgap) was used to
drive eGFP expression in combination with the new heterologous CbARS part. Very
uniform and high expression levels were obtained with the Zeo ARS plasmid
containing Pgap and CbARS.

Pcap was cloned into the Sapl cloning vector described in Experiment 7 by
digesting the vector and the PCR product of the promoter (amplified with the primers
pUCori-Swal-pGAP and pGAP rev) with Notl and EcoRI followed by ligation.

Afterwards eGFP was cloned into the vector using Sapl cloning.

Table 6: Primers used in this study

Name Sequence

pUCori-Swal- CCTTTTGCTCACATGTATTTAAATTTTTTGTAGAAATGTCTTGGTGTCCTC

pGAP SEQ ID NO:62
GATTTGGATCTTACCGGCGCGCCGAATTCGCTCTTCTCATTGTGTTTTGATAGTT
GTTCAATTGATTG

pGAP rev SEQ ID NO:63

Ten ng of circular plasmid DNA were transformed into P. pastoris BG10 and the
GAP promoter driven eGFP expression of 21 individual transformants was measured
after 60 h of cultivation in a 96-well deep well plate using YPD with 50 mg/L Zeocin
(see Fig. 26).
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Example 9: Strain comparison for transformation of P. pastoris with linearized
and circular plasmid DNA

In order to evaluate the transformation efficiency of different P.pastoris platform
strains a wildtype like strain of Komagataella phaffii with a disrupted AOX1 gene (WT)
(strain described in Naatsaari et al. 2012) and a K.phaffii strain with additionally
disrupted KU70 gene (BSY11dKU70) were used for transformation with linearized,
both with and without dephosphorylation (cut in non homologous region for ectopic
integration) and circular plasmid DNA containing the CAT1 promoter with ARS element
(PCAT1_692) or without (PCAT1_500).

As shown in Figure 27, high numbers of transformants were seen with the ARS
containing linearized plasmids (both with and without dephosphorylation) in the WT
strain whereas the number of fransformants in the KU70 deletion strain was
significantly lower. Therefore we concluded that vector relegation to circular episomal
plasmids is higher in the WT strain compared to the KU70 deletion strain.

Example 10: Homologous recombination (HR) cloning in Pichia pastoris

To evaluate the possibility to use CbARS plasmids for HR cloning in Pichia a
constitutive expression vector containing Pgap and a zeocin resistance gene for
selection was used.

The reporter protein (eGFP) was amplified with different lengths of homologous
regions to the vector backbone ranging from 50 to 500 bp.

Fifty ng of vector backbone and 3-fold molar excess of insert were used for co-
transformation of a P. pastoris dKU70 strain BSY11dKU70 (Figure 28).

A strain with a KU70 deletion was used to minimize integration of the linear DNA
fragments, because non-homologous end-joining, which is quite common in Pichia and
would lead to ectopic integration of the fragments, is impaired in this strain (6).
Integration of the vector backbone into the genome would also lead to colonies with
zeocin resistance without showing expression or with low expression because the GOI
could also integrate somewhere into the genome.

As shown in Figure 28, HR cloning worked with short overhangs of just 50 bp,
but showed increased transformation efficiency with longer overlapping regions.
Homologous regions of 250 bp seemed to be ideal in this set-up, since increase to 500
bp did not show any improvement. With this set-up approximately 10*5 CFU/ug were
reached. Just minimal background containing religated vector backbone was

observed.
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To evaluate the possible integration of the expression vectors, the transformants
were cultivated and compared in Deep Well Plates (DWPs) with and without selection
pressure (i.e. YPD with 50 pg/ml zeocin (YPD-Zeo) and YPD without zeocin).
Transformants, which carry the expression plasmid episomally should show elevated
expression levels under selection pressure due to multicopy effect and because the
plasmids get lost without selection pressure. Transformants, which have integrated the
expression cassette, should behave similar under both conditions.

