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Abstract

For multiple decades enzymes have been essential to industrial sectors such as health,
food, agriculture, cosmetics, energy, and others. However, many naturally occurring
enzymes cannot stay active under the harsh conditions needed in those processes.
On the search for more stable enzymes, scientists started looking at microorganism
living under extreme conditions. Chile is home to many almost uninhabitable
environments hosting very-well adapted extremophiles. The aim of the project was to
produce and purify two proteases (subtilisin and trypsin) and a glycosidase (xylanase)
whose sequences all originate from bacteria isolated from the Chilean Antarctica or
Atacama Desert. The sequences were inserted into the genome of Pichia pastoris
KM71 via homologous recombination utilizing the vector pPIC9K. The vector generates
His* MutS Pichia strains. Though all sequences could be confirmed inside the yeast’s
genome, only trypsin was successfully expressed. Proper conditions for the expression
xylanase could not be found while there was no time left to work on the expression of
subtilisin. An attempt was made to purify trypsin by utilizing the propeptides’ His-tag.
However, the zymogen trypsinogen did not bind to the column while active trypsin was
found in the flow-through. Since the cleaved propeptide did bind to the HisTrap column

it is likely that the tertiary structure of trypsinogen occludes the histidine tag.
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1 Introduction

1.1 Extremophiles in Chile and their potential

Extremophiles are microorganisms inhabiting environments that would be fatal for
other forms of life. They can survive in water close to boiling or below the freezing
point. However, “extreme” does not only refer to temperature. Besides thermo- and
psychrophiles (high and low temperatures) there are also acido- and alkaliphiles

(extreme pH), barophiles (high pressure) and halophiles (high salt concentrations).®

These organisms are interesting not only for their incredible adaptation capabilities but
also because of their applications in the field of biotechnology. For example,
thermophile and psychrophile organisms can produce enzymes which retain their
function at very high or low temperatures. In a lot of industrial processes enzymes that

work under harsh conditions are essential.23

Chile is home to a lot of extreme habitats. In the north of the country, the Atacama
Desert is located. It is the driest and oldest desert on earth and hosts salt flats, geysers
and geothermal springs which provide extreme conditions such as alkaline/acidic pH,
water stress and strong UV radiation.* It's microbial and genetic richness has been
explored in the past two decades and novel, interesting metabolites have been
discovered.® In 2011, a group of scientists isolated Streptomyces strains from Laguna
de Chaxa, Salar de Atacama. The strains were screened and multiple new compounds
showing antibacterial activity discovered (Chaxamycin A-D).® Another more recent
discovery were two extracellular xylanases from halotolerant Bacillus bacteria. These
glycosidases cleave xylan, one of the most common polysaccharides on planet earth.
Compared to similar enzymes they showed great thermal stability and stayed active at

a wide range of pH. The enzyme is specifically interesting for industrial processes, as
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it has been used to improve the quality of flour, biofuel production and bleaching in the
paper industry, among other examples.’ But not only enzymes are relevant for the food
industry. In 2020 several Nostocaceae strains were discovered in the Atacama Desert,

whose phycobiliproteins can be used as natural colorants in dairy beverages.®

Chile also claims part of Antarctica, an environment that shows extreme conditions
below and above the water surface. Great gradients in temperature, salinity and
irradiation can be observed. Naturally, scientists started looking for extremophiles
producing novel metabolites.* Especially cold-adapted enzymes can be interesting for
industrial processes. In 2021, a group of Chilean researchers screened several
hundred strains isolated from the Antarctic in the search for cold-active B-
galactosidases. Many strains displayed enzymatic activity with Rahnella inusitats being
the most promising candidate. Assays showed its B-galactosidase variant keeps up to
62% of its activity at 15°C. The enzyme is especially interesting for the dairy industry
since it hydrolyzes lactose and can be used to fabricate lactose-free products.® Another
example of a cold-adapted enzyme from the Antarctica is an alcohol-dehydrogenase
discovered in 2006. This enzyme facilitates the interconversion between alcohols and
aldehydes or ketones. The variant discovered was the first cold-adapted and

thermostable of its type, showing activity at temperatures between 0-85°C.1°

1.2 Thermostable enzymes in industrial applications

For years enzymes have been essential to industrial sectors such as health, food,
agriculture, cosmetics, energy, and others. More than 75% of commercial enzymes are
hydrolases used to degrade numerous substances. However, a lot of naturally
occurring enzymes do not work under conditions needed for certain processes. Their
lack of stability makes them unviable. On the search for novel, better suited enzymes,
scientists developed multiple strategies. Traditional strategies include screening
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extremophiles for enzyme variants or mimicking evolution on a laboratory scale. A
more modern approach is using the help of computers to develop enzyme-engineering
strategies. Advances in recombinant DNA techniques have made it possible to insert
sequences of promising enzymes into organism which are established in fermentation
processes. As a results, expression systems with high-yield expression of
heterologous proteins can be used for production and make the use of enzymes in
industrial processes profitable.*! The numbers of the industrial enzymes market growth
underline the importance of enzyme for industrial applications. According to
Precedence Research the market was valued at 5.9 billion USD in 2020 and is

expected to grow to more than 10 billion USD in 2030.%?

Popular examples of a commercial enzymes that originate from thermophile organism
are DNA polymerases (Taq, Pfu, and Vent). These more thermostable variants stay
active at temperatures above the denaturation temperature of long DNA fragments.
Therefore, they helped scientific research remarkably by making polymerase chain
reaction (PCR) a standard technique in laboratories worldwide. Further examples of
industrial enzymes that need to withstand high temperatures in biotechnological
processes include cellulases, amylases, xylanases, lipases, proteases, and

esterases.!?

1.3 Recombinant DNA techniques

With the help of recombinant DNA techniques, it is possible to modify genetic material
and improve characteristics of a living organisms or their products. Usually, one or
even multiple genes are introduced into an organism together with regulatory elements
such as promotors. In some cases, it is also desirable to block or decrease expression
of endogenous genes.'® Different DNA fragments are generated by enzymatic
cleavage and later joined in a vector using ligases. This vector will then be introduced
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into an organism who will incorporate the desired genes into its genome.'* Nowadays

multiple recombinant DNA technologies are available.'®

One way to express a desired gene in microorganism is the use of circular or linearized
plasmids. They are a common choice for this purpose because of their easy
manipulation and regulated expression. However, they suffer from instability issues
and to ensure the existence of plasmids in the host cell, it is necessary to use selective
agents (e.g., antibiotics) which increase costs.'® Other downsides include the limited
number of expression vectors for yeast cells and the limited control of copy numbers
in the host organism. An alternative is the integration the genes directly into the
genome via homologous recombination. It may not be optimal for the overexpression

of genes but ensures segregational stability and control over the number of copies.’

In homologous recombination exchanges of DNA sequences occur between DNA
molecules in a region of shared homology. This means the sequences must not be
identical for their whole entirety but rather a limited region. The event consists of three
phases: pre-synapsis (the early phase), synapsis (homologous strand exchange) and
post-synapsis (the late phase). The event can occur in prokaryotes or eukaryotes and
is catalysed by specialized enzymes.8 While integration of circular plasmids can occur,
digesting it with restriction enzymes helps to increase the integration efficiency

remarkably.*® Some vectors even allow for multiple gene insertion events.?°

A more recent development is the CRISPR-Cas9 system (clustered regularly
interspaced short palindromic repeats — CRISPR associated) which can target and cut
specific parts of DNA. It induces a double-stranded break (DSB) to the DNA and
subsequently, the homology directed repair system (HDR) of the cell is abused to
introduce genes. The mechanism compares the sequence of the molecule carrying the

