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Abstract

Mannosylerythritol lipids have gained increasing attention throughout the last 60
years due to their high yield, application possibilities and self-assembling properties,
which are studied to optimise drug delivery in pharmaceuticals. The basidiomycetous
yeast Moesziomyces antarcticus belongs to a group of microorganisms that excrete
MELs in relatively high quantities; up to 40 g/L when grown on vegetable oil. The
MELSs excreted by M. antarcticus are comprised of four di Lerknt types; di-acetylated
MEL-A, mono-acetylated MEL-B and MEL-C and deacetylated MEL-D. In this
thesis it was attempted to knock-out the gene Matl, an acetyltransferase responsible
for the acetylation of MEL-D, in order to produce a homogeneous product of
MEL-D. The CRISPR-Cas9 system was applied for gene disruption and several
successful transformants were obtained. However, Matl was not successfully targeted
by Cas9 in any of the tested transformants, and therefore the targeted gene was
not disrupted. Three alternative methods for gene disruption, based on homologous
recombination, were tested for targeting Matl. A plasmid containing a disruption
cassette embedding the nourseothricin resistance gene, with Matl homologous flanking
regions, was constructed, and transformation into M. antarcticus was carried out by
electroporation with the plasmid, the disruption cassette, from the digested plasmid,
and split markers, constructed from the disruption cassette. To understand the
mechanism of acylation of MELs, with fatty acids, an in silico analysis of a potential
partial -oxidation chain shortening pathway in M. antarcticus was investigated.
The analysis was carried out by comparison with the peroxisomal -oxidation that
takes place in Homo sapiens and Saccharomyces cerevisiae. Several potential genes
were identified in M. antarcticus based on protein homology to -oxidation genes
in H. sapiens and S. cerevisiae.
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1 General Introduction and Project Background

Surfactants, in general, are considered important chemical products due to their hydrophilic
and lipophilic properties. They have a major impact on our everyday lives because of their
diversity and many application aspects within detergents, food, cosmetics and many more
[10][11]. Surfactants were originally produced from raw materials such as plant and animal
oils, however, the synthetic surfactants are currently dominating the market, with two thirds of
all produced surfactants originating from petrochemical sources [12]. With the increasing focus
on the environment and sustainability as well as the approaching shortage of fossil fuels, it
has become necessary once again to look to renewable feedstocks for production of surfactants
[13]. As an alternative to the synthetic surfactants, microbial biosurfactants (BS) have gained
interest as they display properties that are highly similar to those of the synthetic surfactants,
and therefore, they can potentially replace these, while representing a more environmentally
friendly option [14]. The microbially produced BS o [erl several advantages compared to their
synthetic counterparts. The main potential of application of microbial BS is within the oil
industry for bioremediation of e.g. oil spills, handling of oil sludge and for enhanced recovery
of crude oil [15][16]. While synthetic surfactants can be applied in these areas as well, some
drawbacks are that they pose an environmental threat as they are non-biodegradeable, and
therefore prone to accumulate in the environment, and are toxic to their surroundings [17].
BS, on the other hand, show higher degradability and lower environmental toxicity, as well as
tolerance to high temperatures, making them suitable for replacement of synthetic surfactants
within many areas of application [16]. Their diversity and the fact that they can be designed
to fit certain purposes by changing production parameters such as substrate or production
organism, is an important advantage over the synthetic surfactants, making BS suitable for a
wide range of purposes [18]. Other beneficial aspects of BS is their digestibility, making them
good alternatives to synthetic surfactants within food and cosmetics, and the fact that they
can be produced from cheap raw-materials, contributing to low production cost [19].

1.1 Classification of biosurfactants

BSs are amphiphilic compounds, consisting of both a hydrophilic moiety, represented by e.g. a
carbohydrate or a carboxylic acid, and a lipophilic moiety, represented by a hydrocarbon such
as long chain fatty acids [19]. Biosurfactants are produced by a range of yeasts and bacteria,
and can be excreted to facilitate the motility of the microorganism [20]. Whereas the synthetic
surfactants are usually classified based on the nature of their polar charge, BSs are classified
rather on a basis of their chemical composition and microbial origin [21], and can be divided
into the following five main groups;

glycolipids

lipopeptides and lipoproteins

polymeric biosurfactants

particulate biosurfactants

fatty acids, phospholipids and neutral lipids

One of the best studied categories of biosurfactants is the glycolipids [22], which consist of
carbohydrates containing either aliphatic acids or hydroxyaliphatic acids. Within the glycolipids
there are four subcategories; rhamnolipids, mannosylerythritol lipids (MELS), trehalolipids and
sophorolipids. Of these four types, MELSs have proven throughout the last 60 years, to be one of
the most promising glycolipids within industrial application. This is mainly due to the relatively
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high yield, compared to other types of BSs, as well as their many application possibilities within
pharmaceuticals. One additional point of interest in MELSs is their self-assembling properties,
which are investigated to be used for optimised drug delivery [20][23]. For these reasons, the
production of MELSs is under the loop for further investigations throughout this thesis.