100% of the tested colonies (n = 168, 42 per overlap length) showed vastly
higher eGFP expression levels under selective conditions. Transformants from the
background control (i.e. just vector backbone used for transformation) did not show
any fluorescence. Therefore, we concluded that the transformants contained the
episomal expression plasmid.

Uptake of multiple plasmids per cell when circular ARS plasmids are used for
transformation in high amounts was already observed before. Since this might be an
unwanted effect for generating and screening libraries, transformation of high amounts
of DNA and two different reporter proteins (eGFP and sTomato) with 250 bp
homologous regions to the vector was tested (Figure 29).

Different amounts of vector backbone and twice the amount of insert were used
for transformation.

Even with three pg of DNA (1 ug vector backbone and 2 ug insert) just below
30% of the transformants showed expression of both reporter proteins. With this high
amount of DNA up to 5*10%6 CFU/ug vector backbone were reached (Figure 29).

Transformants, which carried both plasmids were re-streaked and single
colonies used for another round of cultivation. In the second round presence of both
reporter proteins for any of the colonies was not detected.

This indicates that after several generations there is just one variant present in
single cells.

Experimental details:

HR cloning experiments with eGFP and sTomato were performed with the
vector described in SEQ ID NO:72. The vector was linearized with Sapl and gel
purified for HR cloning. The ARS identified as SEQ ID NO:6 was used.

eGFP and sTomato with different lengths of homologous regions to the vector
were amplified with primers (Table 7) binding in the promoter and terminator region of

this vector backbone. In order to generate templates for the reporter proteins, eGFP
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and sTomato were cloned seamlessly into the Sapl linearized backbone using Sapl
cloning.

The cut backbone and the amplified insert with overlapping regions to the vector
backbone were used for co-transformation. 50 ng of the backbone and a 3:1 molar
ratio (insert:vector) was used for the first test.

For the subsequent evaluation if more than one variant is taken up by one cell,
the two inserts (i.e. eGPF and sTomato with 250 bp overlapping region) were mixed in
equal amounts and the mixture was used for co-transformation with the cut backbone.
Higher amounts of DNA with up to 1 pg of backbone and 2 ug of insert were used for
the transformation.

All PCR products were gel purified prior transformation.

Table 7: Primers used for HR cloning with eGFP and sTomato

Primer name Sequence

HR50fw TTTAATTTATTTGTCCCTATTTCAATC
SEQ ID No:64

HR50rv AAAATGAAGCCTGCATCTCTC
SEQ ID No:65

HR100fw AGGCGAACACCTTTCCC
SEQ ID No:66

HR100rv AATGACAAAAAAAATCCTATACTATATAGGTTAC
SEQ ID No:67

HR250fw TGTTCTTCCCAGCATTACG
SEQ ID No:68

HR250rv AGGTCTCACTTAATCTTCTGTACTCTG
SEQ ID No:69

HR500fw ACATGTATTTAAATTTTTTGTAGAAATGTC
SEQ ID No:70

HR500rv CGGTACATTGTTGCCATATG
SEQ ID No:71
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Example 11: Generation of antibody library

Following the tests with eGFP, the feasibility of the system for an IgG antibody
(Herceptin, trastuzumab, Roche) expression vectors was evaluated. Different molar
ratios of up to 5:1 (insert:vector) and longer homologous regions were used, but the
amount of DNA was still kept low with 50 ng vector backbone (Figure 30). The strain
BSY11dKU70 was used for HR cloning as described above.

The use of more insert increased the transformation efficiency, and the results
from first pre-tests regarding overlap length were confirmed, since increasing length of
above 250 bp did not improve efficiency anymore and for very long homologous
regions of 1000 bp the efficiency even decreased (Figure 30).

In general, different sizes of colonies were observed (data not shown) after
transformation and therefore big and small colonies for each length of overlapping
regions were chosen for the cultivation (Figure 31).

The presence as episomal vector was also tested by isolating the plasmids from
the Pichia colonies, transforming E. coli and subsequent restriction analysis and
sequencing (data not shown). All of the 24 tested clones contained the correct plasmid
and just two of them harbored a single point mutation, most probably due to PCR
errors, because the mutations were not in the overlapping regions.