DSB to another DNA molecule which is intact. If they correspond, the cell will repair
4



the DNA according to the homologue’s DNA fragment. If this fragment contains a novel

gene, the mechanism will introduce the gene itself while repairing the DSB.21:22

1.4 Pichia pastoris cultivation and recombinant protein expression

Pichia pastoris is a yeast that has been used for the production of recombinant proteins
for many years.?® It is able to grow on numerous carbon sources with the most
commonly used being glucose, methanol and glycerol.?* The yeast allows for high-cell-
density fermentation (HCDF). Thereby, it is possible to achieve high levels of cell mass

and large quantities of proteins can be produced.?®

Many of the available protocols for recombinant protein expression are based on the
commercial Invitrogen expression kit.?® The manual suggests using BMGY/BMMY
(buffered complex glycerol or methanol medium) or BMG/BMM (buffered minimal
glycerol or methanol medium) for the expression. These medias are buffered to provide
a stable pH in case the proteins are being secreted. Furthermore, BMGY/BMMY
contains yeast extract and peptone. These components allow for better
growth/biomass accumulation and stabilize secreted proteins. Another important
parameter is the aeriation. The volume of the culture should not exceed 10-30% of the
total flask volume. Temperatures during growth and expression may depend on the
strain but should generally be 28-30°C with shaking conditions between 225 — 300

rpm.2°

In recent years it became a common approach to move away from standard protocols
and develop strategies which are specifically designed for certain genetic constructs
and the available equipment.?6 An example is the expression strategy applied by AG
Mattanovich at the Universitat fir Bodenkultur in Vienna. The group recently started to

collaborate with the CeBiB and has been working with Pichia for many years.?’-?° Their



protocol alterations include growing the yeast on minimal media and the use of glucose

limitation during induction.°

1.5 Protein purification

Producing and purifying proteins still entails high costs with downstream processing
being a big proportion of it. To make a process profitable, it is essential to have
profound knowledge about possible purification methods and their optimization.3! All
separation steps exploit differences in properties of molecules such as shape, charge,
size, isoelectric point, charge distribution, density, hydrophobicity, ligand-binding
affinity, metal binding or specific sequences or structures.? Firstly, proteins must be
separated from the nonproteins of the broth. These first steps usually include methods
with low-resolution but high capacity (e.g., two-phase partition systems or fractional
precipitation). Secondly, the desired protein must be separated from other proteins
present in the mixture while preserving its biological activity and chemical integrity.
Later steps utilize methods with higher resolution but lower capacity such as

chromatography.33-3%

Proteins can whether accumulate inside the cells or be secreted to the outside. This
will make a huge difference in the purification process. When working with intracellular
proteins, cells must first be broken by homogenization. Established techniques include
continuous-fill French press, sonication, or enzymatic digest. Naturally, the cell lysate
will have a lot more impurities such as nucleic acids and cell debris that must be
removed before chromatography steps. Either way, centrifugation is an essential
technique that must be performed whether the protein is intracellular or secreted. It
helps to remove unbroken cells, cell debris and ribosomal material and other
particulates. If necessary, phase partitioning or membrane filtration can be performed

subsequently.3®



There are numerous chromatographic techniques available for protein purification
though affinity chromatography is regarded as the most specific and effective. This
technique exploits the ability of molecules to form reversible bonds with affinity
ligands.?” For the purification of recombinant proteins, immobilized metal affinity
chromatography (IMAC) is commonly utilized.38 The technique involves 4 steps. Firstly,
metal ions are immobilized onto the matrix. Subsequently, the sample will be loaded
onto the column. The targeted protein should interact with the metal ions and be
retained. The third step consists of washing the column to remove unwanted

components. Lastly, the targeted protein will be eluted.3%4°

A popular example of the IMAC is purification with His6-tag. Six consecutive histidines
are introduced in a cloning vector to the N- or C-terminus of a recombinant protein.
Transition metal ions (e.g., Ni?* or Co?*) are immobilized on a resin matrix inside the
column. The His-tags show high affinity to the metal-ion and bind to it. A substance
called imidazole competes with the protein for binding and can be used to elute the
protein from the column after washing steps have been performed. Usually, a low
concentration of imidazole is part of the binding and wash buffer to interfere with weak
interactions some undesired proteins may have with the column.*? Other notable
chromatography techniques in protein purification include ion exchange, hydrophobic

interactions, and reverse-phase chromatography.3!

1.6 The project

Aim of the project is to produce and purify two proteases and a glycosidase whose
sequences all originate from bacteria isolated from the Chilean Antarctica or Atacama
Desert.*? These sequences will be inserted into the genome of Pichia pastoris KM71
via homologous recombination utilizing the vector pPIC9K. The expression is induced
with methanol and the enzymes will be purified subsequently.
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1.6.1 Pichia pastoris KM71

Pichia pastoris is a methylotrophic yeast that has been widely used to produce
recombinant proteins. Unlike bacteria, eukaryotic expression systems have the
advantage of post-translational modifications. The expression is usually induced via
methanol and can be repressed in the presence of other carbon sources.*® The first
enzyme in the methanol utilization pathway is called alcohol oxidase (AOX) and is
encoded by the two genes AOX1 and AOX2. AOX1 shows greater methanol-oxidizing
activity though the protein-coding regions of the two genes have similarity greater than
90%. Strains with a disrupted AOX1 gene are still able to grow on methanol, however,

significantly slower than the wild type.4

The strain Pichia pastoris KM71 that was used for this project. It cannot grow in the
absence of histidine because of a mutation in the HIS4. This gene encodes for an
enzyme catalysing multiple crucial steps in the biosynthesis of histidine.*> Furthermore,
the ARG4 gene was used to disrupt AOX1. ARG4 allows for the synthesis of arginine.

Therefore, P. pastoris KM71 is a Mut® (methanol utilization slow), Arg* and His™ strain.

1.6.2 pPIC9K
pPICI9K is an established vector for the integration of recombinant genes into Pichia

pastoris KM71 and GS115. The plasmid is shown in figure 1.



(3101) Aatll Alel (75)
(9099) Zral Eco53kI (208)
Sacl (208)
Pmel (413)
BlpI (s38)
Xoml (706)

(8659) Scal

BamHI (s38)

Psil (1144)
SnaBI (1218)

BtgZl (1752)
FspAl (1826)

(7286) AMIIII - Pcil
Xbal (2032)
Bsu361 (2088)

(7170) BspQI - Sapl
Hpal (2138)

(7109) Ndel
(7059) BstZ171

(7033) PAIFI - Tth111I pPIC9k

9276 bp

(3177)

(6036) Sphl
(5880) SgrAl

(5709) PspXI1
(5654) Nrul Ncol (3632)
(5437) Smal

(5435) TspMI - Xmal
(5313) AsiSI

BspEl (3844)

BsrGI (4298)
(4644) BbvCI

Figure 1: pPIC9K vector used for integration of genes in Pichia pastoris
pPICOK allows for the integration of multiple inserts and can generate His* Mut* and
His* Mut® transformants. Four restriction sites (SnaB I, EcoR I, Avr II, Not I) can be
utilized to insert genes at the desired location. The proteins will be secreted outside of
the cell thanks to the a-factor secretion signal. Besides two antibiotic resistances
(kanamycin and ampicillin), transformants can be screened via HIS4 selection. This
gene encodes for an enzyme crucial for the biosynthesis of histidine. Therefore,

transformants will be able to grow on media lacking the amino acid. 4546

1.6.3 Subtilisin T8
Subtilisin T8 originates from bacteria isolated from the Chilean Antarctic and so far,

had only been expressed in the native organism.

In the search for thermostable enzymes, several bacteria isolated from the Chilean

Antarctic were cultivated in liquid media and their supernatant screened. A Polaribacter



sp. strain seemed to produce an interesting, cold-adapted enzyme with proteolytic
activity. Using hydrophobic interaction chromatography (phenyl-sepharose) and SDS-
PAGE it was possible to isolate two peptides which were further analyzed via mass
spectrometry. The peptides corresponded to the same enzyme but in different states.
Subsequently, primers were designed to identify the original reading frame (ORF) via

genome walking.

The detected enzyme turned out be a type of subtilisin, a protease containing serine
in its active site. The ORF is encoding for a large protein of 1100 amino acids. However,
the active protein is much shorter than the coding region, so various proteolytic
cleavages are necessary for the secretion and activation of the subtilisin. The plasmid
construct utilized for this project contained a propeptide and the sequence of the active

enzyme. The propeptide is needed to maintain subtilisin inactive during the secretion.

Multiple attempts have been made to achieve heterologous expression of the enzyme
in E. coli but without any success. The protease had only been produced by the native
strain so far and was further characterized. Greatest activity was observed at a pH
between 7-8 and temperature about 45°C. Subtilisin T8 still retains 25% of its activity

at 20°C what makes it specifically interesting for the use in detergents. 42

In 2021 an alkaline variant of subtilisin was successfully expressed in Pichia pastoris
SMD1168 and X33 utilizing the vector pPICZaC. The results suggested a second
signal peptide could potentially enhance secretion levels of the protease but is not

essential.*’

