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Abstract

This thesis is part of the development of a versatile toolbox of conditional suicide plasmids, each
consisting of a cassette with different characteristics that can be easily changed to adapt to different
experiments. These plasmids are designed to incorporate cassettes of genes that can be assembled
to meet specific experimental needs, consisting of a promoter system, controlled replication system,
reporter gene, antibiotic resistance gene, and gene for negative selection. They aim to enable precise
control of gene expression and can be selectively activated or removed after their purpose is fulfilled.

This thesis focuses on the part of constructing antibiotic resistance gene cassettes that can be easily
exchanged through restriction digestion and ligation. Using the plasmid pTN3 with tetracycline
resistance, developed in my previous work, new plasmids pTN4, pTN5, and pTN6 were constructed,
incorporating resistance genes for apramycin, kanamycin, and spectinomycin, respectively. This
was done to achieve versatility, allowing their use in various gram-negative bacterial strains and
serving as selectable markers. The effectiveness of gene substitution was also tested, demonstrating
high efficiency by replacing kanamycin resistance with apramycin resistance in a series of plasmids.

Various promoter systems were evaluated for their ability to regulate gene expression in Marinobac-
ter algicola. This assessment aimed to determine promoter strength and system behavior in both
induced and non-induced states in this bacteria, and compared to similar tests conducted in other
bacteria. The AraC-pBAD system proved to be the most effective, showing the highest expres-
sion of RFP, whereas other systems tested, Pm wt, Pm ML1.17, PmG5, AntR-Pant, LacI-Ptrc,
and RhaSR-pRha, were less effective, resulting in lower expression levels. This underscores the
potential for developing a flexible toolbox where promoter cassettes can be easily exchanged to ad-
apt to the different requirements of bacterial strains, with the aim of optimising gene expression.
Variations in growth rates and fluorescence intensities between induced and non-induced strains
suggested that protein production imposed a metabolic burden on the M. algicola, affecting the
growth rates.

Throughout this thesis, it was demonstrated that the versatile toolbox can be an effective way of
tailoring conditional suicide plasmids to various conditions and needs. The potential of this easily
adaptable cassette system for plasmid-based genetic modifications was highlighted.
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Sammendrag

Denne oppgaven er en del av en utvikling av en fleksibel verktøykasse for betingede selvmordsplas-
mider, hvor hvert plasmid best̊ar av kassetter av forskjellige egenskaper som enkelt kan byttes ut
for å tilpasse ulike behov. Plasmiddesignet best̊ar av flere genkassetter som kan settes sammen
for å tilpasses spesifikke eksperimentelle betingelser. Disse utskiftbare kassettene er ulike promo-
torsystem, kontrollerte replikasjonssystem, reporter-gen, antibiotikaresistensgen og gen for negativ
seleksjon. De har som m̊al å sikre presis kontroll av genuttrykk og kan selektivt aktiveres eller
fjernes etter at form̊alet er oppfylt.

I denne oppgaven fokuserers det p̊a å konstruere antibiotikaresistens-kassetter som enkelt kan byttes
ut gjennom restriksjonskutt og ligering. Med utgangspunkt i plasmidet pTN3 med tetracyklinres-
istens, utviklet i mitt tidligere arbeid, ble nye plasmider pTN4, pTN5 og pTN6 konstruert, som
innehar henholdsvis resistensgenene apramycin, kanamycin og spektinomycin. Dette ble gjort for
å ha et bredere utvalg av resistens gen i verktøykassen, slik at de kan brukes i ulike gram-negative
bakterier og fungere som selekterbare markører. Effektiviteten av gen-bytte ble ogs̊a testet, og
viste seg effektivit ved å enkelt kunne erstatte kanamycinresistens med apramycinresistens i en
serie plasmider.

Ulike promotorsystemer sin evne til å regulere genuttrykk i Marinobacter algicola ble testet og
analysert. Denne analysen hadde som m̊al å evaluere promotorstyrke og oppførsel av indusert og
ikke-indusert tilstand i bakterien. Analysen ble ogs̊a sammenlignet med lignende tester av samme
systemer gjort i andre bakterier. AraC-pBAD-systemet viste seg å være det mest effektive, med
høyest uttrykk av RFP, andre testede systemer, Pm wt, Pm ML1.17, PmG5, AntR-Pant, LacI-
Ptrc og RhaSR-pRha, var derimot mindre effektive og viste lavere uttrykksniv̊a. Dette understreker
potensialet for å utvikle en fleksibel verktøykasse hvor promotor-kassetter enkelt kan byttes ut for å
tilpasses de ulike bakteriestammenes behov, med m̊al om å optimalisere genuttrykket. Variasjoner
i vekstratene og uttrykt fluorescens intensitet mellom induserte og ikke-induserte stammer antydet
at proteinproduksjon er en metabolsk belastning for M. algicola, som da vil p̊avirker vekstratene.

Gjennom denne oppgaven ble det vist at den fleksible verktøykassen kan være en effektiv m̊ate å
tilpasse betingede selvmordsplasmider til ulike behov og forhold. Det ble fremhevet hvilke potensial
et slikt enkelt tilpasningsdyktig kassettsystem kan ha innen plasmidbaserte genetiske modifikas-
joner.