Correct integration of the antibody expression cassette was checked by isolating
the plasmid from 24 transformants followed by restriction analysis to check the
presence of the insert and sequencing the regions of recombination. All of the vectors
tested were positive, just two of them contained a single point mutation, which was not
located in the overlapping regions and therefore most probable due to PCR errors
when amplifying the backbone and the insert (data not shown).

With this knowledge the HR cloning system was scaled-up in a way that it could
be used in final applications for antibody library generation and screening, employing
the variable region of the antibody light chain (LC) with 250 bp overlaps as insert and
the rest of the expression vector containing the other antibody genes, such as variable
region of the heavy chain, constant regions. Since large libraries are needed for
discovery of antibody variants/mutant CDR binding regions/mutant VH orVL
sequences, 1 ug of vector backbone and 2 pg of insert were used for transformation.
With this system and the frozen competent cells of Biogrammatics transformation
efficiencies of 3.5*10%6 CFU/ug vector and just approximately every 170™ transformant

containing re-ligated vector were routinely reached repeatedly on several occasions.
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This set-up also showed that it is not probable that the transformation efficiency
decreases if a larger vector backbone is used, since in the pre-tests always small
vector backbones were used, but in the final application the efficiency was even higher

Since large libraries are needed for antibody discovery, 1 ug of vector backbone
and 2 pg of insert were used for transformation. With this system and the frozen
competent cells of Biogrammatics transformation efficiencies of 3.5*10%6 CFU/ug
vector and just approximately every 170" transformant containing re-ligated vector
were routinely reached repeatedly on several occasions.

Experimental details:

Initial HR cloning experiments for the antibody constructs were performed by
amplifying (SEQ ID NO:85 as a template and primers shown in Table 8) the whole
CDSs of the IgG, including also a bidirectional promoter and signal sequences, with
different lengths of overhangs to the vector. The vector backbone was also PCR
amplified using the primers listed in Table 8 and the vector described in SEQ ID NO:85
as a template. Fifty ng of backbone and different molar ratios (1:1, 3:1 and 5:1) of
insert:vector backbone were used for transformation. Overlapping regions of 250 to
1000 bp were tried. As already seen for eGFP as reporter protein, an increase above
250 bp did not further improve the transformation efficiency, but it was significantly
higher when more insert was used.

With the knowledge, that high amounts of insert improve the efficiency we tried
to make the system feasible for the final application (i.e. generation of antibody
libraries) by using high amounts of DNA and exchanging just the variable region of the
lgG’s light chain.

This final proof of principle was carried out by amplifying the variable region of
the light chain (with appropriate 250 bp long overhangs to the vector) and the vector
backbone using the primers listed in Table 9 and the vector described in SEQ ID
NO:86 as a template.

One ug of backbone and 2 ug of insert were used for co-transformation of P.
pastoris BSY11dKU70. With this set-up transformation efficiencies of >3*106 CFU/ug
were reached routinely (Figure 32).

All PCR products were gel purified prior transformation.
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Table 8: Primers used for HR cloning with whole IgG CDS including signal

sequences and promoters as insert

Primer name Sequence
Her-HR250fw GACCCTTGTGACTGACACTTTG
SEQ ID No:73
Her-HR250rv AGGTCTCACTTAATCTTCTGTACTCTGAAG
SEQ ID No:74
Her-HR500fw TCGATTTTITGTGATGCTCGTC
SEQ ID No:75
Her-HR500rv CGGTACATTGTTGCCATATGC
SEQ ID No:76
Her-HR1000fw TACCAGCGGTGGTTTGTTTG
SEQ ID No:77
Her-HR1000rv GCAAAGTCGTCCTCTACGAAG
SEQ ID No:78
Her-Backbone-fw | TCAAGAGGATGTCAGAATGC
SEQ ID No:79
Her-Backbone-rv | ACGGGAAGTCTTTACAGTTTTAGTTAG
SEQ ID No:80