1.2 Moesziomyces antarcticus as a cell factory

M. antarcticus is a basidiomycetous yeast belonging to the subphylum ustilaginomycotina
and the class ustilaginomycetes [24]. It was originally classified as Candida antarctica, but
has over the years been reclassified, first as Pseudozyma antarctica and most recently as
Moesziomyces antarcticus [4][24]. M. antarcticus was initially isolated from a lake within the
arctic circle, and it is, among others, the fact that M. antarcticus has adapted to grow in cold
temperatures, which makes it interesting in the production of chemical products, applicable for
low-temperature processes [23][25]. At present, M. antarcticus is being used for a commercial
production of two cold-adapted lipases CALA and CALB, which are being produced and sold
commercially by Novozymes (Denmark) [26]. Another interesting attribute of M. antarcticus,
and the attribute at focus throughout this thesis, is the fact that it excretes MELSs.

1.2.1 Biosynthesis of MELs in Moesziomyces antarcticus

MELSs are produced by a wide range of microorganisms, among them is the yeast Moesziomyces
antarcticus, for which the MELs act as a carbon rich energy storage [20]. MELs contain a
4-O- -d-mannopyranosyl-meso-erythritol as their hydrophilic group and a fatty acid and/or
an acetyl group as the hydrophobic group, depending on the level of acetylation of the BS
[2]. The genes for the biosynthesis of MELs, were originally identified in the dimorphic
basidiomycetous yeast Ustilago maydis, which is genetically closely related to M. antarcticus.
The phylogenetic relationship between M. antarcticus and U. maydis is illustrated in Figure
6. The MEL biosythesis in M. antarcticus, which can be seen in Figure 2, was identified to
be carried out in three individual steps, which are catalysed by four enzymes; Emtl, Macl,
Mac2 and Matl, located in a genecluster found on scalalld 31 of Moesziomyces antarcticus
[1][27], as illustrated in Figure 1. The first step of the biosynthesis is initiated by Emtl, an
erythritol/mannose transferase, that catalyses the transfer of GDP-mannose to d-erythritol
resulting in the construction of mannosyl-d-erythritol. In the second step of MEL biosynthesis,
the acyl transferases Macl and Mac2 are responsible for transferring short- and medium-chain
fatty acids onto the C-2 and C-3 positions of mannose. The final step is carried out by the
acetyltransferase Matl which carries out the acetylation of the deacetylated MEL from step 2,
and the biosynthesis of MEL is hereby complete [2].

PaEMT1 PaMAC2 PaMAC1  PaMMF1 PaMAT1
=4

31d6236 31c6234 31c6233 316232 31d6231

Figure 1: lllustration of the gene cluster responsible for MEL
production in M. antarcticus, located on scalald 31 [1].

M. antarcticus produces a mixture of four di [erknt types of MELs; MEL-A, MEL-B, MEL-C
and MEL-D. The MELSs are identified based on their level of acetylation on C-4 and C-6 position
of mannose. MEL-A is a di-acetylated MEL featuring two acetyl groups, one on each C-4 and
C-6 position, whereas MEL-B and MEL-C are mono-acetylated MELs, with only one acetyl
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group on either the C-4 or C-6 position [2]. MEL-D is a deacetylated MEL containing no acetyl
groups on either of the C-4 or C-6 positions, and is assembled in the second step of the MEL
biosynthesis, hence MEL-A, MEL-B and MEL-C are derivatives resulting from acetylation of
MEL-D carried out by Matl.

CH,0H

GDP-Mannose
Emt1<
GDP

CHy0H

OH

HO

H——OH
H——OH

i
HO o

2Acyl-CoA
Mac1
Mac2

2CoA

CHa

(Q'H CHoOH
=0 H——OH

2Acetyl-CoA
Mat1 (
2CoA
CHs
(Q1 1 CH,OH
H3E:) OAc /~0 H——OH
10 1
o 0 o H OH
AcO” CHy
o] o

Figure 2: Synthesis pathway of MELs in M. antarcticus[2].

1.2.2 Improvements on product yield

Synthetic surfactants can, at the moment, be produced at a lower price and in a larger
amount than BSs [11]. In the production of BSs several issues arise and among them is
the downstream processing required to recover the product. The glycolipid MEL, produced
by M. antarcticus, can reach production yields up to 40 g/L when grown on vegetable oils
such as soybean oil, however, the extraction of MELs from a growth medium, with an oily
substrate remaining, has proved itself challenging [11]. Although vegetable and animal oils
can be considered renewable resources, the sustainability of these feedstocks also has to be
taken into consideration. With a continuous growth in the Earths population [28], an increase
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in the necessity for food is a consequence. Hence the usage of raw materials, suitable for
human consumption, for the production of chemical compounds, can be considered ethically
unacceptable under such circumstances [29]. Although the interest in BSs is increasing, they
cannot yet compete with the synthetic surfactants at an economical level. Especially the cost
of substrate has to be considered, as this can account for up to 50% of the total production
cost [30]. An advantage, however, of glycolipid BSs, such as MELs, is that they are produced
by yeasts, such as M. antarcticus, while growing on several substrates that can be considered
wastes from other production processes. Of such substrates glycerol, which is obtained as a
by-product from biodiesel production [11], and renewable resources such as cellulosic materials
that have undergone pre-treatment, are worth mentioning [31].