iii



Abbriviations

Am Apramycin
AmR Apramycin resistant
AMP Adenosine monophosphate
ATP Adenosine triphosphate
bp Base pair
cAMP Cyclic adenosine monophosphate
CRISPR Clustered Regularly Interspaced Short Palindromic Repeats
CRISPRa CRISPR activation
CRISPRi CRISPR interference
CRP cAMP receptor protein
DAP Diaminopimelic acid
ddNTP Di-deoxynucleotide triphosphates
DNA Deoxyribonucleic acid
DMSO Dimethyl sulfoxide
dNTP Deoxynucleotide triphosphate
dsDNA Double-stranded DNA
DSB Double-strand breaks
FI Fluorescence intensity
GMO Genetically modified organism
gRNA guide RNA
HR Homologous recombination
HDR Homology-directed repair
IPTG Isopropyl-β-D-thiogalactopyranoside
kb Kilobases
Km Kanamycin
KmR Kanamycin resistance
LA Luria agar
LB Luria broth
mRNA Messenger RNA
NHEJ Non-homologous end joining
OD Optical density
OD600 Optical density read at 600 nm
ON Overnight
Ori Origin of replication
OriT Origin of transfer
OriV Origin of vegetative replication
PCR Polymerase chain reaction
pDNA Plasmid DNA
QS Quorum sensing
RFP Red fluorescent protein
RO Reverse osmosis
RNA Ribonucleic acid
RT Room temperature
SDS Sodium dodecyl sulfate
SOC Super optimal broth
Sp Spectinomycin
SpR Spectinomycin resistance
ssDNA Single-stranded DNA
TAE Tris-acetate-EDTA
TALEN Transcription Activator-Like Effector Nucleases
Tc Tetracycline
TcR Tetracycline resistance
Tm Melting temperature
TOPO PCR Blunt-II Topoisomerase
ZFN Zinc Finger Nucleases
λH λ-DNA cut with HindIII
λP λ-DNA cut with PstI
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1 Introduction

1.1 Background and Aims

Ultimately, this thesis aims to contribute to the development of a versatile toolbox-kit of cassettes
to assemble conditional suicide plasmids for an adaptable and efficient system of plasmid based
genetic modification. These plasmids are to be derived from RK2 plasmids and designed to easily
test the different sets of standardised cassettes for gen expression, which are composed of antibiotic
resistance genes, promoter systems, trfA, and selective markers, as illustrated in Figure 1. By
providing this modular framework, researchers can efficiently swap these elements to tailor the
final plasmid to specific experimental needs.

The ability to change cassettes within the vector simplifies the process of testing different genetic
configurations, thereby hopefully accelerating research and discovery. As part of this, Wagle is
testing the trfA systems for the replication system cassettes for the toolbox[1]. Controlling the
trfA gene is essential in regulating the plasmid replication, ensuring stability and compatibility
across different bacterial hosts. Additionally, Vold[2], Haaland[3], and Wesche[4] have previously
worked on different promoter systems to assess their strength and adaptability as cassettes in the
toolbox.

Figure 1: Illustration of the different interchangeable cassettes of the conditional suicide plasmids,
which are the end-goal of the overall project. The ”R” denotes a restriction enzyme not decided,
where the substitution of genes can occur through digestion and ligation. The placeholder gene
can be replaced by any gene of interest.

As a segment of the greater initiative, this thesis aims to construct different resistance markers as
cassettes for the toolbox, allowing for the selection and maintenance of plasmid holding bacteria and
the compatibility with various gram negative bacteria. To construct these plasmids, a previously
designed tetracycline resistant (TcR) plasmid, pTN3[5], is used as backbone for the insertion of new
antibiotic resistance genes. These new plasmids, pTN4, pTN5 and pTN6, encodes apramycin (Am),
kanamycin (Km), and spectinomycin (Sp) resistance, respectively. The utility of such flexibility
is valuable for optimising gene expression and enhancing the efficiency of genetic experiments.
Following the assembly of these plasmids, previously constructed promoter systems was to be
tested in Marinobacter algicola for the purpose of investigating their strength in this species.

This thesis chose to focus on M. algicola, a gram-negative, γ-proteobacterium , as limited genetic
tools have been developed for this organism. The aim of this is to measure which systems in the
toolbox that provide the most reliable and controlled gene expression in this specific bacteria.

1



The introduction will cover the necessary background for understanding the overall project aims
and the methods used in this thesis. It will provide context on the development of the genetic
toolbox, the rationale behind the use of conditional suicide plasmids and the importance of the
different cassettes. As this thesis is a continuation of my previous project ”To be and then to
be gone: Developing generalized protocols for conditional suicide plasmids focusing on antibiotic
resistance”[5], both the introduction and method sections are based on those from my previous
work.

1.2 Genome editing in bacteria

Genome editing are techniques that precisely modifies deoxyribonucleic acid (DNA) sequences to
alter gene expressions. The application of genome editing are used across various fields, including
biotechnology, agriculture, clinical medicine, and research[6][7]. By adding, deleting, or altering
DNA within an organism’s genome, scientists can manipulate gene expression to unravel genetic
functions and their implications in complex biological processes, including disease pathogenesis[8].
This technological advancement not only exceeds in identifying therapeutic targets but also has
industrial applications, such as the engineering of microorganisms for the production of pharma-
ceuticals, biofuels, and chemicals[6]

Chemical biology provides a spectrum of approaches for genome editing through programmable
nucleases such as Zinc Finger Nuclease (ZNFs), Transcription Activator-Like Effector Nucleases
(TALENs), and CRISPR-Cas9 systems. These nucleases induce double-strand breaks (DSBs)
at specific genomic sites, leading to gene disruption or gene replacement through cellular repair
mechanisms like non-homologous end-joining (NHEJ) or homology-directed repair (HDR)[9]. Ho-
mologous recombination (HR), a natural repair mechanism, facilitates the exchange of genetic
material between similar DNA sequences, allowing the precise integration of genetic changes by
replacing a target gene with an engineered variant. This method requires the introduction of a
DNA template carrying the desired modification and is often used in combination with genome
editing technologies such as CRISPR-Cas systems[10].

1.2.1 Recombinant DNA technology

Recombinant DNA technology is a foundational method for editing and manipulating DNA, en-
abling the creation of new genetic sequences by combining DNA from different sources.

Topoisomerase cloning is a specific recombinant DNA technology that simplifies the construction of
DNA constructs by using the enzyme topoisomerase I. This enzyme cuts and ligates DNA, allowing
for rapid insertion of DNA fragments into plasmid vectors without the use of restriction enzymes
or ligases. This method offers high efficiency, seamless cloning[11], and as a method used in this
thesis will be further detailed in Section 2.9.

In addition to topoisomerase cloning, multiple other methods are used within recombinant DNA
technology. These include sequence and ligation independent cloning, Gibson assembly, seamless
ligation cloning extract, and gateway cloning, among others. These methods creates single-strand
overhangs, recombining homology arms, or amplifies inserts as mega-primers to facilitate genetic
modifications[12]. Recombinases such as RecE and RecT are involved in homologous recombination
processes in vivo, facilitating the insertion of specific DNA sequences into target genomes. Often,
specialized Escherichia coli host cells induced to express these recombinases are used, allowing for
precise and efficient genetic modifications[12].