Table 9: Primers used for HR cloning with the variable region of the IgG light

chain as insert

Primer name Sequence
HR-LC-vec-fw AGAACTGTTGCAGCTCCTTC
SEQ ID No:81
HR-LC-vec-rv AACACGGCTACCACCACCTC
SEQ ID No:82
V-LC250-fw TGCCCCCGTTAATACGACTAC
SEQ ID No:83
V-LC250-rv CTTTGTGTTTTTCATAGTCGGCTTTG
SEQ ID No:84
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Claims

1. An episomal plasmid comprising an expression cassette, which expression
cassette comprises a gene of interest (GOI) and regulatory sequences required for
expressing said GOI, and an autonomously replicating sequence (ARS) which is not
operably linked to the GOI, which ARS comprises or consists of a nucleotide
sequence identified as any of SEQ ID NO:5-11.

2. The episomal plasmid of claim 1, which further comprises a selection
marker and optionally one or more regulatory sequences.

3. The episomal plasmid of any one of the claims 1 to 2, which comprises a
promoter which is operably linked to the GOI.

4. The episomal plasmid of claim 3, wherein the promoter is a regulatable or
constitutive promoter, preferably a promoter selected from the group consisting of
AOX1, GAP, AOD, AOX2, DAS1, DAS2, ENO1, FLD1, FMD, GPM1, HSP82, ICL1,
ILV5, KAR2, KEX2, PET9, PEX8, PGK1, PHO89/NSP, SSA4, TEF1, THI11, TPI1,
YPT1, GTH1, GCW14, and GUT1, which promoter is preferably of Pichia pastoris.

5. The episomal plasmid of any one of claims 1 to 4, which comprises a
selection marker that is based on auxotrophy or chemical resistance, preferably
wherein the selection marker is based on glycerol utilization, sucrose utilization,
inulin utilization, cellobiose utilization, amino acid auxotrophy, thymidine auxotrophy,
nitrogen source utilization, resistance to fluoracetamide, resistance to deoxyglucose,
resistance to Zeocin or other antibiotics, resistance to a gene encoding a toxin.

6. A eukaryotic host cell comprising the episomal plasmid of any one of claims
1to 5.

7. The host cell of claim 6, wherein the host cell is a yeast cell, preferably of
the Pichia genus, preferably of a Pichia pastoris strain, which is a wild-type strain or
any mutated strain capable of being cultivated in a cell culture.

8. The host cell of claim 6 or 7 in a cell culture wherein the host cells are
characterized by a genomic stability regarding the content of the episomal plasmid
during at least 20 generations.

9. A method of producing a protein of interest (POI) that is encoded by a GOI
by cultivating the host cell of any of claims 6 to 8 under conditions to express said
GOl.

10. The method of claim 9, wherein the POI expression is increased at least

1.5 fold, preferably at least 3 fold, more preferably at least 5 fold or at least 10 fold,



-63-

compared to the POI expression employing genomic integration of the comparable

expression cassette expressing said GOI, which does not contain a functional ARS.
11. The method of claim 9 or 10, wherein transformation efficiency of the

episomal plasmid is increased at least 20 fold or at least 50 fold, preferably at least

100 fold, at least 200 fold, or at least 300 fold, more preferably at least 500 fold

compared to transformation employing genomic integration of the comparable

expression cassette expressing said GOI, which does not contain a functional ARS.
12. A library of episomal plasmids of any one of claims 1 to 5, which
comprises a repertoire of promoter variants and/or a repertoire of GOI variants,
which are optionally coexpressed in a host cell culture.
13. A method of selecting a host cell for a desired yield of a GOI expression,
the method comprising:

I. contacting a plurality of host cells comprising the library of episomal plasmids
of claim 12, wherein the library comprises a repertoire of promoter variants
and wherein the expression level of said GOI is a function of said promoter
variants;

il. determining the expression level in individual host cells of said plurality; and

iii. selecting a host cell which is characterized by the desired expression level of
said GOI.