The drawbacks of BSs relate mainly to the production of these, specifically the cost of production
[22]. The production process is troublesome, as BSs are produced microbially, and the process
can be di [cult to regulate. Additionally, the biological production of surfactants faces a
challenge with regards to the yield. Microorganisms that accumulate large amounts of BSs
are uncommon, and a prerequisite for a high yield of BSs is the addition of complex media,
which adds to the production cost [19]. As mentioned, MELs can be produced from several
renewable substrates, one of them being glycerol. Being a waste product, using glycerol for
the production of MELs could potentially lower the overall production cost. Another issue in
the production and application of BSs in the industry is tailoring them to meet up with the
requirements for certain applications [11]. In the basidiomycetous yeast Ustilago maydis, it was
attempted to knock-out the gene Matl, which resulted in excretion of the deacetylated type of
MEL, MEL-D [1]. As M. antarcticus excretes a mixture of MELSs, a similar approach could be
taken towards disrupting Matl in order to homogenise the final product, and thus making it
more applicable in certain industrial processes [11].

This thesis consists of three individual parts, with each their own topic in focus. However, they
are all connected, as each topic relates to the overall topic; production of MELSs in Moesziomyces
antarcticus. Part 1 is focused on the investigation of a genetic modification of M. antarcticus
by knock-out of the Matl gene by application of the CRISPR-Cas9 gene editing system. Part
Il is somewhat of a continuation of Part I, with a similar objective of knock-out of Matl
following a more conventional approach by constructing a knock-out cassette to induce the
molecular change. Part 111 can be regarded as a literature study, in which an understanding
of the suggested chain shortening pathway, involved in the acylation of mannosyl-d-erythritol
by Macl and Mac2, was attained, and several genes, potentially involved in -oxidation of fatty
acids in M. antarcticus, were identified, based on protein homology with -oxidation genes in
Saccharomyces cerevisiae and Homo sapiens.
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Part |

Site Directed Disruption of Matl in
Moesziomyces antarcticus Implementing the
CRISPR-Cas9 System

1 Introduction

1.1 The CRISPR-Cas9 system

Until recently, genome editing such as insertions or deletions in the genome relied mainly on
PCR based methods. However, the CRISPR (clustered regularly interspaced short palindromic
repeat) and CRISPR-associated (Cas) protein system, which serves as a defense system in
bacteria and archaea against invading DNA from phage and plasmids [32], is able to introduce
double strand breaks (DSB) into DNA, with great precision, and hereby cause e.g. gene
disruptions or insertions into the genome [33]. The mechanism of the CRISPR system consists
of three steps; (1) the adaption of pieces of invading DNA (spacers) into the genome of the host
organism in the CRISPR loci, (2) the expression of guide CRISPR-RNAs (crRNA) containing
the before mentioned spacers and guiding the CRISPR-Cas complex to the intended location in
the invading DNA, (3) the interference of the CRISPR-Cas system, with the invading DNA, in
which the CRISPR-Cas complex introduces a DSB in the target locus [34]. Several Cas proteins
have been identified in dilerent microorganisms, and recently a new classification method of
CRISPR systems has been suggested. The suggested classification deploys three individual
CRISPR systems; type I CRISPR systems, type Il CRISPR systems and type Il CRISPR
systems. For all types, it holds true, that Casl and Cas2 are believed to be active and play
a key role in the function of the CRISPR complex in the integration of short sequences of
virus or plasmid DNA, also known as spacers, into the CRISPR loci of the cells genome [35].
However, one main dilerence between the three system types, is that type Il systems dilen
from type | and type IlI, in the way that type Il systems only require a single Cas9 protein,
an endonuclease, in order to carry out their intended function, as opposed to type | and type
111, which employ several types of Cas proteins [35]. Due to the simplicity of type Il systems, a
type Il CRISPR system from Streptococcus pyogenes has been adapted for genetic engineering
of a range of microorganisms.
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Figure 3: An overview of the mechanism of the CRISPR-Cas9 genome
editing system. The Cas9 protein binds with the sgRNA, which
guides it to the homologous region of the genomic DNA, where it
introduces a double stranded break. The double stranded break
is subsequently repaired by either non-homologous end joining or
homologous recombination.