1.6.4 Trypsin
The trypsin sequence originates from Micromonospora M12, isolated from the

Atacama Desert. It was found making use of the Basic Local Alignment Search Tool
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(BLAST) and a trypsin sequence found in Streptomyces griseus. Trypsin is another
protease having serine in its active site and needed in various industrial applications
such as leather bating, food processing, pharmaceuticals, clinical diagnoses, and

biochemical testing applications.84°

Sequences of the enzyme have been discovered in multiple sources, bacterial and
mammalian organisms.®® The inactive precursor of trypsin is called trypsinogen and
can be activated by enteropeptidases or autoactivation.>® Heterologous trypsin has
been expressed in numerous systems already including E. coli®?, transgenic plant
cells®3, and mammalian cells®*. However, none of these expression systems were
suitable for production on an industrial scale. Problems included low activity, safety,
and operational difficulties.>® Therefore, producing the enzyme in Pichia pastoris is

considered a viable option.59:56

Previous studies have shown that highest trypsin expression could be achieved with
an optimal number rather than a maximum number of copies inside the genome of
Pichia pastoris. The data suggested the reason being accumulated enzyme causing
an unfolded protein response (UPR) inside the yeast.>” In 2016 a paper was published
on how to improve the production of active, secreted trypsin in Pichia pastoris using
the vector pPIC9K. They fused an artificial peptide to the N-terminus of the sequence,
consisting of thioredoxin (Trxa), glycine-serine linker (GS*3), Hiss-tag and the partial
bovine trypsinogen pro-peptide (DDDDK). Thioredoxin functions as a chaperone while
Hiss-tags facilitate purification by having the ability to bind to metal ions in columns.
The pro-peptide was kept so trypsin stays inactive during secretion. The production of

active trypsin in fed-batch fermentation was improved significantly.%°

The construct used in this project is similar to the one described above.
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1.6.5 Xylanase Xyl-L

The sequence of xylanase xyl-L originates from a Psychrobacter strain isolated from
Antarctica in 2008. The project aimed at finding cold-active lipases using degenerate
primer. One of the amplifications turned out have high homology with xylanases of the

GH10 family.4258

The enzyme degrades xylan, one of the most common polysaccharides on earth. Xylan
is a natural branched heteropolymer consisting of hexoses and pentoses, and a major
component of plant cell walls. Xylanases already find wide applications in the food,

biofuel, and paper industry.’

Xylanase xyl-L has already been produced in an E. coli strain at CeBiB. The enzyme
showed optimal activity at pH 7 — 8 and retained 25% of its activity at 10°C. Despite
being active at low temperatures, the enzyme was not very thermostable what would
make its application in industrial processes challenging. Several attempts have been
made to construct fusion proteins which help increasing thermostability while keeping
the enzyme cold-active. With the information gained from these experiments, the gene
used in this project was designed.*?> The maltose binding protein (MBP) was added to
the N-terminus of xylanase. MBP was shown to increase folding and vyield of
recombinant proteins in yeast.>® Furthermore, Carbohydrate Binding Module Family 4

(CBM4) was added to the C-terminus to improve binding to xylan.®°

In 2013 a xylanase from Aspergillus niger was successfully expressed in Pichia
pastoris GS115 using pPIC9K. Out of the multiple transformants obtained, one that
showed highest level of resistance against geneticin also showed highest xylanase
activity.®t Furthermore, a thermostable variant of the enzyme was successfully

expressed in Pichia pastoris GS 115 using a similar vector (pPI1C9).5?
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2 Materials and Methodology

2.1 Materials

2.1.1 Stock solutions, buffer, and media recipes

If not further specified, recipes were taken from “Pichia Expression

Invitrogen™ 20 All percentages refer to g/100 mL.

BMGY medium contains:

Kit" by

Ingredient Concentration
Biotin 4*10°%
Glycerol 1%
Peptone 2%
Potassium buffer, pH 6 100 mM
Yeast extract 1%
YNB 1.34%

BMMY medium contains:

Ingredient Concentration
Biotin 4*10%%
Methanol 0.5%
Peptone 2%
Potassium buffer, pH 6 100 mM
Yeast extract 1%
YNB 1.34%

13



LB (agar) medium contains:

Ingredient Concentration
Agar 2%
NaCl 1%
Tryptone 1%
Yeast Extract 0.5%

RDB (agar) medium contains:

Ingredient Concentration
Agar 2%
L-glutamic acid 0.005%
L-isoleucine 0.005%
L-leucine 0.005%
L-lysine 0.005%
L-methionine 0.005%
Biotin 4*10°%
Dextrose 2%
Sorbitol 1M
YNB 1.34%
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YPD (agar) medium contains:

Ingredient Concentration
Agar 2%
Dextrose 2%
Peptone 2%
Yeast Extract 1%

For YPD plates containing geneticin the antibiotic is added before pouring the plates

in respective concentrations.

Potassium buffer (1 M, pH 6) contains per litre:

Ingredient Volume
1 M K2HPO4 132 mL
1 M KH2PO4 868 mL

Tris buffer (1.5/0.05 M, pH 7.4) contains:%3

Ingredient Concentration

Tris base 1.5/0.05 M

The pH was adjusted using HCI.

Binding buffer (pH 7.4) contains:5

Ingredient Concentration
Sodium phosphate 20 mM
NaCl 05M
Imidazole 20 mM

15



Elution Buffer (pH 7.4) contains:%*

Ingredient Concentration
Sodium phosphate 20 mM
NaCl 0.5M
Imidazole 500 mM

SDS Running Buffer (10x) contains:®°

Ingredient Concentration

Tris base 0.2501 M
NacCl 1.924 M

Imidazole 0.03467 mM

Ampicillin and Geneticin
An ampicillin stock solution with a concentration of 25 mg/mL and a geneticin stock

solution of 200 mg/mL were prepared. Both were sterilized with a 0.22 pum syringe filter.

2.1.2 Kits

To extract plasmids from bacteria the GeneJET Plasmid Miniprep Kit (ThermoFisher cat.

no. 00338468) was used.

2.1.3 Strains
Escherichia coli DH5a was used to transform and multiply plasmids. It is one of the

most used strains for this purpose.®®

Pichia pastoris KM71 was used for the methanol-induced expression of the proteins.

The strain is widely used for the expression of recombinant proteins.®’
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2.2 Methodology

2.2.1 DNA quantification

For measuring DNA concentrations, a MaestroNano by Maestrogen was used. It
measured 3 wavelengths for RNA, DNA (A260), protein concentrations (A280) and other
contaminants (A230) so it also provides information about the purity of the sample. For

each measurement 2 uL were used.

2.2.2 Gel electrophoresis

For analyzing the size of DNA fragments gel electrophoresis was performed with 0.7%
agarose gels with GelRed Nucleic Acid Stain 10000x in DMSO. The power supply EPS
3500 XL by Pharmacia Biotech was used, and the gel ran at 70 V for 40 minutes in TAE

1x buffer.
Afterwards the gel was analyzed with the Gel Doc™ EZ System by Bio-Rad.

2.2.3 Glycerol stocks
To prepare glycerol stocks, 500 pL of bacteria/yeast culture were added to 500 uL of

glycerol 40 % and frozen at -80°C.

2.2.4 Preparation of competent E. coli DH5a cells
Competent cells are bacterial cells that can accept foreign DNA and plasmids from the
environment.®® They are needed to perform transformation. The cells were prepared

using the CaCl2 and MgCl2 method adapted from Sambrook et al. (1989).5°

A culture of E. coli DH5a was grown overnight (37°C in LB medium). On the next day
50 mL of fresh LB were inoculated with 1 mL (1/50) of the overnight culture and
incubated at 37°C and 250 rpm until an ODsoo of 0.2 — 0.3 was reached. Afterwards
the culture was placed on ice for 10 min and then centrifuged at 3000 rpm and 4°C for
10 min. The supernatant was discarded, and the pellet resuspended in 12.5 mL (1/4)

0.1 M MgCl2 before being put on ice for 5 min. Then the resuspended cells were
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centrifuged again for 10 min at 4000 rpm at 4°C. The supernatant was removed again,
and the cells got resuspended in 2.5 mL (1/20) 0.1 M CaCl2 before being put on ice for
20 min. Afterwards the cells were centrifuged one last time at 4°C and 4000 rpm for 10
min. The pellet got resuspended in 1 mL (1/50) of 85% 0.1 M CacCl:z solution plus 15%
glycerol. The cells were aliquoted in 100 pL in sterile 0.6 mL Eppendorf tubes before

being stored at -80°C until use.

2.2.5 Transformation of competent E. coli DH5a cells
Transformation is the uptake of DNA from the environment by a bacteria cell.”® The
procedure was adapted from Sambrook et al. (1989) and the Pichia Expression Kit by

Invitrogen™ (2014).20.6°

2.5 pL (625 ng) of the diluted genes were mixed with 100 yL of chemically competent
E. coli DH5a cells and kept on ice for 30 minutes. Afterwards a heat shock was
performed at 42 °C for 45 sec before being placed on ice again for 1 min. Then 900 pL
of LB medium were added and the tube incubated in a shaker at 37°C for an hour. The
bacteria were cultivated on LB plates (supplemented with 100 pug/mL ampicillin) and

grown at 37°C.

2.2.6 Linearizing plasmids with Sacl
The digestion was performed at 37°C for 1h followed by a heat inactivation at 65°C for
20 min. The protocol was taken from New England Biolabs’ website and the digestion

mixture is shown in table 1.72
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Table 1: Digestion mixture Sacl

Ingredient Mass or Volume
DNA 20 ug
NEBuffer™ r1.1 50 pL
Sacl 10 pL
Water to 500 pL

2.2.7 Phenol-Chloroform Extraction and Ethanol Precipitation

The protocol was adapted from Thermo Fisher Scientific Inc.”?