Despite its potential, recombinant DNA technology also presents challenges, including technical
complexities in cloning and design, as well as with transformation efficiency and stability. Addi-
tionally, there is a need for stringent regulatory frameworks to manage its application safely and
responsibly[13].
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1.2.2 Homologous recombination in bacteria

Homologous recombination in bacteria is primarily a DNA repair mechanism, involving the ex-
change of genetic information between two DNA molecules or segments with similar sequences.
This process is crucial for maintaing genetic integrity and facilitating genome evolution in bac-
teria[14]. By harnessing this innate mechanism, researchers can introduce specific alterations into
the DNA of an organism to make targeted genetic modifications[15].

To use HR as a genome editing technique, a DSBs and a donor DNA molecule are introduced
into the cell. This donor template, is designed to be nearly identical to the target DNA sequence
and includes the desired modifications. The modifications could be a simple single base pair
change or the insertion of a new gene or sequence[16][17]. As illustrated in Figure 2, the donor
DNA with sequences A and B aligns with the chromosomal sequences A’ and B’, facilitating the
recombination process. Once the DSB is created, the cell’s natural DNA repair mechanisms, the
homologous recombination pathway, are recruited to repair the break. The RecA protein binds
to single-stranded DNA (ssDNA) and facilitates strand breakage, where the ssDNA pairs with
a complementary sequence in an undamaged DNA molecule. This leads to the formation of a
Holliday junction, a four-way junction where two double helices connect. It acts as a intermediat
in the prossess of DNA recombination and is then resolved to complete the repair[14]. The cell uses
the donor DNA as a template for repair, incorporating the new sequence into the genome in place
of the original sequence at the break site.

In the second step, to ensure the removal of the vector and retain only the desired genetic of
interest, a second recombination event occurs. The vector is designed to lack the ability to replicate
autonomously within the host cell, which ensures it will be lost after cell division. The integration of
a linked reporter gene within the donor sequences facilitates the identification of successfully edited
cells. These cells can then be tracked and selected based on the expression of the reporter gene,
ensuring that only cells with the desired genetic modification are used in further experiments[16].
A toxic selection system is employed. Such systems could be sacB -based where the activation by
sucrose, expresses the sacB gene to produces a toxic polymer, killing cells retaining the plasmid.
Thus, only cells that have undergone both recombination steps will survive, achieving negative
selection[16]. Understanding HR mechanisms in bacteria allows researchers to harness this process
for genome editing, enabling targeted modifications.
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Figure 2: Illustration of the two steps in HR, where firstly the gene of interest in a vector has similar
sequences, A and B, to the chromosomal sequences, A’ and B’, and is inserted by recombination. In
the second step, the vector is removed through another recombination event. The released plasmid
which lacks the ability to replicate, is lost by the cell. The illustration is inspired by a figure from
Holm[18]

In summary, HR facilitates the exchange of DNA segments between two molecules across regions
of identical sequences, thereby enabling precise genetic interventions such as the replacement,
insertion, deletion, or modification of specific genes or genetic elements[16].

1.2.3 Clustered Regularly Interspaced Short Palindromic Repeats

Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR) technology is derived from
prokaryotic immune defense system, utilising guide RNA (gRNA) to direct the Cas9 protein to
specific DNA sequences, creating DSBs at these locations[7]. In natural settings, this mechanism
allows for the destruction of invasive DNA fragments. In research and clinical applications, these
DSBs are used for genome editing where they can be repaired by NHEJ, which can result in inser-
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tions or deletions, or by HDR, a method that enables precise genetic modifications by incorporating
a donor DNA sequence to replace or alter the original nucleotide sequence[19]. The advantages of
CRISPR/Cas9 include its high success rate, efficiency, and that the guide RNA is relatively easy
to design and can be quickly synthesized. However, challenges include achieving high HDR rates
and off-target effects, where Cas9 may bind to and cut unintended parts of the genome, potentially
leading to unwanted mutations or chromosomal rearrangements[19].

CRISPR interference (CRISPRi) is another technique, derived from CRISPR, that uses the CR-
ISPR system to inhibit the expression of specific genes. It consists of a deactivated Cas9 protein,
which cannot digest DNA but is still directed to specific DNA sequences by a gRNA. When deac-
tivated Cas9 is targeted to a gene promoter region by a gRNA, it interferes with the transcription
of that gene, leading to inhibited/suppresed gene expression[20]. This method allows for reversible
and specific regulation of gene expression without altering the original DNA sequence, and has been
used in various organisms, including bacteria, fungi, and other pathogens[20], and is illustrated in
Figure 3.

In addition, CRISPR activation (CRISPRa) represents another application of the CRISPR-Cas
system, focusing on gene activation rather than repression or editing. CRISPRa utilizes a nuclease-
deactivated Cas protein that is fused to transcriptional activators, which can be directed to specific
gene regions by a guide RNA. This approach facilitates the targeted activation of genes, enabling
gene identification and expression optimization. CRISPRa also has the ability of targeting multiple
genes simultaneously, and is suitable for temporary gene activation[21]

Figure 3: Illustration of CRISPR-derived editing tools, using DNA deamination to introduce pre-
cise point mutations. CRISPRi suppressing gene expression by inhibiting transcription, while
CRISPRa enhances gene expression by recruiting transcriptional machanism to specific sites. Fig-
ure copied from Nishida and Kondo[21].