The CRISPR-Cas9 complex, developed from S. pyogenes for genome editing in other organisms,
consists overall of two components, the before mentioned Cas9 protein and a single guide RNA
(sgRNA). The sgRNA is a duplex of a crRNA and a trans-activation crRNA (tracrRNA), that
together guide the Cas9 nuclease to the targeted location in the DNA, where it introduces a
DSB [36]. The crRNA consists typically of 20 basepairs, which are homologous to the target
sequence, while the tracrRNA creates a stem loop structure, which binds to the Cas9. Another
crucial element of the sgRNA is the protospacer adjacent motif (PAM) sequence, which is found
downstream the target DNA sequence. The PAM sequence is recognised by the Cas9 protein,
and for Cas9, derived from S. pyogenes, the specific PAM sequence in NGG [37]. Following
the double stranded break, a mutation in the genome is introduced during the non-homologous
end joining (NHEJ) repair, typically resulting in shifting of the open reading frame or the
generation of additional stop codons. The result of this being, in both cases, a disrupted gene.
Alternatively, a donor sequence can be provided with the sgRNA, resulting in an insertion of the
donor sequence into the targeted area by homologous recombination (HR) [5]. An illustartion of
the mechanism of the CRISPR-Cas9 system, adapted from S. pyogenes, can be seen in Figure
3.

1.1.1 Non-homologous end joining

Following a DSB in the DNA, it is crucial for the survival of the cell, that these are repaired
e Lciehtly, as unrepaired DSB can lead to apoptosis. One way of repairing such a break, is by
NHEJ. An important feature of NHEJ is the fact that, unlike for HR to take place, NHEJ does
not require a donor DNA template for the DSB repair to take place. HR is explained in more
detail in Part Il Section 1.1. In the initial step of the NHEJ pathway (a in Figure 4), the
Ku heterodimer binds to the location of the DSB along with other components for NHEJ such
as the protein kinase DNA-PKcs. As the Ku heterodimer binds to the sugar backbone rather
than the bases of the DNA, it enables it to bind to the DNA at any given location, which makes
it a versatile repair system for DSB. Depending on the nature of the DSB, the ends of the DSB
may or may not be subject to processing (b in Figure 4), in order to prepare the end for
ligation. DSBs can be caused by a number of reasons which result in the ends needing di [erent
types of processing such as filling of gaps by random insertions or deletions (indels). Several
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enzymes have been identified, which take part in the preparation of DSB ends for ligation. The
final step of the NHEJ pathway (c in Figure 4), is the ligation of the ends and thereby repair
of the DSB, which is carried out by a Ligase IV and XRCC4 complex [38][3].

DSB

LULLLE™  FELLETL

p tDNA—PKR;
~ KUBO/KU70
heterodimer

0 A,A D
TR

b End processing l

le
HHI“i/\&“HH

l Ligase IV/XRCC4

a End binding

€ Ligation

HIRNRRERRRRNRRNANY

Figure 4: Mechanism of DSB repair by NHEJ [3].

1.2 Application of CRISPR-Cas9 in M. antarcticus

Substituting U6 promoter from
U. maydis w/ putative U6
promoter from M. antarcticus,

Plasmid pMS8-gBlock1

Disruption of bE and
bW in U. maydis by
CRISPR-Cas9 in other
research project

Changing sgRNA from
targeting bE or bW to
target Matlin M.
antarcticus

Creating two
plasmids with
different tracrRNAs

7

w/ original tracrRNA

yielding pMS8-MantU6-G1

AN

Plasmid pMS8-gBlock3
w/ optimised tracrRNA

Substituting U6 promoter from
U. maydis w/ putative U6

promoter from M. antarcticus,
yielding pMS8-MantU6-G3

Figure 5. An overview of the work flow of previous work, carried out
prior to the preparation of this thesis.

In the basidiomycetous yeast Ustilago maydis a recent attempt was made, in another research
project, to develop the CRISPR-Cas9 system for genetic engineering of the microorganism.
The objective was to disrupt the two genes bE and bW, involved in the development of a
filamentous and pathogenic nature of the fungus [5]. Due to the close genetic relationship
between U. maydis and M. antarcticus, visualised in Figure 6, this very approach inspired
a similar strategy to be followed for development of a CRISPR-Cas9 gene editing system in
M. antarcticus. Prior to this project, an investigation into the disruption of the gene encoding
Matl in M. antarcticus was carried out by Cristiano Di Pietro [39]. An overview of the work
flow, carried out prior to this project, can be seen in Figure 5.
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U. maydis has been reported to excrete MELS, while Pseudozyma spp., including M. antarcticus,
previously Pseudozyma antarctica [4], have shown to excrete MELs in large amounts [20]. By
disruption of the gene encoding Matl in U. maydis, it was confirmed that Mat1 is involved in the
acetylation of MELs [1]. Therefore, it was decided to develop a system for disruption of Matl
in M. antarcticus by applying the CRISPR-Cas9 system. In the initial attempts of disrupting
Matl in M. antarcticus, two similar plasmids, to that used for targeting bE and bW in U.
maydis [5], were developed. The plasmids, pMS8-gBlockl and pMS8-gBlock3, were constructed
to each contain one of two gBlocks. Each gBlock contains a sgRNA, with gBlockl containing
a tracrRNA-crRNA duplex, with the guide crRNA targeting Matl in M. antarcticus and the
tracrRNA from [5], and with gBlock3 containing a tracrRNA-crRNA duplex, with the same
guide crRNA targeting Matl in M. antarcticus but containing an optimised tracrRNA. The
sequences of gBlockl and gBlock3 can be seen in Appendix A.1 and A.2, respectively.
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pMS8-MantU6-G1 pMS8-MantU6-G3

11049 bp 11058 bp

(a) pMS8-MantU6-G1. (b) pMS8-MantU6-G3.