500 pL of phenol:chloroform:isoamyl alcohol (25:24:1) were mixed with 500 pL of the
sample containing the DNA and vortexed for 20 sec. Afterwards, the mixture was
centrifuged for 5 minutes at 4°C at 16000 x g. The upper, aqueous phase (~500 pL)

was removed and transferred into a fresh tube.

After the phenol-chloroform extraction, 250 pL of 7.5M NH4OAc and 1875 pL of 100%
ethanol were added. The sample was stored at -80°C for 1.5h. Afterwards, the sample
was centrifuged at 4°C for 30 minutes at 16000 x g and the supernatant discarded.
150 pL of 70% ethanol were added before centrifuging the sample at 4°C for 2 min.
The supernatant was discarded, and the sample placed in a drying cabinet for 10 min.
In a final step, the pellet was resuspended in TE buffer by pipetting up and down 30-

40 times.

2.2.8 Preparation of P. pastoris cells for the transformation

The procedure was taken from “Pichia Expression Kit” by invitrogen™ .20

A 5 mL culture Pichia pastoris GM71 was grown overnight in YPD media in a 50 mL

falcon tube at 30°C and 200 rpm. The next day, an Erlenmeyer flask containing 500
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mL of fresh YPD media was inoculated with 0.2 mL of the overnight culture and grown

until an ODsoo of 1.3 — 1.5 was reached (30°C, 200 rpm).

The cells were centrifuged four times at 1500 x g at 4°C for 5 min. After the first
centrifugation step, the cells were resuspended in 500 mL ice cold, sterile water and
after the second one in 250 mL. In the last two centrifugation steps, the cells were first

resuspended in 20 mL, then in 1 mL of 1 M ice-cold sorbitol.
Transformation of cells was performed immediately after.

2.2.9 Electroporation of P. pastoris

The procedure was taken from “Pichia Expression Kit” by invitrogen™ .20

80 L of the cells were mixed with 10 ug of linearized DNA and transferred to a 0.2 cm
electroporation cuvette which was put on ice. The cuvette containing the mixture was

stored on ice for 5min before the electroporation was performed.

The electroporation device used was the Gene Pulser Xcell Electroporator by Bio-Rad
Laboratories, Inc. The manufacturer suggested for electroporation of Pichia pastoris

the following parameters:

Table 2: Parameters for electroporation of Pichia pastoris

Pulse type | Capacitance | Resistance Volt Cuvette Cell vol
(HF) (Q) (cm) (ML)
Exponential 25 200 2000 0.2 40
decay

Immediately after the electroporation ended, 1 mL of ice-cold 1 M Sorbitol was added

to the cuvette and its content transferred to a sterile microcentrifugation tube.
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200 pL of the mixture was plated onto RDB plated and incubated at 30°C until colonies

could be seen.

2.2.10 In Vivo Screening of Multiple Inserts
The procedure was taken from “pPIC9K - A Pichia Vector for Multicopy Integration and

Secreted Expression” by Invitrogen™ 46

2 mL of sterile water was pipetted on the RDB plates containing transformants. By
running a sterile spreader above the top layer of the agar, the colonies were removed
from it. The cell suspensions were then transferred into a 50 mL conical centrifuge tube
and briefly vortexed. By using a spectrophotometer, the cell density was determined.

1 ODeoo correspond to 5 x 107 cells/mL.

10° cells were plated on YPD agar containing different concentrations of geneticin
(0.25, 0.5, 0.75, 1.0, 1.5 and 2.0 mg/mL). The plates were incubated at 30°C and

checked daily if colonies appeared.

2.2.11 PCR Analysis of Transformants
To check the transformants for inserts, colony PCR was performed. The procedure

was adapted from Royle and Polizzi (2017).73

As pre-treatment, single colonies were resuspended in 10 uL 20 mM NaOH and
incubated at 100°C for 15 min. 2 pL of the supernatant were then used as template for

PCR.

The mix for the PCR can be seen in the table 3.
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Table 3: Mix for colony PCR

Component Concentration/Volume
Phusion HF Buffer 1X

dNTPs 10 mM

Forward primer 10 uM

Reverse primer 10 uM
DMSO 2% (vIv)

Phusion DNA polymerase 1U
DNA template 2 uL
Total Volume 50 pL
The protocol used for the thermocycler is shown in the table 4.
Table 4: Thermocycler protocol for colony PCR
Temperature Time
Initial denaturation
95°C 7 min
Loop

95°C 20 sec

53°C 30 sec

72°C 80 sec

Final elongation
72°C 7 min
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2.2.12 Activity Assays

22121 Trypsin

The assay was adapted from Iversen and Jgrgensen (1995). 74

Tris buffer: 50 mM, pH 7.6
Azocasein: 6 g/L in Tris buffer
Trypsin: 0.05 g/L in Tris buffer

Trichloroacetic acid (TCA): 2 M

Positive Control: 200 pL azocasein (6 g/L) + 200 uL trypsin in Tris buffer

200 pL of the samples were mixed with 200 pL of 6 g/L azocasein and incubated at
37°C for 24h. The reaction was stopped by adding 800 uL of TCA. Afterwards the tubes
were centrifugated for 10 min at 13000 rpm and the absorbance of the supernatant

measured at 440 nm. Water was used as a blank.

2.2.12.2 Xylanase

The protocol was adapted from Sanhueza et al. (2018).7®

A stock solution of 2% (w/v) xylan (Megazyme) was prepared in 50 mM Tris-HCI buffer,
4 mM CacClz (pH 8). To start the assay, 40 pL of the stock solution and 5 L of the
sample were mixed with 35 puL of the same buffer. The mixture was incubated at 25°C
for 30 min. To end the reaction, 80 uL of DNS were added and incubated at 95°C for

10 min. Afterwards the absorbance at 550 nm was measured.

2.2.13 Cultivation and Expression

The procedure was adapted from “Pichia Expression Kit” by invitrogen™ .20

100 mL of BMGY mediain a 2 L baffled flask were inoculated with a single colony. The

culture was grown at 28°C and 250 rpm until an ODsoo of 2 was reached.
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Afterwards, the cells were harvested by centrifuging at 3000 x g for 5 minutes at
room temperature. The supernatant was discarded, and the cells resuspended in 20
mL of BMMY media. The culture was grown at 28°C and 250 rpm in a 250 mL baffled
flask covered with 2 layers of sterile gauze. Once a day a day, methanol was added

to the culture to a final concentration of 0.5% (v/v).

2.2.14 Scale up
The procedure was adapted from “Standard Protocol: Screening for Pichia pastoris
production strains using enzymatic glucose release in 24-deep-well-plates” by AG

Mattanovich and “Pichia Expression Kit” by invitrogen™ 2030

10 mL of BMGY media in a 100 mL baffled flask were inoculated with a single colony.

The culture was grown at 28°C and 250 rpm until an ODsoo of 2 was reached.

Another 500 mL of BMGY media were prepared in a 2 L baffled flask and inoculated
with the 10 mL culture. As soon as the culture reached the same ODeoo, the cells

were harvested by centrifuging at 3000 x g for 5 minutes at room temperature.

The supernatant was discarded, and the cells resuspended in 100 mL of BMMY
media. The culture was grown at 28°C and 250 rpm in a 2 L baffled flask covered
with 2 layers of sterile gauze. Twice a day, methanol was added to the culture to a

final concentration of 0.5% (v/v).

2.2.15 SDS-PAGE, Coomassie blue and silver staining
The composition of the 12% polyacrylamide gel was adapted from the “Handcasting

Polyacrylamide Gels Protocol” by Bio-Rad Laboratories, Inc.”® It is shown in table 5.
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Table 5: Composition of 12% polyacrylamide gel

12% Polyacrylamide gel
Ingredient Resolving gel Stacking gel
30% Acrylamide/Bis-acrylamide 6 mL 1.98 mL
Buffer Tris (1.5M, pH 8.8) 3.75 mL -
Buffer Tris (0.5M, pH 6.8) - 3.78 mL
10% SDS 150 pL 150 pL
Water 5.03 mL 9 mL
TEMED 7.5 uL 15 uL
APS 10% (w/v) 75 pL 75 pL
Total volume 15 mL 15 mL

The gel was run at 200 V until the dye front has reached the bottom of the gel.

The chamber used was BioRad Mini-PROTEAN tetra cell.

The power supply used was BioRad PowerPac 1000.

The Coomassie blue staining protocol was adapted from protocolsonline.”’

The gel was fixed in a solution containing 25% isopronanol and 10% acetic acid in
water for 60 minutes. Afterwards, the gel was stained in a solution of 10% acetic acid
and 60 mg/L Coomasssie Blue R-250. The staining was continued until bands

appeared. The gel can be destained in 10% acetic acid.