1.2.4 Zinc Finger Nucleases

Zinc Finger Nucleases combine zinc finger DNA-binding domains with a FokI nuclease cleavage
domain, tailored to recognize specific DNA triplets, thereby achieving high specificity in targeting
DNA sequences for gene corrections and knockouts. With this technology, HR can be enhanced,
facilitating gene targeting and editing with efficiencies up to 29%, which is vital for applications
ranging from basic research to clinical gene therapy[22][23]. ZFNs offer adaptability across various
cell types and organisms due to their design flexibility, which allows for precise retargeting and
optimization[24].However, the precision engineering is a considerable challenge, where the design
must accurately avoid off-target effects[25]. Moreover, developing efficient delivery methods is
crucial to unlock their full potential[23].
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1.2.5 Transcription activator-like effector nucleases

Transcription Activator-Like Effector Nucleases, which fuse a TAL effector DNA-binding domain
with the FokI nuclease domain, achieve targeted DNA cleavage through the specifity of TAl effect-
ors from Xanthomonas bacteria[9]. TAL effectors, contain a central repeat region where each repeat
correlates with a specific DNA base, enabling targeted DNA sequence recognition, triggering cellu-
lar repair processes such as NHEJ or HDR for gene editing[26]. TALENs offer high specificity and
versatility with customised DNA-binding domains that enhance targeting accuracy and minimise
off-target effects, and are effective across a broad range of organisms. However, designing TALENs
is complex and labour-intensive because each repeat unit must match a specific DNA base, making
them time-consuming to construct. Although they generally reduce off-target cleavage, they are
not risk-free and efficiently delivering TALENs into target cells poses challenges[26].

1.3 Plasmid vectors

Plasmid vectors are extrachromosomal DNA molecules capable of autonomous replication within
their host due to their inclusion of origins of replication (Ori). They may serve as foundational
components for a wide range of genetic engineering applications. Plasmids naturally facilitate the
transfer of genetic material between cells via mechanisms such as conjugation or transformation,
thereby enhancing horizontal gene transfer across various bacterial species[27][28].

An important aspect of plasmid vectors is their ability to carry additional genetic elements that
confer different functionalities to the host bacteria. These functionalities include mechanisms
for copy number control, multimer resolution, active partitioning systems, and post-segregational
killing. The ability to regulate their own copy number is particularly valuable for controlled gene
expression and stability within the host[27].

For effective gene delivery and expression, plasmid DNA (pDNA) must be produced in a stable
and pure form. The design and production of pDNA vectors is therefore focused on optimizing
these properties to increase, enhancing the efficiency of gene transfer techniques[29]. Essential
components of plasmid vectors include selection markers, commonly antibiotic resistance genes,
which facilitates the maintenance and identification of transformed cells. Additionally, these vectors
contain specific promoters and regulatory elements that control the expression of target genes[30].

Plasmids often exhibit instability in host cells, leading to the loss or deletion of cloned genes,
resulting in the disappearance of phenotypic expressions. This instability can be influenced by
several factors. One significant factor is the host cell’s growth rate, as rapidly dividing cells might
not replicate the pDNA as efficiently, resulting in plasmid loss over time. Genetic characteristics
of the host can influence the stability by for example mutations in replication or repair genes, or
factors like environmental stress with change in temperature, pH or nutrient availability can stress
the host cell affecting their ability to maintain plasmids[28].

Additionally, plasmids may encounter barriers like nuclease activity that can degrade foreign DNA,
such as plasmids, reducing their stability. Plasmids also face challenges related to replication
control, transcription, translation, which can reduce expression of the genes carried by the plasmid.
Other cellular processes, such as distrubution of plasmid DNA during cell divison, can also impact
their stability and effectiveness as vectors for gene expression[28].

1.3.1 RK2 based vectors

The RK2 plasmid, with a size of approximately 60 kilobases (kb), demonstrates the ability to
replicate within a wide range of bacterial species, facilitating the use of a consistent vector system
across different bacterial hosts[31]. RK2 acts as a vehicle for the transfer of genetic material, such
as antibiotic resistance genes, between bacterial cells, accomplished through conjugation[32].

The essential replicative component of the RK2 plasmid includes a gene encoding the trans-acting
replication protein, TrfA. This protein binds to the iteron-containing, cis-acting Origin of Vegetat-
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ive Replication (OriV), which together are sufficient to support replication across various bacterial
species[32][33][34].

During conjugation, RK2 facilitates the transfer of its genetic material from a donor cell to a
recipient cell. This transfer is supported by a suite of plasmid-encoded genes that produce the
proteins necessary for establishing and conducting the conjugation process. Initially, a mating pair
is formed between the donor and recipient cells, followed by the transfer of the plasmid DNA via
a specialized structure known as the pilus[35].

To ensure its stability within the host cells and effective segregation during cell division, the
RK2 plasmid incorporates a partition gene, integral to its partitioning system. This system,
organized around a central control region, contains elements encoding proteins and a centromere-
like DNA site. One of the proteins binds the centromere-like site, thereby linking the plasmid to a
partitioning ATPase that energizes the plasmid’s movement during cell division. This partitioning
system ensures that each daughter cell receives a copy of the plasmid, thus maintaining plasmid
stability across generations[36].

Upon entry into the recipient cell, RK2 can independently replicate using its own replication
machinery, separate from the host’s chromosomal DNA. This autonomous replication capability
ensures that RK2 can be maintained and passed on to subsequent generations of cells[33][34].

The RK2-based vectors are relatively small in size and are designed to include the minimal replicon
of RK2, consisting of oriV and trfA. They feature multiple cloning sites and have the ability to
modify copy numbers by mutations in the trfA gene, which is essential for the replication of RK2.
These modifications make RK2 vectors useful for studying the expression of different genes in a
variety of gram-negative bacteria, and some gram-positive[37].

1.3.2 Conditional suicide plasmids

There exists key differences between suicide plasmids and conditional suicide plasmids in terms
of their function and purposes. Suicide plasmids do not replicate in specific host bacteria, func-
tioning as one-time-use tools in genetic engineering[38]. In contrast, conditional suicide plasmids
are designed for controlled gene expression, regulation, or conditional gene knockout under specific
conditions[39]. Their replication or dormancy is dictated by the presence of inducers or repressors,
granting precise control over genetic experiments.

An innovation in plasmid vector technology involves the manipulation of plasmid replication dy-
namics through inducible regulatory systems. This approach utilises inducible promoters, such
as the Pm promoter, linked with specific inducer molecules to modulate plasmid replication in
response to environmental cues. The integration of an inducible promoter to control the trfA gene,
which is critical for plasmid replication, exemplifies this method[31]. Activation of the trfA gene
by the Pm promoter in the presence of an inducer results in the synthesis of the TrfA protein,
thereby initiating replication and increasing plasmid copy number. Conversely, in the absence of
the inducer, the promoter remains inactive, which suppresses TrfA expression and consequently
reduces plasmid replication[31].