Figure 7: Plasmids wused for transformation in Part .
pMS8-MantU6-G1 (a) and pMS8-MantU6-G3 (b) plasmids containing
the assumed putative U6 promoter from M. antarcticus and the
sequence for Cas9, optimised for U. maydis. (a) contains gBlockl
with a tracrRNA-crRNA duplex with a tracrRNA sequence from [5]
upstream the U6 promoter, (b) contains gBlock3 with an optimised
tracrRNA sequence.

However, as the initial attempts of transforming pMS8-gBlockl and pMS8-gBlock3 into M.
antarcticus did not yield any disruptions of the Matl, it was hypothesised that the U. maydis
U6 promoter, used for promoting the gBlocks, was not recognised by M. antarcticus. The U6
promoter from U. maydis was therefore substituted, in both pMS8-gBlockl and pMS8-gBlock3,
for a putative U6 promoter from M. antarcticus, yielding the plasmids pMS8-MantU6-G1
and pMS8-MantU6-G3, seen in Figure 7. It is these two plasmids, that are used for the
transformations described in Section 2. In addition to one of the two gBlocks and the putative
U6 promoter, the most essential elements that each plasmid contains is: an otef-promoter for
Cas9 (Po2tef), the sequence encoding the Cas9 protein, codon optimized for U. maydis, the gene
for carboxin resistance (cbx), an autonomously replicating sequence from U. maydis (UARS),
the gene for ampicillin resistance (bla) and the origin of replication (ori).

1.3 Real-Time PCR for evaluation of gene expression

The following section is greatly based on [6] and [40].

Real-Time PCR (RT-PCR) oLerk a way of evaluating on the level of gene expression within a
cell. Whereas the amplicons of a regular PCR reaction are analysed after ended amplification,
the amplicons of an RT-PCR are analysed during the PCR reaction itself, in real time, and the
method is therefore referred to as Real-Time PCR.
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Figure 8: An example plot from an RT-PCR [6]. The number of cycles
can be seen on the x-axis, and the corresponding fluorescence is seen
on the y-axis.

The measurements that are obtained during an RT-PCR are made possible by the addition of a
fluorescent dye, which emits fluorescence when bound to double stranded DNA, that is detected
by a RT-PCR machine. The RT-PCR consists of two phases, the exponential phase and the
plateau phase. Initially the fluorescence from the dye is undetectable, until a point, called the
threshold cycle (C+), at which it can be detected by the RT-PCR machine. This is illustrated
in Figure 8. The number of cycles, that it takes for the reaction to reach the Cr, is solely
dependent on the amount of template for the PCR reaction initially in the sample, and the
Cy value can therefore be used to approximate the amount of template present, and thereby
give and impression of the expression level of the gene; if the gene is frequently expressed, the
amount of template will be higher, and the Ct value will be low, as a result of this.

As the focus in RT-PCR is to approximate the expression level of genes within a cell, the
first step, in preparation for RT-PCR, is to isolate the RNA, as the messenger RNA provides
an idea of the expression level of a certain gene. The next step is to carry out a reverse
transcription, using a reverse transcriptase, which translates the RNA into cDNA. The cDNA
can then subsequently be used as a template for RT-PCR analysis.

1.4 Experimental overview

As the plasmids pMS8-MantU6-G1 and pMS8-MantU6-G1 had already been constructed and a
transformation protocol, based on the electroporation method, had been developed in previous
work by Daniel Bobkov [41], the initial step of the experimental work, carried out in regards

to this thesis, was to transform the previously mentioned plasmids into M. antarcticus by
electroporation, following the conditions established in the protocol. In addition to transformation

by electroporation, a lithium acetate transformation was carried out [42]. During the transformations,
the following parameters were tested, in order to optimize them:

To evaluate on the optimal concentration of antibiotics in the selection medium, an
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antibiotic sensitivity test was carried out, in which the sensitivity of M. antarcticus
towards several di Lerent antibiotics at di [erknt concentrations was tested.

YM medium was originally used for the electroporation protocol, however, MEL medium,
with glycerol as main carbon source, was also tested for transformation.

Transformation by electroporation was carried out on day 2, 4, 6 and 9 of fermentation.

Due to the lack of reproducible results, transformation by electroporation was tested with
cells grown in YPD medium for a period of 5 hours [42].