The silver staining staining protocol was adapted from “Silver Staining Protocol” by
ConductScience.’®

The gel was fixed in solution that contained 40% ethanol, 10% acetic acid and 50%
water for 1h. In the following washing step, the gel was placed in water for 1h.

Subsequently, the gel was put in a solution containing 0.5% dichromate (DTT) for 30
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min. Afterwards, the gel was equilibrated in a 0.1% silver nitrate solution for 30 min.
This part of the silver staining procedure had to be done in darkness. In the final part,
the gel was washed with water and revealed using a 250 mL solution containing 9 g
sodium carbonate and 0.15 mL of formaldehyde (37%). To stop the reaction, 6 grams
of acetic acid were given to the solution.

The gel was analyzed using the Gel Doc™ EZ System by Bio-Rad.

2.2.16 Purification via FPLC
The procedure was adapted from “HisTrap™ FF, 1 ml and 5 ml Instructions” by
Laboratory Supplies Limited. % Buffers, sample and Millipore water were filtered and

sonicated before being applied to the column.

The column used was HisTrap FF 1 mL. As a first step it was washed with 3 column
volumes of Millipore water at a flow rate of 1 mL/min. The column was then equilibrated
with 5 column volumes of binding buffer at the same flow rate. Afterwards the sample
was applied using a pump and the column washed until the absorbance reached a
steady value. The protein was eluted using a linear gradient of the elution buffer (8

column volumes). The samples were collected in a 96 deep well plate.
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3 Results

3.1 Multiplying, purifying and digesting plasmid DNA

The pPIC9K plasmids containing the respective enzymes were transformed into E. coli
DH5a according to the protocol. Additionally, the original pPIC9K plasmid was
transformed as well to have a negative control in future experiments. After plating and
growing them overnight, transformants could be found. Single colonies were picked,

and glycerol stocks prepared.

To obtain plasmids in greater quantities, one colony of each E. coli transformant was

picked and grown overnight in 15 mL LB media + ampicillin (100 pg/mL).

The following day, plasmids were extracted with the GeneJET Plasmid Miniprep Kit in
250 pL sterile water. Using nanodrop, the concentrations were determined. The results

are shown in table 6:

Table 6: Plasmid concentrations after extracting

Plasmid Concentration (ng/pL) Mass (ug)
pPIC9K-subtilisin 180.64 45.16
pPIC9K-trypsin 115.48 28.87
pPIC9K-xylanase 145.72 36.43
pPICOK 134.97 33.74

30 pg of each DNA sample was digested with Sacl to eventually obtain His* MutS
transformants of Pichia pastoris KM71. Afterwards Phenol/Chloroform extraction was
performed, and the DNA precipitated using ethanol. The DNA was resuspended in 15

pL water and analyzed using nanodrop. Results are shown in the table 7:
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Table 7: DNA concentrations after digestion, extraction, and precipitation

Digested plasmid Concentration (ng/pL) Mass (1g)
pPIC9K-subtilisin 692.28 10.38
pPICI9K-trypsin 847.33 12.71
pPIC9K-xylanase 708.67 10.63
pPICOK 739.46 11.09

3.2 Transformation and screening of P. pastoris

The Pichia pastoris cells were prepared and electroporation performed according to

the protocol. Afterwards, the aliquots were grown on RDB plates at 30°C.

Two days later, colonies could be found. To screen for multiple inserts, colonies were
picked and grown on YPD plates containing geneticin concentrations ranging from 0.25
— 2 mg/mL. After 3 days, pPIC9k-trypsin transformants appeared on plates containing
0.25 — 1.0 mg/mL. Colonies of the remaining transformants could only be found on
plates containing 0.25 and 0.5 mg/mL. To confirm the insert, one colony for each
respective insert was picked and colony PCR performed. The a-forward and AOX-
reverse primer were used. The original plasmids sent by Integrated DNA Technologies,

Inc. were utilized as positive control. The samples were analyzed by gel

electrophoresis and the results are shown in figure 2.
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Figure 2: Gel electrophoresis of colony PCR samples (T: trypsin, X: xylanase, S: subtilisin, C: positive control)

The bands line up with their respective positive control and have the correct size

(trypsin: 1246 bp, xylanase: 3001 bp, subtilisin: 1405 bp).

Glycerol stocks were prepared and the strains containing the respective insert called

Pichia pastoris KM71-trypsin, KM71-subtilisin, KM71-xylanase and KM71-pPIC9k.

3.3 Expression
3.3.1 Trypsin
3.3.1.1 Screening transformants for trypsin expression

Multiple strains were tested for the expression of trypsin taken from plates containing

different concentrations of geneticin (0.25 — 1 mg/mL).

The first expression was done according to the protocol by Invitrogen™. Methanol was
added every 24h to a final concentration of 0.5% and the cultivation was performed at
28°C. A sample was taken every time the culture was fed, and an activity assay

performed after all samples were taken.

29



Protease activity could be observed in all strains tested though it differed remarkably.
In figure 3, the results of an activity assays of two trypsin strains are shown. Pichia
pastoris KM71-Trypsin (1) showed a high resistance (1 mg/mL) while P. pastoris KM-
71-Trypsin (2) showed low resistance (0.25 mg/mL) against geneticin. As a negative

control P. pastoris KM71-pPIC9K was used.
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Figure 3: Trypsin expression levels of samples taken from different P. pastoris strains

The absorbance of the samples of P. pastoris KM71-Trypsin (1) jumped from 0.328 to
0.592 in the first 12h after expression. It continued to rise but with each sample the

jump was smaller. The final value of 1.004 was reached after 108h.

The samples taken from P. pastoris KM71-Trypsin (2) showed a smaller jump in
absorption after 12h (0.357). It continued to rise until after 60h the absorbance did not

change a lot anymore (0.435 — 0.447).

The control strain started around the same value and was almost steady for the first
48h of cultivation (0.335 — 0.343). Afterwards the absorbance sank to a final value of

0.291 at 108h.
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The supernatant of P. pastoris KM71-trypsin (1) was further analyzed via SDS-PAGE.
P. pastoris KM71-pPIC9K was used as a negative control. The samples were
denaturated and applied to a polyacrylamide gel. Afterwards, Coomassie blue staining

was performed. The gel is shown in figure 4.

Figure 4: Coomassie blue staining of the transformant’s supernatant

The culture of the trypsin transformant (right sample) showed a band that can be
assigned to trypsinogen (36.8 kDa). Further bands of higher molecular weight can be
seen, too. The negative control (left sample) only showed bands above the size of 55

kDa.

It was decided to analyse the gel with the more sensitive silver staining. The gel is

shown in figure 5.
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Figure 5: Silver staining of the transformant’s supernatant

Silver staining revealed additional bands of higher and lower molecular weight. Two of
them could be assigned to trypsin (23.17 kDa) and the propeptide (13.6 kDa). The

negative control (left sample) only showed bands above the size of 55 kDa.

3.3.1.2 Enhancing trypsin expression

Different feeding strategies which were adapted from “Standard Protocol: Screening
for Pichia pastoris production strains using enzymatic glucose release in 24-deep-well-
plates” by AG Mattanovich were tested. Two cultures were fed once a day with
methanol to a final concentration of 0.5% and 1%, respectively. The other two
concentration were fed twice a day to the same final concentrations. The results of the

following activity assay are shown in figure 6:
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Figure 6: Trypsin expression levels of samples taken from cultures with different feeding strategies

Feeding twice a day to a final concentration of 0.5% resulted in highest expression of
trypsin. The cultures of P. pastoris KM71-Trpysin (1) all started at similar Oh
absorbance values (0.196 — 0.234) and showed a jump in the first 12h (0.386 — 0.476).
Afterwards the absorbance continued to rise but less steep until 36h after induction
(0.504 - 0.649). In the following hours, the activity of the culture that was fed twice a
day to a final concentration of 1% methanol stagnated between 0.590 — 0.615 until the
end of the cultivation. The remaining cultures all showed a slower but continuous rise

in absorbance until the cultivation ended with maximum values between 0.634 — 0.865.

The absorbance of the negative control started at a similar value (0.193) but declined

steadily until a value of 0.086 was reached after 108h.

3.3.2 Xylanase

The xylanase expression was done after the second trypsin expression so feeding
strategy that showed best results was chosen (2-times a day, final concentration of
0.5%). Two transformant strains were cultivated and a Pichia pastoris strain (clone 6)
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producing another xylanase variant was used as a positive control. The expression
temperature was lowered (20°C) compared to the one used for trypsin (28°C) since
the xylanase gene originates from bacteria from the Antarctic to create a more natural

environment.42

Unfortunately, no xylanase activity could be measured in the supernatant of in P.
pastoris KM71-xylanase. The positive control showed xylanase activity. Results of the

activity assay are shown in figure 7.
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Figure 7: Xylanase expression levels of samples taken from different P. pastoris strains

The absorbance of the positive control started at a value of 0.037 and rose steadily to
1.022 after 168h. For the two transformants absorbance values between -0.014 and

0.032 were observed, indicating no enzyme activity.