Temperature-sensitive elements can also be used in conditional suicide plasmids to control plas-
mid stability and gene expression. By incorporating temperature-sensitive replication proteins or
regulatory elements, these plasmids remain stable at lower, permissive temperatures and becomes
unstable at higher, non-permissive temperatures. This characteristic can lead to the their elimin-
ation from the cell population, and allows for temporal control over the absence or presence of the
plasmid within the host. Temperature shifts can therefore be used strategically to induce plasmid
loss or to activate lethal genes, enhancing the versatility and control in genetic engineering[40].

Conditional suicide plasmids are constructed by controlling the expression of a replication protein
to levels insufficient for each daughter cell to always inherit a copy of the plasmid. This is achieved
by using a dual control system with specific promoters to regulate the expression of the replication
protein. The plasmid is designed to be stable when induced and unstable when uninduced, leading
to its elimination from the cell population. This approach allows for the selection of recombinants

7



while simultaneously ensuring the loss of the plasmid. The construction of these plasmids involve
steps of selection of suitable promoters, testing of promoter strengths, and the incorporation of a
conditional replication system[41].

In the realm of genetic engineering, an alternative method designs the conditional suicide plasmids
to self-destruct within the host cell after performing a specific function, such as facilitating site-
specific mutagenesis, enabling gene knockout experiments, or deliver Cas9. These plasmids are
equipped with a counter-selection marker, which could be a toxic gene or one that requires specific
growth conditions. This feature allows for the identification of cells that have successfully shed the
plasmid, and their conditional nature ensures precise control over genetic alterations[41].

Conditional suicide plasmids enable the separation of plasmid transfer from the recombination
process, increasing the number of transconjugants compared to those produced with non-replicating
plasmids. The replication of these plasmids within a host is controlled by the introduction of
specific external inducers, aligning the conjugation process with conditions conducive to plasmid
replication[41]. This temporal separation between gene transfer and recombination significantly
improves the efficiency of site-specific mutagenesis.

Conditional suicide plasmids are usful as they offer a higher number of transconjugants compared
to non-replicating plasmids, facilitating homologous recombination. These plasmids, can serve as
vectors for delivering transposons or genome-editing systems such as the CRISPR-Cas system,
making them valuable for synthetic evolution where specific genetic characteristics are introduced,
modified, or removed[41]. Since conditional suicide plasmids are lost at a high frequency when not
selected for, their gene expression is time limited. This characteristic allows for controlled removal
of the plasmid after it has served its purpose, facilitating experiments that require temporary
genetic modifications[41].

1.4 Selection markers in genetic engineering

Selection markers are indispensable tools in genetic engineering, facilitating the identification of
cells that have successfully incorporated foreign DNA. These markers typically include genes that
confer resistance to antibiotics, produce visible color changes in cells, or satisfy specific nutritional
requirements. The incorporation of a selectable marker gene allows for the differentiation of trans-
formed cells by their ability to prosper in environments containing selective agents, which inhibit
or eliminate non-transformed cells[42][5].

1.4.1 Antibiotic resistance as a selective marker

In genetic experiments, genes that confer resistance to antibiotics are commonly used as selective
markers. These genes, when co-introduced with desired genetic material into host cells, enable the
cells to grow in media containing specific antibiotics. As a result, only cells that have obtained the
antibiotic resistance gene will proliferate, whereas those that have failed to incorporate this gene
will be eliminated by the antibiotic. This selective pressure facilitates the isolation and analysis of
genetically modified cells[43][44].

1.4.2 Toxic gene for negative selection

sacB
The sacB gene encodes levansucrase, which converts sucrose into levan, a polymer toxic to most
bacteria. This characteristic makes sucrose a negative selection marker, as it causes cell death or
growth inhibition in bacteria harboring the sacB gene. Employed in suicide vectors for genetic
editing, sacB provides dual-negative selection. Following a single-crossover event, bacteria with
the integrated vector are positively selected, in a subsequent crossover, sacB facilitates negative
selection by promoting growth on sucrose-containing media, ensuring that only desired clones are
retained[41][45][5].
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CRISPR-based endonucleases
Endonucleases, such as CRISPR-Cas9, may be used as selective markers in bacteria by inducing
targeted double strand breaks at specific locations. When Cas9 is directed to cleave an essential
gene or a gene of antibiotic resistance, the resulting DSBs can lead to cell death if not properly
repaired. Cells that maintain an intact essential gene will survive, whereas those with successful
CRISPR-induced disruptions will not, ensuring that only bacteria lacking the targeted gene are
eliminated[46].

The CRISPR-Cas9 system might be designed to target a plasmid encoding both a toxin gene and
an antibiotic resistance gene. When Cas9 cleaves the plasmid at the resistance gene, cells that lose
the plasmid due to failed repair are eliminated by the toxin, allowing only successfully edited cells
to proliferate. This selective pressure enhances the efficiency of genetic modifications by ensuring
that only the desired genetic changes survive in the bacteria[46].

Homing endonucleases
Homing endonucleases are site-specific enzymes that facilitate the movement of specific DNA se-
quences, such as introns, between similar genomic locations. These enzymes function by recognizing
and binding to specific target sites within a host gene and creating a double-strand break. This
initiates a homing process, where the intermediate sequence is transferred and subsequently duplic-
ated within the recipient allele of the host genome. This mechanism ensures the amplification of
the intermediate sequence and maintains high fidelity by minimising off-target cleavage within the
host genome[47]. The homing endonucleases are encoded by open reading frames within these mo-
bile genetic elements and are able at cleaving closely related variants of their target sites, providing
a flexible yet precise recognition mechanism[47].

These enzymes can be effectively used as negative selection markers by utilizing their ability to
catalyse DSBs, which activates the cell’s own repair machinery and increases the frequency of ho-
mologous recombination at the targeted site. When homing endonucleases like I-SceI are employed
alongside a survival mechanism, they can be instrumental in selecting cells that exhibit the desired
genetic alterations. For instance, in a system where the expression of a toxic protein is coupled
with the expression of a homing endonuclease, only cells that successfully express the endonuclease
and thus cleave the plasmid encoding the toxin will survive. This selective pressure ensures that
only cells with active homing endonuclease capabilities survive[48].