Electroporation
YM medium

Day 2

4 pg/mL carboxin

a

Antibiotic sensitivity

test

Electroporation
MEL medium
Day 2, 4,6 and 9

8 pg/mL carboxin
—

o ™
Lithium Acetate

MEL medium
Day 2
8 ug/mL carboxin

Thin Layer
Chromatography

N\
7

Electroporation
YPD medium

5 h growth

4 ug/mL carboxin

Non-reproducable
results

Colony formation

Figure 9: Overview of the experimental work carried out in Part | of
this thesis.

For the confirmation of transformation, carried out by colony PCR, several primers were used.
An overview of the primers can be seen in Table 1. The primers in this part were originally
developed during previous work on this project [39][41].

Primer name
PMS8_ FOR
PMS8 REV
PMS8_FOR1
PMS8 REV1
PMS8Msp_ FOR

PMS8-Po2tef FOR
PMS8-Cas9 REV

MAT1 FOR
MAT1 REV
MAT1_FOR?2
MAT1_REV2

Primer sequence

GCCCCGCTTCAGATCCTGTT
GAAAGTCGAGCTCGGTACGG
CACCCCTGTAGCAGTCTGTCAG
TGAAAGTCGAGCTCGGTACTCG
ATCCATCCGCCCACTTTGC
GAGGGGATCAATTCGACCAA
TCCTACCGAGTTAGTACCGA
AAGGCGATCTTTGAGGCGTG
TTCTCGCTGTCGTCTGACGC
GAGCTTCAGCAGGGATACCG
CGTTGAACGTGCTAATCCGC

Table 1: Overview of the primers used for the experimental work in
Part 1.
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2 Materials and Methods

2.1 Transformation of Moesziomyces antarcticus by electroporation and
lithium acetate

To transform M. antarcticus (PYCC 50487), a protocol for electroporation of M. antarcticus
had been developed [41]. A second transformation was carried out using the lithium acetate
transformation [42] and di Lerknt conditions were investigated for both transformation protocols.

Escherichia coli was used for the propagation of all plasmids used for the experimental work in
this thesis. The cells were growth in liquid LB medium (tryptone 10g/L, yeast extract 5g/L,
NaCl 10g/L) at 37 °C and 200 rpm for 16-18 hours before the plasmids were extracted.

2.1.1 Electroporation of M. antarcticus cells grown in YM medium

Growth conditions

M. antarcticus cells were inoculated to 10 mL YM medium (yeast extract 3 g/L, malt extract
3 g/L, peptone 5 g/L, glucose 10 g/L) in a 50 mL falcon tube and grown overnight at 28°C
and 180 rpm. The following day 1 mL of pre-culture was inoculated to 50 mL YM medium in
a 250 mL shake flask and grown for 2 days at 28°C and 180 rpm.

Electroporation

50 mL of cells were harvested by centrifugation for 10 min at 4°C and 4400 rpm and resuspended
in 3 mL ice-cold sterile milli-Q water to wash the cells. The washing step was repeated twice,
and the cells were resuspended in 250 L ice-cold 1m sorbitol. 50 L of the cell suspension
was added to a pre-chilled electroporation cuvette along with 8 g of plasmid and the mixture
was vortexed shortly to ensure well mixing. The cells were electroporated at 1.5 kv for 5.1
ms. Immediately after the electroporation, 500 L of ice-cold 1m sorbitol was added to the
cells, and the solution was transferred to a 15 mL falcon tube containing 1 mL glycerol solution
(10% w/v). The cells were incubated at 28°C and 180 rpm for 1 hour and 100 L of the cell
suspension was plated onto YM plates containing 4 g/mL carboxin and incubated at 30°C.
Colonies appeared after 2-4 days.

2.1.2 Lithium acetate transformation of M. antarcticus cells grown in MEL medium

Growth conditions

M. antarcticus cells were inoculated to 30 mL MEL production medium (yeast extract 1
g/L, NaNO3 3 g/L, KH,PO4 0.3 g/L, MgSO4x7H,0 0.3 g/L 12% glycerol (w/v)) in 250 mL
erlenmeyer flasks and grown for 2 days for at 28°C and 180 rpm.

Lithium acetate tranformation

50 mL of cells were harvested by centrifugation for 10 min at 4°C and 4400 rpm and resuspended
in 4 mL of transformation bu [er (40% polyethylene glycerol, 0.2m lithium acetate and 0.1 m
dithiothreitol) to wash the cells. The washing step was repeated twice and the cells were
resuspended in 100 L of the transformation buled 80 L of the cell suspension was mixed
with 10 L single stranded DNA (10mg/mL) and 5 g of plasmid. The mixture was vortexed
shortly and incubated for 1 h at 37°C. 200 L of MEL medium was added to the cell suspension,
and 100 L of cells were spread onto MEL medium plates containing 8 g/mL carboxin. The
plates were incubated at 30°C and colonies started to appear after 2-4 days.
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2.1.3 Electroporation of M. antarcticus cells grown in YPD medium

Growth conditions

M. antarcticus cells were inoculated to 2 mL of YPD medium (yeast extract 10 g/L, peptone
20 g/L, dextrose 20 g/L) in a 50 mL falcon tube and incubated in a reciprocal shaker at 30
°C and 180 rpm over night (approximately 16-18 hours). On the following day, 500 L of the
pre-culture was inoculated to 50 mL YPD medium in a 250 mL shake flask and incubated again
at 30 °C and 180 rpm for 5 hours.