The expression was repeated at 28°C and 15°C but no xylanase activity detected.
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3.4 Scale up and purification of trypsin

The expression of trypsin was scaled up to a total volume of 100 mL. To continue
working with the supernatant, the culture was centrifuged at 3000 x g for 10 min. The
supernatant was tested for trypsin activity and the results are shown in figure 8. Pichia

pastoris KM71-pPIC9K was used as a negative control.

Scale-Up Activity Assay
72h Expression of Trypsin in Pichia pastoris
0,6
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0,1

pPIC9K KM71-Trypsin (1)

Figure 8: Trypsin expression levels after Scale-Up

The absorbance value (0.489) is not as high as the one observed after 60h — 82h when
testing different feeding strategies (0.727 — 0.794; figure 4). Nevertheless, sufficiently

high trypsin expression could be observed to continue with the purification.

After ensuring the expression of trypsin in the scale-up culture, purification with FPLC
was performed. A HisTrap column was used because the propeptide of trypsin is

histidine-tagged. 20 mL of the supernatant were kept for analysis.

The chromatogram of the purification is shown in figure 9. The blue line depicts the UV

absorption at 280 nm in mAU (milli-absorbance unit) which provides information about
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the protein content. The green line shows the concentration of the elution buffer which

was added in a gradient.
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Figure 9: Chromatogram of trypsin purification

When the application of the sample was started (0 mL) the absorption jumped rapidly
from -50 mAU to 1800 mAU. During the whole application process (0 - 140 mL) the
value did not change. Shortly after the application was done, the absorption fell quickly
back to a value of -50 mAU. At around 184 mL the elution was started. Soon after
(~187 mL) a small peak could be observed that reached a maximum at 189 mL with a
value of ~100 mAU. At around 194 mL the absorbance had reached its initial value of

-50 mAU again.

Figure 10 depicts a more detailed image of the absorbance peak during the elution.
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The zoomed-in picture of the elution peak provides information about the fractions
collected. The fractions that did show absorbance (4 — 10) were pooled to be tested
for activity. 20 pL of each fraction were kept to be further analyzed on a polyacrylamid

gel. For comparison, the flow-through, original sample a negative control were tested

180 182
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190

Figure 10: Zoom-in of the elution peak (trypsin purification)

for activity, too. The results are shown in the figure 11.
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Activity Assay
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Figure 11: Activity assay of fractions 4-10, flow-through, original sample and negative control

Fractions 4 — 10 only showed very little absorbance (0.254) compared to the flow-
through (0.387). The absorbance of the negative control (0.163) and original sample
(0.426) were lower but similar to the ones measured before purification (0.171, 0.489;

figure 7).

Fractions 1 — 13 were denaturated and applied to a polyacrylamide gel. Afterwards

silver staining was performed. The result is shown in figure 12.
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Figure 12: Polyacrylamide gel of fractions 1-13

The gel revealed that great amounts of the propeptide (13.6 kDa) had bound to the
column while no band of trypsinogen (36.8 kDa) could be observed. A few further

bands appeared after silver staining with molecular weights greater than 40 kDa.
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4 Discussion

4.1 Multiplying, purifying and digesting plasmid DNA

The plasmids were amplified without any problems. All pPIC9K plasmids containing
the sequence of a respective enzyme could be transformed into E. coli DH5a. The
CaClz and MgCl2 method is one of the most common ways to prepare chemical
competent E. coli DH5a cells and usually shows good transformation results.”® The

ampicillin resistance encoded in pPIC9K allowed screening for the colonies hosting it.

In the following plasmid extraction and DNA quantification concentrations ranging
between 134.97 — 180.64 ng/uL were measured. The concentrations were all in the

same magnitude and sufficiently high to continue to digest the plasmids.

After digesting the plasmids with Sacl, the DNA was extracted and precipitated.
Analysing the samples with nanodrop revealed only around a third (10.38 — 12.71 ug)
of the originally used DNA (30 ug) was left. This seem like a huge loss, however,
phenol/chloroform extraction followed by ethanol precipitation is prone to loss of
DNA.8 The protocol used for the transformation of P. pastoris suggested to use 5 — 20
ug of linearized DNA.2° Therefore, enough DNA was recovered to perform

electroporation of the yeast cells.

4.2 Transformation and screening of P. pastoris

The electroporation of Pichia pastoris was successful and His* transformants were
found on the RDB plates. Pichia pastoris KM71 lacks the HIS4 gene and is unable to
grow on media lacking histidine.?® The gene encodes for a trifunctional enzyme,
catalysing 3 crucial steps in the biosynthesis of the amino acid.*® The pPIC9K vector
hosts the gene so after successful homologous recombination the transformants gain

the ability to synthesize histidine themselves. However, screening via histidine does
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not give information about possible multiple inserts. Hence, the transformants were
pooled and screened on YPD plates containing geneticin with concentrations ranging
between 0.25 — 2 mg/mL. The cells could not be screened using geneticin immediately
after transformation because they need time to express sufficient amounts of the

resistance factor.4%

A single copy of the plasmid integrated into the genome confers resistance to 0.25
mg/mL geneticin. Thus, greater resistance indicates multiple inserts. Transformants
hosting the trypsin sequence were found on plates with concentrations of 0.25 and 0.5
mg/mL. Therefore, it is likely trypsin transformants have at least 2 inserts.
Transformants hosting the remaining sequences could only be found on plates
containing 0.25 mg/mL, indicating single inserts. Statistically, 1-10% of transformants
have multiple inserts.*® Hence, it is not surprising only very few transformants were

found on plates containing a concentration higher than 0.25 mg/mL geneticin.

Single colonies for each respective insert were picked. Via colony PCR the sequences
of the enzymes were confirmed inside the genome of the P. pastoris strains created.
All bands appearing on the gel corresponded to the expected sizes: trypsin (1246 bp),

xylanase (3001 bp) and subtilisin (1405 bp).

4.3 Expression of trypsin

In the first part multiple strains showing different levels of geneticin resistance were
tested. The azocasein assay that was performed afterwards cannot be used to
determine trypsin-specific activity but protease activity in general.8® However, the
polyacrylamide gel (figure 4) which was prepared afterwards confirmed the expression
of trypsinogen. Trypsinogen becomes the active form trypsin by cleaving the N-
terminal propeptide.8? The plasmid construct used allows for self-activation of the

enzyme.®0 Since bands of trypsinogen, trypsin and the cleaved propeptide could be
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seen on the polyacrylamide gel, the measured protease activity can be linked to

trypsin.

The negative control of the very first activity assay (figure 3) showed a noticeably
higher absorbance (0.335) compared to future assays (0.163 — 0.193; figure 5, 7, 10).
Reasons for this could be the expression of an endogenous protease or the occurrence
of mistakes when performing the assay. Either way, the result did not affect the

subsequent experiments of the project.

The previous assumption of multiple integration events having happened in strains
growing on plates containing higher geneticin concentrations seems highly probable.
Higher gene copy numbers in Pichia pastoris can increase recombinant protein
production remarkably®® and the absorbance in the activity assay of Pichia pastoris
KM71-Trypsin(1) was a lot higher compared to Pichia pastoris KM71-Trypsin(2).
However, some cases of decreased protein production after multiple integration are
known, including human trypsinogen. A study from 2004 showed, a copy number
greater than 2 resulted in decreased trypsinogen expression when using the AOX
promotor. It was concluded that accumulation of unfolded intracellular proteins causes
an unfolded protein response (UPR) in Pichia pastoris.>” UPR is a signalling network
to restore functionality of the endoplasmatic reticulum. If the cell fails to adapt to the
stress, apoptosis is induced.®* Thus, an optimal number rather than maximum number

of copies should try to be achieved.®

Since time spent on the thesis is limited, it was decided to first try to improve the
expression by altering the feeding strategy. Another round of transformation and
screening of multiple P. pastoris strains would be more time-consuming but is a valid

option in case of too low expression levels.
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To improve the expression of trypsin, methanol feeding strategies were adapted from
“‘Mattanovich Lab: Metabolic and Cell Engineering” working group at the Universitat fur
Bodenkultur in Vienna. The team has conducted research on Pichia pastoris for many
years with numerous publications unravelling the mechanisms of recombinant protein
production in yeast cells.?’~?° Since they are in close contact with the CeBiB center,

they send us the protocol.