Homing endonucleases like I-SceI enhance genetic modifications by creating targeted DSBs, which
facilitate homologous recombination. The study by Cianfanelli et al. demonstrated the use of
I-SceI in a dual-negative selection system to improve the efficiency of suicide vector resolution in
bacterial genomes. By combining I-SceI with the sacB gene, which confers sucrose sensitivity,
they achieved effective counter-selection of unwanted recombinants, increasing the yield of desired
genetic modifications. This method suggested effective generation of deletions, insertions, and
point mutations in various bacteria, including multidrug-resistant strains, showing the versatility
of homing endonucleases[45]. However, their requirement for specific recognition sequences can limit
their application in some genomes, requiring the construction of modified variants with broader or
altered characteristics to expand their use in genome engineering[45].

1.4.3 Selection using colour, lacZ, udiA, and fluorescent protein

Selection using colour, colourimetric markers, in plasmids are to visually identify the genetically
modified cells. These markers facilitate the differentiation of colonies based on a color change.
The gene responsible for the colour change produces the colour when expressed, while insertions
or deletions in the sequence result in the absence of colour[49].

The lacZ gene, encoding β-galactosidase, plays a role in lactose metabolism by breaking it down
into glucose and galactose. In genetic engineering, lacZ is also utilized as a selective marker since
it can hydrolyze the substrate X-gal (5-bromo-4-chloro-3-indolyl-β-D-galactopyranoside). X-gal is
colorless, but its cleavage by β-galactosidase produces a blue product, enabling visual identification
of cells containing an active lacZ gene on indicator plates[50][51].

Similarly, the udiA gene encodes β-glucuronidase, which is capable of cleaving the colorless sub-
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strate 4-methylumbelliferyl-β-D-glucuronide into the blue-fluorescent product 4-methylumbelliferone,
which is visible under ultraviolet light[52].

Additionally, fluorescent proteins, like mCherry, serves as a robust tool for cellular studies. This
red fluorescent protein (RFP), used as a marker for cellular localization, emits red fluorescence
when excited by a specific wavelength of light, 558 nm and 583 nm. The emitted fluorescence can
be visualized and quantified through microscopy or a plate reader, allowing researchers to track the
localization of specific proteins within cells and to monitor changes in fluorescence intensity. As
a colorimetric marker, mCherry offers a sensitive, specific, and non-invasive technique to observe
and quantify biological processes, enhancing the understanding of cellular dynamics[53].

The use of these markers offers several advantages, including the quick visual screening process
of identifying colonies with the desired genetic modifications, high throughput for analyzing large
numbers of colonies simultaneously, and being non-invasive. However, the technique can produce
false positives or negatives due to incomplete digestion or small in-frame inserts, leading to incorrect
identification.

1.5 Promoter systems and regulation used in this work

The promoter system is fundamental to understanding how genes are regulated and expressed
within an organism. Promoters are specific DNA sequences located upstream of a gene, providing
essential binding sites for the RNA polymerase. In prokaryotes, RNA polymerase binds to the
promoter, repressors bind to the operator, and activators bind to the activator binding site. This
assembly initiates transcription, setting the stage for gene expression[54].

Adjusting a promoter’s characteristics can enhance control over gene expression, making it in-
ducible or repressible based on external conditions. Alterations can also adjust the promoter’s
strength to either increase or decrease expression levels, which is essential for applications needing
high protein production or reduced metabolic burden[55]. Moreover, enhancing the compatibility
of gene expression systems with various host organisms broadens the applicability of genetic tools
across different biological systems. This can ensure more reliable gene expression, which is essential
for consistent phenotypic outcomes in genetically modified organisms.

Alternatively, testing different promoter systems provides insights into their structural profiles and
characteristics. This approach helps in investigating the role of promoter DNA properties in tran-
scription, thereby revealing the gene expression characteristics associated with specific promoters.
It allows for comparisons of structural profiles across different prokaryotic species, enabling a better
understanding of how these promoters function in various genetic contexts[56].

The advantages of testing different promoter systems including the insights into the behaviour
of downstream genes, is to improve the accuracy of promoter prediction tools and provide new
perspectives for future research on uncharacterised functional elements prokaryotes[56]. However,
there are disadvantages such as the potential bias of promoter prediction tools, based on sigma
factor recognition or gene expression classes. In addition, it can be challenging to cover all the
parts of the genome when testing promoters, which might reduce the effectiveness of the test.
Furthermore, different experimental methods used to find transcription start sites can give varying
results, affecting the reliability and accuracy of the results[56].

An example of gene regulation in bacteria is quorum sensing, which is a regulatory mechanism that
allows bacteria to coordinate gene expression in response to cell-population density[57]. This ensures
that certain genes are expressed only when it is beneficial for the bacterial community.Examining
the quorum sensing reveals the dynamic nature of bacterial gene regulation and underlines the
importance of promoter systems in facilitating complex interactions within bacterial populations.
By studying these systems, we gain insights into bacterial communication and behavior[57].

Choosing the best expression system depends on specific needs, such as the importance of tran-
scription level, protein functionality, host flexibility, and control precision[58].
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1.5.1 Pconstitutive promoter system

Constitutive promoters are always active and continuously drive the expression of their downstream
genes without the need of specific inducers or repressors[54]. They rely on the availability of RNA
polymerase and its interaction with promoter-specific parameters, such as maximum promoter
activity (Vmax) and the RNA polymerase concentration required to reach half of the maximum
activity (Km). It is a system where gene expression depends significantly on the cellular concen-
tration of RNA polymerase, which varies according to the cell’s growth rate and environmental
conditions[59]. This results in generally steady and predictable levels of gene expression, essential
for maintaining basic cellular functions and applications requiring constant protein production.