14. The method of claim 13, which further comprises cultivating the selected
host cell and producing a POI encoded by said GOI.

15. A method of screening promoter variants from a repertoire of promoter
variants, and selecting a promoter, the method comprising:

I. contacting a plurality of host cells comprising the library of episomal plasmids
of claim 12, wherein the library comprises a repertoire of promoter variants
and a reporter protein wherein any of the expression level of said reporter
protein, transformation efficiency or clonal uniformity is a function of said
promoter variants;

il. determining changes in any of the expression level, transformation efficiency
or clonal uniformity in individual host cells of said plurality;

iii. selecting a host cell which is characterized by the desired expression level,
transformation efficiency or clonal uniformity; and

V. identifying the promoter variant from the selected host cell.
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16. A method of screening variants of a POI encoded by a repertoire of GOI

variants, the method comprising

contacting a plurality of host cells comprising the library of episomal plasmids
of claim 12, wherein the library comprises a repertoire of GOI variants and
wherein any of the GOI expression level, transformation efficiency or clonal
uniformity is a function of GOI variants;

determining changes in any of the expression level, transformation efficiency
or clonal uniformity in individual host cells of said plurality;

selecting a host cell which is characterized by the desired expression level,
transformation efficiency or clonal uniformity; and

identifying the GOI variant from the selected host cell.

17. A method of biosynthesis of an episomal plasmid in a host cell which is of

a KU70 deletion strain of Pichia pastoris, comprising

providing a linear vector backbone comprising recombination sites at its 5’
and 3’ ends, an ARS, wherein the ARS comprises or consists of a nucleotide
sequence identified as any of SEQ ID NO:5-11, and optionally further
regulatory sequences;

providing a vector insert comprising a GOl and 5 and 3’ homologous
sequences which are homologous to said recombination sites;

introducing said linear vector backbone and said insert into said host cell and
recombining said vector insert with said recombination sites by homologous
recombination, thereby producing the episomal plasmid comprising said
GOL.

18. The method of claim 17, wherein said linear vector backbone and said

insert are introduced into said host cell at a molar ratio between 1: 1 and 1:10.

19. The method of any one of claims 17 to 18, wherein the vector backbone

further comprises a selection marker, which is based on auxotrophy or chemical

resistance, preferably wherein the selection marker is based on glycerol utilization,

sucrose utilization, inulin utilization, cellobiose utilization, amino acid auxotrophy,

thymidine auxotrophy, nitrogen source utilization, resistance to fluoracetamide,

resistance to deoxyglucose, resistance to Zeocin or other antibiotics, resistance to a

gene encoding a toxin.
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20. The method of any one of claims 17 to 19, wherein the 5 and 3
homologous sequences each comprise or consist of at least any one of 30, 50, 70,
100, 300 base pairs.

21. Use of the method of any of claim 17 to 20 for producing an episomal
plasmid of any of claims 1 to 5.

22. An episomal plasmid obtained by any one of the methods of claim 17 to
20.

23. A method of producing a library of episomal plasmids using the method of
any of claims 17 to 20, wherein the library comprises a repertoire of plasmid variants
which differ in at least one point mutation in a predefined region of the GOI.

24. The method of claim 23, wherein the variants are produced by
mutagenesis of the vector inserts.

25. A library of episomal plasmids obtained by the method of claim 23 or 24,
which is characterized by a diversity of at least any of 10E2, 10E3, 10E4, 10E5, or
10EG6 different variants.

26. The library of claim 25, which is incorporated into at least 10E6
transformed cells, preferably at least 10E7, 10E8, or 10E9 transformants.

27. The library of claim 26, wherein the transformed cells are of the Pichia
genus, preferably P. pastoris, or a KU70 deletion strain of P. pastoris.

28. The library of any of claims 25 to 27, wherein the GOI is encoding an

antibody, an antibody fragment, or antigen-binding sequence thereof.