The results suggested the feeding strategy could be improved by feeding twice a day
to a final concentration of 0.5% methanol. The difference in activity was not huge
compared to the old feeding strategy (once a day, 0.5% methanol) but noticeable.
Additionally, it was tested to feed the cultures to a final concentration of 1% methanol.
Enzyme activity could be observed in both of these cultures though it was lower.
Feeding the culture twice a day to final concentration of 1% methanol seemed to be
too much to handle for the cells since the activity decreased after 60h. High methanol
concentrations can lead to the accumulation of toxic by-products (formaldehyde and

peroxide) which is probably the reason for the drop in activity.®

The protocol by Invitrogen™ provides other suggestions for the improvement of
expression such as scale-up of the culture, expression in MutS strains and expressing
the enzyme intracellular.?° Further adaption from the Mattanovich Lab could be the use
of a higher ODs0o (8) and glucose limitation of the main culture before induction.° Other
sources suggest the co-overexpression of enzymes of the methanol utilization pathway

or proteins which improve folding.87-88

Since the timeframe for this thesis is limited, it was decided to first attempt to express

xylanase and purify trypsin before trying to further improve the expression.
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4.4 Expression of xylanase
Unfortunately, no xylanase activity could be observed after multiple attempts at
expressing the enzyme. A common problem of the expression of cold-active enzymes

mesophilic hosts is the formation of inactive aggregates.®®

An approach to solve this problem could be the co-expression of proteins improving
the cell’s folding machinery such as chaperons. Studies have shown that in many
popular host systems like E. coli and P. pastoris the secretion of active enzymes could
be improved remarkably.®®°* Furthermore, it is possible to refold proteins post
expression. In this approach a denaturant (e.g., urea or 2-mercaptoethanol) is added
and then slowly removed to refold the protein. However, the method can be very time-
consuming and result in low yield.® A third approach is optimizing the gene codon
according to the genetic preference of P. pastoris. Multiple codons encode the same
amino acid. However, these synonymous codons are not found equally often in
genomes. Therefore, every organism has a codon usage bias (CUB).%2 Multiple studies
have shown the choice of codon can influence the translational efficiency.93-9

However, CUB was considered in the design process of the vector.

Unfortunately, there was no time to determine if the enzyme was produced and
aggregated or not produced at all. The focus was put on the purification of trypsin
instead. However, a group of researchers at the Universitat fir Bodenkultur in Vienna
successfully expressed the xylanase. They used the same temperature for the
expression and detected xylanase activity after 48h so their positive results must come
down to their Pichia strain and expression protocol. The plasmid construct used was
similar, however, they expressed the enzyme in Pichia pastoris CBS7435. The

transformations resulted in MutS strain, but the plasmid does not introduce the His4
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gene. Furthermore, their expression protocol differed. The yeast was grown to a higher

ODsoo (8) on minimal media and glucose limitation was utilized during the induction.

At this point it is not possible to determine if the strain, their protocol, or the combination
of both was the reason for their success. Correspondingly, work with the strain that

was created as part of this thesis will not be continued.

4.5 Scale up and purification
The expression of trypsin was scaled up without any problems. The subsequent activity
assay did show sufficiently high absorbance to link it to the expression of trypsin and

no other proteases.

The following purification was done with a His-tag column. The elution peak was
relatively small, and the activity assay revealed that most of the protease activity could
be found in the flow through. The activity of the original sample was a bit lower than
before the purification. This could be due to trypsin being prone to autolysis.®® The
polyacrylamide gel showed very intense bands for the propeptide in the eluted fractions
4-7. In the trypsin sequence utilized, the His-tag is part of the propeptide. Therefore,
no band of active trypsin could be seen. Further bands that can be seen on the gel are
most likely other native proteins expressed by Pichia pastoris which are rich in
histidine. The band at around 40 kDa could potentially be trypsinogen (36.8 kDa).
However, when comparing it to the gel after the first expression (figure 4), the
trypsinogen band seems to be lower and closer to the 35 kDa marker band.
Furthermore, the low protease activity suggests the absence of detectable amounts of
trypsinogen in the elution fractions. A common contaminant when purifying His-tagged
proteins from Pichia pastoris is mitochondrial alcohol dehydrogenase isozyme |li
(mADH) which has a similar molecular weight of ~40 kDa.®”-® The band that can be

seen around 40 kDa could therefore be mADH.
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It can be concluded that the purification of trypsin utilizing the histidine tag is improper.
After cultivation a considerable amount of trypsinogen already converted into active
trypsin and propeptide what leaves trypsin in the flow through. The histidine tag being
part of the propeptide was expected to be a possible problem in the purification
process. But since the propeptide construct worked well in the expression of
Streptomyces griseus trypsin in Pichia pastoris®, it was decided to not alter the
sequence for this project. Another problem is trypsinogen not binding to the column. A
possible explanation could be that the tertiary structure of the protein occludes the
histidine tag. This problem could be fixed by denaturing trypsin with urea or guanidium
hydrochloride to make the histidine tag accessible.?® The enzyme could after
purification be refolded by dialyzing away the denaturants.1°® However, this would not
fix the problem of active trypsin in the flow through. A better option would be the use
of benzamidine-sepharose as stationary phase. The technique has been proven to be
an efficient purification strategy for trypsin.t Benzamidine is an aromatic amidine

which can inhibit serine proteases and bind them reversible.1%?
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5 Summary and outlook

The aim of this work was to introduce the genes of 3 enzymes (subtilisin, trypsin and
xylanase) in Pichia pastoris KM71. The sequences of these enzymes all derive from
bacteria isolated from extreme environments in Chile, namely the Atacama Desert and
Chilean Antarctica. For this project the vector pPIC9K was utilized which had showed
great results in previous studies with Pichia pastoris.50:103.104 |t contains the a-secretion
factor, AOX promotor, two antibiotic resistances (kanamycin and ampicillin) and
multiple restriction sites. When the vector is used for transformation of P. pastoris

KM71 it results in His™ and MutS strains.

The transformation was performed via electroporation. Colonies were first screened on
medium lacking histidine and afterwards on plates containing different concentrations
of geneticin. The following colony PCR confirmed that all sequences were successfully
introduced into 3 novel Pichia pastoris strains. The expression of trypsin was an
immediate success. Multiple trypsin transformants were tested and strains that had
showed a higher resistance against geneticin showed greater results in the following
activity assay. Hence, greater resistance against the antibiotic implies the integration
of multiple inserts and higher enzyme production. The expression was then tried to be
improved by altering the methanol feeding strategy. The results suggest feeding twice
a day to final concentration of 0.5% is the best of the ones tested though further
improvements can be made. In the final part of the project the purification of trypsin
was attempted. Unfortunately, only the cleaved propeptide bound to the column since
it contains the His-Tag that was utilized. The zymogen trypsinogen should have
bounded as well so it is likely the tertiary structure of trypsinogen occludes the His-tag.
Multiple attempts to express xylanase failed and there was no time left to attempt the
expression of subtilisin.
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Work on the purification of trypsin will be continued. A good option would be the use
of column containing benzamidine-sepharose. Benzamidine is an aromatic amidine
which can inhibit and bind trypsin reversible.1%> A group of researchers from Vienna
which are in close contact with the CeBiB managed to express xylanase in a different
Pichia pastoris strain with a different expression protocol and plasmid construct.
Therefore, work with the xylanase strain developed as part of this thesis will not be
continued. However, their protocol will be used to improve the expression of trypsin

and attempt to produce subtilisin.
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7 Appendix

7.1 Chemicals

Acrylamide/Bis-acrylamide
Acetic acid

Agar, Bacto

APS 10% (w/v)
Azocasein

Biotin

CaCl2

Coomassie blue R-250
Dithiothreitol (DTT)
DMSO

dNTPs

Formaldehyde (37%)
GC Buffer 5x
Geneticin

Glucose

Glycerol

Glycine

HCI

B-0100 Winkler

131008.1612 PanReac

2145430 Difco

15523-012 Gibco-BRL

A2765-5G Sigma Aldrich

B4501-1G Sigma Aldrich

CA-0520 Winkler LTDA

1.12553 Sigma Aldrich

BMO0665 Winkler

1.02931.1000 Merck

N0447S NEB

BM-0780 Winkler

B0519S NEB

SC-29064A Enco

1.08337.1000 Merck

BM-0820 Winkler

B0820 Winkler

00172 Loba Chemie
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Hepes

Imidazole

Isopropanol

KH2PO4

K2HPOa4

KOH

L-glutamic acid

L-isoleucin

L-leucine

L-lysine

L-methionine

Mannitol

Methanol

NEBuffer™ r1.1

MgCl2

NacCl

NaOH

Ndel

Peptone

Phusion HF buffer

H3375 Merck

1.04716.0250 Merck

563935 Sigma Aldrich

131509.1211 PanReac

131512.1211 PanReac

1.05033.1000 Emsure

49449 Sigma Aldrich

12752 Sigma Aldrich

4330 Calbiochem

440-100G Calbiochem

9265 Sigma Aldrich

105982 Merck

131091.1612 PanReac

B7201 NEB

1.05833.1000 Merck

1.06404.1000 Merck

1.06498.1000 Merck

00222478 NEB

2053079 Gibco

F518L Thermo Scientific
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Phusion Polymerase

Sacl

Silver nitrate

Sodium carbonate

Sodium dodecyl sulfate (SDS)

Sorbitol

Taq DNA Ligase

TCA (Trichloroacetic acid)

TEMED

Tris base

Trypsin

Tryptone

Xbal

Xylan

Yeast extract

Yeast Nitrogen Base

1 kb ladder

Protein ladder

F-530 M0O530S NEB

R606A Promega

131459.1608 PanReac

1.06392.1000 Merck

428015 Calbiochem

56755 Calbiochem

M0208S NEB

131067.1611 Panreac

A1148 PanReac

BM 2000 Winkler

15400054 Gibco

211705 Difco

00205486 Thermofisher

P-XYLNBE-10G Megazyme

212750 Difco

239210 Difco

N3232S NEB

26616 Thermo Scientific
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7.2 Primer

Primers were ordered from Integrated DNA Technologies, Inc.