Electroporation
50mL of M. antarcticus culture was transferred to a falcon tube and centrifuged at 7000 rpm
at 20°C for 10 minutes and resuspended in 1 mL 1m sorbitol solution to wash the cells. The
washing step was repeated twice before the cells were resuspended in 100 L 1m sorbitol. 100
L aliquot of cell suspension was transferred to a pre-chilled electroporation cuvette (Write
company and info) and 5 g plasmid was added. The cell suspension was electroporated
at 1.5 kV for 5.1 ms and immediately after the electroporation, the cells were diluted in 900
L YPD medium and transferred to 1 mL YPD medium in a 50mL falcon tube. The cells
were recovered at 30° for 0-40hours before plating 100 L of the cell suspension onto YPD
plates containing 4 g/mL carboxin and incubated at 30°C. After 2-4 days colonies started to
appear.

2.1.4 Confirmation of transformation by colony PCR

The confirmation of successful transformation was carried out by colony PCR. From several
growing colonies, part of the colony was transferred to an eppendorf tube and mixed with 10

L 20mm NaOH and dissolved by disrupting the cells using a pipette tip. The solution was
heated for 15 minutes at 98°C. The PCR reaction mix was prepared using Dream Taq DNA
polymerase and the primers PMS8-FOR and PMS8-REV in 10 L reaction volumes. The PCR
was run as the program in Table 2 shows and the PCR products were subsequently visualised
on a 1% agerose gel.

For each colony PCR, two controls were carried out; a positive control containing DNA from
M. antarticus and negative control containing water instead of DNA. Additionally, the Matl
region for each of the selected transformants was amplified using the primers MAT1-FOR and
MAT1-REV, following the same directions as stated above.

Step | Temperature (°C) | Time (sec)

1 95 120

2 95 30

3 54 30

4 72 45 30 total cycles from step 2
5 72 300

Table 2: PCR program for colony PCR.

2.1.5 Thin Layer Chromatography of transformants

40 transformants were selected at random, inoculated to 2 mL MEL medium in 15 mL falcon
tubes and grown for 9 days in a shaking incubator at 28°C and 300 rpm. MELSs were extracted
from each sample with equal amounts of ethyl acetate and mixed on vortex. The ethyl acetate
phase was collected into 1.5 mL eppendorf tubes and evaporated at 80°C. The MELs were
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resuspended in 20 L methanol and 10 L of the resuspended MEL solution was transferred
to the TLC silica plates. The silica plates with loaded samples were placed in a glass chamber
containing a mobile phase of chloroform/methanol/MiliQ water in the relation 65:25:4 and left
to incubate until the solution had reached the intended travel length (approximately 5 cm from
the top edge of the silica plate). To visualize the bands on the plate, it was sprayed with
the detection agent containing ethanol/H,SO4/H>0O/naphthol in the relation 51:6.5:4:1.5 and
subsequently heated to 105°C for 5-10 minutes.

2.2 E[edt of medium composition on the morphology of M. antarcticus

4 diLerent medium compositions were tested in order to evaluate on the e [edt of the medium
composition on the morphology of M. antarcticus. A YM medium with glucose as carbon
source, a YM medium with glycerol as carbon source, a MEL production medium with glucose
as carbon source and a MEL production medium with glycerol as carbon source were prepared.
M. antarcticus cells were inoculated to 5 mL of each of the mediums in falcon tubes and
grown over night in a reciprocal shaker at 180 rpm and 28°C. 1 mL of cell suspension from
each tube was transferred to 50 mL of the specific medium in 250 mL erlenmeyer flasks and
cultivated at 180 rpm and 28°C for 3 days. The morphology of the cultures were evaluated in
microscope.

2.3 Antibiotic sensitivity test

An antibiotic sensitivity test was carried out, to evaluate the sesitivity of M. antarcticus towards
specific antibiotics. Phleomycin, hygromycin, carboxin, zeocin, geneticin and nourseothricin
were tested in di Lerknt concentrations and all concentrations were tested with cell suspensions
of ODs 2, 4, 6, 8 and 10, respectively. The growth on the plates was evaluated on day 2 and day
4 of incubation at 30°C. YM medium plates were prepared with the antibiotics phleomycin,
hygromycin, carboxin and zeocin, and MEL medium plates were prepared with geneticin and
nourseothricin, all to yield the concentrations in Table 3.

Antibiotic Concentrations tested ( g/mL)
Phleomycin 5, 10, 25

Hygromycin 100, 200, 300, 400, 500
Carboxin 2, 4,6, 8,10

Zeocin 25, 50, 100, 200, 400
Geneticin 50, 100, 200, 300, 400
Nourseothricin 100, 200, 300, 400, 500

Table 3: Overview of the tested antibiotics and concentrations.