In this thesis, a specific constitutive promoter, Pconstitutive, was used. This promoter is a strong
synthetic promoter derived from the gram-positive bacterium Streptomyces lividans TK24, de-
signed to drive high levels of gene expression constitutively. Despite the promoter originally was
selected for gram-positive bacteria, previous studies have confirmed its expression in Pseudomonas
fluorescens [3] and Azotobacter vinelandii [60].

1.5.2 Regulatory promoter systems

While constitutive promoters maintains constant gene expression, biological systems often require
more refined regulation mechanisms to adapt to the changing environmental conditions and cellular
needs. Regulatory promoter systems are flexibile by enabling gene expression to be turned on and
off in response to specific signals and conditions[54].

Regulatory promoters are classified based on their mechanisms of action and which signals they
respond to. For example, inducible promoters are activated by the presence of specific molecules,
which leads to gene expression only when needed. In contrast, repressible promoters are turned
off in response to specific signals, avoiding unnecessary gene expression. Additionally, there are
synthetic promoters which can be designed to respond to a different inputs, providing desired
and specialised control over gene expression[54]. In this thesis, different promoter systems were
tested, Pm, Pm ML1.17, PmG5, Ptrc, pBAD, AntR, and RhaSR, each of which is described in the
following sections.

1.5.3 XylS/Pm regulator/promoter system

The XylS/Pm promoter system is an inducible system, derived from Pseudomonas putida TOL
plasmid pWWO, consisting of the Pm promoter and the xylS regulator gene. The system regulates
the expression of genes involved in degradation of aromatic hydrocarbons[55]. This promoter system
regulates genes essential for metabolizing toluene and xylenes into simpler compounds, and is
inducible by various benzoic acid deviates. The xylS gene is transcribed from two promoters, Ps1
and Ps2, where Ps1 is σ54-dependent and inducible, while Ps2 is σ70-dependent and provides
constitutive, low-level expression of XylS[55]. Upon activation of the benzoic acid derivates, which
can enter cells by passive diffusion and operate in a dose-dependent manner providing induction
at graded levels, the XylS binds to the Pm promoter and initiates transcription[61][55].
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Figure 4: Illustration of the XylS/Pm promoter system coiped from Braustad[62]. The inducer
molecules passively diffuse into the cells, bind to, and activate XylS. This activation subsequently
enhances transcription from the Pm promoter.

The Pm ML1.17 variant is a derivative of the XylS/Pm system designed to increase recombinant
protein production, showing improvements over the wild-type[58]. A distinctive characteristic of
Pm ML1.17 is its flexibility, as it is does not require specific properties in the host cell for efficient
protein production. This feature makes Pm ML1.17 a versatile tool for a range of bacterial hosts,
as it achieves a better balance between transcriptional and translational mechanisms, resulting in
increased protein yield per transcript. The improved performance is primarily due to mutations
in the core region, which is essential for the enhanced protein production capabilities[58]. In a
comparative study conducted in E. coli, the Pm ML1.17 variant along with LacI/PT7lac, generally
produced the highest levels of functional protein[58]. While these studies were conducted in E. coli,
the design suggests it can be efficiently used in various gram-negative bacteria, as Vold confirmed
for P. fluorescens in her thesis[2].

The PmG5 promoter is a mutated derivative of the wild type XylS/Pm system in Pseudomonas
fluorescens. This promoter system was developed for incresed ability to control gene expression with
lower background activity in the absence of an inducer, compared to its wild type counterpart[63].
The PmG5 promoter operates by controlling the transcription of downstream genes, regulated by
the algC and algL genes, which are involved in the alginate biosynthesis. The promoter is inducible
by m-toluate, allowing regulation of gene expression[63].

1.5.4 LacI-Ptrc promoter system

The Ptrc promoter is a hybrid promoter derived from the lac and trp promoters, designed for
regulated gene expression in E. coli, and is illustrated in Figure 5. It was derived from the -35
region of the trp promoter and the -10 region of the lacUV5 promoter/operator. This inducible
system is activated by the inducer isopropyl-β-D-thiogalactopyranoside (IPTG). When IPTG is
present, it binds to the lac repressor protein, LacI, causing a structural alteration that prevents
the repressor from binding to the trc promoter. This release allows RNA polymerase to access
the promoter, initiating the transcription of the downstream target gene. As a result, the gene is
translated, facilitating the production of its corresponding protein[64].
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Figure 5: Illustration of the LacI-Ptcr promoter system where a) shows the system in absence
of IPTG, the LacI repressor binds to the operator, blocking RNA polymerase from transcribing
the reporter gene, resulting in no expression. b) IPTG is present, it binds to the LacI repressor
releasing it from the operator. This allows RNA polymerase to access the promoter and transcribe
the reporter gene, leading to expression of the reporter gene

1.5.5 AraC-pBAD promoter system

The pBAD promoter system regulates gene expression in E. coli by responding to the presence
of arabinose. Central to this system is the AraC protein, a dimeric regulator whose activity is
modulated by arabinose[65]. The negative and positive regulation of the AraC-pBAD system is il-
lustrated in Figure 6. In the absence of arabinose, AraC is inactive with a low DNA binding affinity,
resulting in low gene expression levels. Conversely, the presence of arabinose induces a conforma-
tional change in AraC, enhancing its DNA binding affinity and activating it. The active AraC then
binds to the pBAD promoter, significantly increasing the transcription of arabinose metabolism
genes. This control mechanism is useful for studies that require regulated gene expression, such as
those investigating metabolic pathways and recombinant protein production, allowing researchers
to accurately manipulate the timing and intensity of gene expression in bacterial cultures[65].
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Figure 6: Illustration of a) negative regulation of the arabinose operon with the AraC protein
where transcription is supressed. b) positive regulation of arabinose where the RNA polymerase
binds to the promoter and AraBAD gets transcribed.

1.5.6 AntR-Pant promoter system

The AntR-Pant promoter system used in this study originates from P. fluorescens, and plays an
essential role in regulating the anthranilate dioxygenase operon, essential for metabolizing an-
thranilate and benzoate. AntR, a transcriptional activator, binds to the Pant promoter, enhancing
the transcription of the antABC genes necessary for the break down of anthranilate[66]. Exper-
imental evidence suggests that the effectiveness of AntR is a limiting factor for the operon’s ex-
pression, as its overexpression significantly increases the Pant promoter’s activity[66]. Anthranilate
is an aromatic amine, and in addition to serving as an inducer, it is naturally used to meta-
bolise aromatic hydrocarbons. The processes converts anthranilate to catechol by anthranilate
1,2-dioxygenase, and can further enter metabolic pathways in the bacteria[66].