Table 8: List of used primers

Name Sequence
a-forward TACTATTGCCAGCATTGCTGC
AOX-reverse GCAAATGGCATTCTGACATCC

7.3 Plasmids

Plasmids were ordered from Integrated DNA Technologies, Inc.

7.3.1 pPIC9K-subtilisin

Zral, Aatll Eco53kI, Sacl,Pmel
Scal BlpI

1002 -

<] AmpR_promote,.
¢ aeR L AOKT e

e “Progy:-.

__,{@&i Qe

Peil
BspQI,+1

+2

+2
SacIl
+2
Agel

pPIC9K-Subtilisin
10485 bp

BtgZl
FspAI

SphI Xbal

Bsu36I
Sgral Hpal
Alol
PspxI
Smal
¥mal —
TspMI
Ajul,AsiSI

BbvCI
BsrGl Ncol
BspEI
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7.3.2 pPIC9K-trypsin

Zral,Aatll AleI,Eco53kI, Sacl,Pmel
Scal BlpI
XemL
BamHI
Psil
SnaBI
EcoRI

10000
<1 npR promote,.

KflI

CspCl
AF1II
Pcil
BspQI,+1 Mrel
Ndel
+3 +2
Eagl
NotI
pPIC9K-trypsin
10326 bp +1
FSpAI
Xbal,+1
Hpal
Sphl
AloI
PspXI
Nrul
¥mal, Smal
TspMI
Ajul,AsiSI
BbvCI
BsrGI Ncol
BspEL
7.3.3 pPIC9K-xylanase
Eco53kI
Scal Sacl,Pmel,Blpl
BamHT
Psil
SnaBI
EcoRI
< AmpR Promote,
£\ ampR
E% Mlul
p RsrlI
Peil A%

Ndel,+2
PFIFI, +2

pPIC9K-Xylanase

Spht 12081 bp
Sgral

Nrul
Xmal,+1

TspMI Barl

AsiSI
Eagl
NotI

Sall
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7.4 Protein sequences

7.4.1 Subtilisin:

MKKRYINLLLTIGVFMISAFNMNAQKQEELTKISSKYNQEKLTTLKNDFKQKASLDKQNAITIAKSKGWKTRFTNKKGELLEIQK
VVNGKPIYYTTFNVAAAKSTRTNHLNNGGSLGLNLMGENMTAHVWDGGLARASHQEYDGAGGTNRFSIGDGTTALHYHSAH
VTGTIMASGVVANAKGMAPHASAVGYDWNNDTSEAINAASNGMLVYSNHSYGFATRNAQGQPQLPDYYFGGYITDSRDWDNI
MFNAPNYLMVVAAGNDGNDNSANGAPLAGNSSYDKLSGHATAKNGMVVANANDANIDVNGNLLSVTINSSSSEGPTDDYRI
KPDITGNGTSVYSTYSSSNTAYNSTTGTSMASPNVAGTLLILQQHANNVRGSFIKASTLKGIALHTADDAGSNGPDAIFGWGL
MNAKRAAVAITQNGTESKIEELTLSSRQTYQITVDADGVNDLMASISWTDRAGTATTTANSSTAVLVNDLDIRVSKNGTTYTPW
RLTGVTTNGKGDNTVDPYERVDVANASGTYTITVTHKGSLTGGSQNYSLIVTGLAGTPVVCNATIPSNLTVDESGASTATVSW
NTVAGTSYDFRYRKTGTSTWTTSAVAGTSVSLTGLSTOQTSYQTQVRSKCPNNSTSAYSSAVSETTSDVQLNYCASNGNSVA
DEYISKVVLGGINNTTGASSSGYADYTSQSTSLTKGVSSTITITPTWAGASYNEGYAVFIDYNKDGDFTDNGETVWTKIASKTK
PVSGSFTVPTSATTGATRMRVVMQYNTVPAACGTYNYGETEDYTVNITGSSADTIAPTAPTNVSASAITQTTATLSWTASTDN
VGVAGYEIFSNGTSVGTVTATSANITGLTANTSYSYTIKANDAAENTSNSSNSVSFTTLGSTLVYCSSKGNRVTYEWIDYVSFG
GMTNTTAANAGYGDFTSKTATVSKGSDNQLISAGFASTAYTEHWAVWIDFNQNGTFEESEKVTSGSSSSAANLTATISIPSSA
NTGQTRMRVSMKYNSAQTACETFSDGEVEDYTVNITNATANYTTFINTNSKNELGNESKAFDFTVYPNPVKGTVLNIHLNDAR

EVNFAITNMLGQTLKSGILTKQPIDVSTIKTGVYMLEITDGQKSVVKKFVRQ

Annotations: 1-26: signal peptide
27-96: pro-peptide
113-422: peptidase S8/S53 domain
558-646: FN3 domain

800-887: FN3 domain
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7.4.2 Trypsin

MSDKIIHLTDDSFDTDVLKADGAILVDFWAEWCGPCKMIAPILDEIADEY QGKLTVAKLNIDQNPGTAPKYGIRGIPTLLLFKNGE
VAATKVGALSKGQLKEFLDANLAGSGSGSHHHHHHDDDDKVVGGTRAAQGEFPFMVRLSMGCGGALYSSRLVLTAAHCVG
ATGTNTSITATLGTVDLQSSSRITVRSNYVYRAPGYNGSGRDWALIRLATPVTGLSTLKIANTTAYDSGTFTIAGWGAAREGGG

QQRYLLKATVPFVSDSTCNSYYGGEIPAQEICAGYAAGGVDTCQGDSGGPMFRRDASNAWVQVGIVSWGNGCARPNYPG

VYTQVSYFASSIASAAASLGG
Annotations: 1-109: thioredoxin TrxA
110-115: linker

116-121: His-tag
122-126: enterokinase recognition site

127-351: trypsin

7.4.3 Xylanase-L

MNKSIFRNTGLVTLVSLLMACGGNNKDTPVPEPIPEVVAPDTPEPEAPIAAEITNGGFEEDTAGOQTTPVGNWVEFRPTOESSAT
STIEVIESEEGVNTYQGTKAVEVNVNTLGDNPWGIEIAYEDLPITGGKNYEFSVWAKGEEGTSADFWIQTPAPDYGQLSLVKE

TLTGEWOKITLTAATAEADSLVRLAIHFSKEENINKSIYLDEFSGFILDDVPAQEIPDVQYSEVTAQSLKALAPNFENIGVAVPAGG
FGNSVIDRPEIKTIIEQHFNQLSAENIMKPTYLQPTQGEFFYDDSDELVNYAKDNSLTVHGHVFVWHSQIAPWMQSFQGDKAA
WITMMENHITQVATHFEEEGDNDTVVSWDVVNEAFMENGKYRGEKTTDDSADESVWFENIGAEFLPLAYKAARAADPDADL
YYNDYNLIWNADKLDAVIAMVNDFHNNGVPIDGIGFQSHISLNSPDISTIQAHLQKVVDIRPKIKVKITELDVRMNNEGGIPLTYL

TSERADEQKQYYYDIVKTYLETVPEDQRGGITIWGVIDEDSWLONWPEPKTEWPLLFFNDFTAKPALQGFANALKELIEVVQP
APSSELLTNGDFEAGLDSWQARGSASITLESTQAHSGNNSALVQGRTETWNGLQKDVKGLFTADKTYNVSAWVKLSDDTST

VSPDIKLTLOIEHTSTEYLELTPVTTVAAGEWVOLSGTYTHSITTOESAALLYVESSELTADFYVDDVSVTLVE

Annotations: 1-25: signal peptide
53-194: CBM22 (binding domain)
233-575: GH10 (xylanase domain)

590-722: CBM4 (binding domain)
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