2.4 RT-PCR primer design

Primers were designed using an online primer design tool provided by NCBI
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi?ORGANISM=9606INPUT _ SEQUE
NCE=NM__001618.3), and the following considerations were taken into account when designing
the primers.

Primers were designed for the resulting amplicons to be between 75 to 200 bp in length.

Primers were designed to have a GC content of 50-60%.
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Primers were selected so that the T, across di [erknt primer pairs ranged between 57 °C
to 60 °C to ensure that the primers would work similarly under the same conditions.

Two pairs of primers were designed for actin, with one pair flanking an intron, to allow
testing for complete DNA degradation during the reverse transcription step.

An overview of the primers designed for RT-PCR can be seen in Table 4.

. . Primer . e s Product lenght
Primer pair name Primer sequence (5’ ¥ 3’) (DNA, RNA)
Actin primers MaActlFOR1 | GTGCGAGTTTTCGCTGTCTC 163bp, 163bp
MaActlREV1 | TGAACAAGGCTTCGCTGGAT

Actin primers MaActlFOR2 | AGCACTGTCGTCATGGAAGC 423bp, 125bp

flanking an intron | MaActlREV2 | TGTGACCGGTTGGAAGGAAG

Cas9 primers UmCas9FOR TCGGACTCGACATCGGTACT 160bp, 160bp
UmCas9REV TCAGCGGTTTCTCCTGAGTC

SgRNA primers MatlsgFOR CCGTACTGGAAGAAACCCAG 91bp, 91bp
MatlsgREV GACTCGGTGCCACTTTTTCA

Carboxin UmCbxFOR TCAGCAACGGTCTTCGTACC 176bp, 176bp

resistance primers UmCbxREV CTTGTCAGGGTTCCATCGGT

Table 4: Overview of primer pairs for g°PCR.

2.4.1 Binding of primers

Binding of the primers, designed for RT-PCR, was tested by PCR using gDNA, from M.
antarcticus, and the plasmids pMS8-MantU6-G1 and pMS8-MantU6-G3. The PCR reactions
were prepared using DreamTaq polymerase (add company name) and the following settings
in Tabel 5 were used for the reaction program:

Step | Temperature (°C) | Time (sec)

1 95 120
2 95 30
3 60 30 35 total cycles from step 2

Table 5: PCR program for binding test of gPCR primers.

The PCR products were visualised on a 1% agarose gel.

2.4.2 Total RNA isolation from Moesziomyces antarcticus

RNA was extracted from M. antarcticus with a total RNA isolation kit (AA Biotechnology).
Two samples of 20 mg of biomass from M. antarcticus, grown for 4 days at 30°C on solid MEL
medium, were tested. The kit includes a lysis step in which the cells are lysed, however, the
cells in one of the two samples were disrupted in a bead-beater for 30 seconds prior to the lysis
step, in order to evaluate on the e [edtiveness of the lysis step in the kit. 0.8 mL of Fenozol was
subsequently added to each sample, and the steps in the isolation protocol, provided by AA
Biotechnology, were followed. The extracted RNA was visualised on a 1% agarose gel.
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3 Results

3.1 Results of transformation
3.1.1 Electroporation of M. antarcticus cells grown in YM medium
In Figure 10 it can be seen that colonies appear on both the plate containing the transformants

and on the control plate making it challenging to distinguish the successful transformants from
the background growth.

Sovate ol

(a) Transformants (b) Control

Figure 10: Results from electroporation of M. antarcticus after 4 days
of incubation at 30°C on YM medium with 4 g/mL carboxin. (a) M.
antarcticus transformed with plasmid DNA. (b) M. antarcticus control.

Of the colonies selected for confirmation of transformation by colony PCR, only 1 colony was
confirmed to have been successfully transformed with the plasmid.

3.1.2 Lithium acetate transformation of M. antarcticus grown in MEL medium

The lithium acetate transformation of M. antarcticus resulted in the formation of several
colonies on the selection plate after 4 days of incubation at 30°C (Figure 11a), while no
colonies appeared on the control plate (Figure 11b). Approximately 532 colony forming units
(CFU) were observed on the plate containing the transformants.
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Figure 11: Results from lithium acetate transformation of M.
antarcticus after 4 days of incubation at 30°C on MEL production
medium with 8 g/mL carboxin. (a) M. antarcticus transformed with
plasmid DNA. (b) M. antarcticus control.

Colonies were selected at random for confirmation of transformation by colony PCR and all
selected colonies were confirmed to have been successfully transformed with the plasmid.

3.1.3 Electroporation of M. antarcticus cells grown in YPD medium

The transformations with M. antarcticus grown in YPD medium resulted in the formation of
colonies, as seen in Figure 12, 13, 14 and 15, while no significant growth was observed on
the corresponding control plates (not shown).

An average of 22 CFUs were observed on the YPD selection plates in Figure 12 after 4 days of
incubation at 30°C, on plates containing 4 g/mL carboxin, and with 0 hours of cell recovery
after electroporation.
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