In Pseudomonas aeruginosa, the metabolism of anthranilate is regulated through a complex of
quorum qensing (QS) regulators, including LasR, RhlR, and QscR. These regulators influence the
expression of genes, such as antABC involved in the degradation of anthranilate, and modulate the
levels of anthranilate and its derivatives. The QS system ensures that anthranilate is metabolised
efficiently during different growth phases. This regulation is essential for both degradation of
anthranilate and bacterial communication[67]. Given the importance of anthranilate metabolism
and quorum sensing in P. aeruginosa, it is interesting to investigate how the AntR-Pant system
functions in different bacterial strains, in this study M. algicola.

1.5.7 RhaSR-pRha promoter system

The RhaSR-pRha promoter system originates from E. coli and regulates the catabolism of L-
rhamnose through an interaction of regulatory proteins and responsive elements, essential for
adapting to environmental sugar availability[68]. Central to this system is the RhaS protein, which
activates the rhaBAD operon essential for L-rhamnose breakdown. RhaS, which is a member of the
AraC family of transcription activators, binds specifically to a region within the rhaBAD promoter
downstream of position -84 relative to the transcription start point[69]. This binding is required
for initiating transcription in the presence of L-rhamnose, directly leading to the production of
enzymes involved in the catabolism of this sugar[69].

14



Catabolite repression is the regulatory mechanism that prioritises glucose as the primary source of
carbon, by inhibiting transcription pathways of less favourable sugars[70]. The pathway is mediated
by the cyclic adenosine monophosphate (cAMP) and the cAMP receptor protein (CRP). When
glucose levels are low, cAMP binds to CRP, which binds to a specific site on the rhaBAD promoter,
initiating the transcription of genes necessary for L-rhamnose metabolism[70][68]. This process is
further regulated by the presence of L-rhamnose, which causes the activation of the RhaR protein.
RhaR then induces the transcription of the rhaSR genes, leading to the accumulation of RhaS[68].
Once enough RhaS accumulates, it further enhances the transcription of the rhaBAD operon by
binding near its promoter, potentially overlapping with another inverted repeat[68].

Figure 7: This figure shows the rhaS-rhaB regulatory area along with the suggested activator
proteins and RNA polymerase, and the rhaT gene encoding the L-rhamnose transport protein.
This illustration is copied from Egan et al.[68].

This complex regulatory mechanism allows the bacteria to respond dynamically to changes in L-
rhamnose levels in the environment. RhaR and RhaS play distinct roles, where RhaR initiates the
cascade by binding upstream of rhaSR. RhaS completes the cascade by activating rhaBAD tran-
scription. Together, these activities optimises gene expression and also ensures that the pathway
is only active when L-rhamnose is available. This system demonstrates the bacteria’s ability to
regulate gene expression in response to nutritional signals[68].

1.6 Use of red fluorescent protein as reporter gene

A reporter gene is a gene that expresses an easily detectable product, that can be used to measure
the activity of a specific promoter. Such genes were first developed in early the 1980s to measure
promoter-driven transcriptional activity, allowing quantification and visualisation of gene expres-
sion by connecting the reporter gene to specific promoters and thereby detecting the activity[71].

In this thesis, the red fluorescent protein gene was used to measure promoter strength in plasmids
introduced into M. algicola. The RFP gene, initially identified as DsRed from the coral Discosoma,
has been a significant advancement in molecular biology and biotechnology due to its distinct
spectral properties[72].

The fluorescence of RFP is typically measured using techniques like fluorescence microscopy or flow
cytometry, where the intensity of the emitted light is quantitatively analyzed. This measurement
provides information regarding the expression levels of the RFP gene, the location and dynamics
of the tagged proteins, and the interactions within cells.This protein is characterized by excitation
and emission peaks at 558 nm and 583 nm, respectively. In practical applications, the fluorescence
measurement of RFP can be used to monitor gene expression, protein localization, and cellular
processes in real-time, providing a dynamic view of biological events as they unfold[72].

Enhancements and engineering of the original DsRed protein for improved performance in biological
experiments, have led to the development of variants such as mOrange, mStrawberry, and mCherry.
Of these, mCherry has emerged as the most widely used. Notably, mCherry generally requires
extended time to achieve full chromophore maturation, as it undergoes two oxidation steps. A
study on the E. coli Colicin E2 system shows mCherry maturation varies between strains, from
59.4 ± 7.5 min in C strain(E2C-BZB1011) to 77.7 ± 8.5 min in R strain (E2R-BZB1011). The
maturation time correlates positively with growth rate, faster growth rates resulting in longer
maturation times[73]. The chromophore maturation is essential for its fluorescence capabilities[73].
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It is widely used for studying gene expression and protein localization, especially in challenging
environments, and is valued for its pH stability and high photostability[74][75].

Developed from progress in fluorescent protein technology, mCherry was designed to address spe-
cific scientific needs, such as improved stability, faster maturation, and reduced aggregation com-
pared to its predecessor, DsRed[74]. Another notable RFP is TurboRFP, derived from the sea
anemone Entacmaea quadricolor. This variant is a dimeric protein known for its rapid maturation
at 37°C and brightness, with excitation and emission peaks at 553 nm and 574 nm[76]. These devel-
opments underscore progress in the evolution of fluorescent proteins, broadening their applicability
across a range of research disciplines.

1.7 Marinobacter algicola

Marinobacter algicola is a gram-negative, aerobic, moderately halophilic bacterium known for its
ability to degrade hydrocarbons. This rod-shaped, halotolerant bacterium typically occurs as single
cells, in pairs, or as short chains. It exhibits motility via a single non-sheathed polar flagellum
and has a draft genome sequence with a DNA guanine/cytosine content of 59.2%[77]. The optimal
growth conditions for M. algicola include temperatures between 25-30°C and a NaCl concentration
ranging from 3-6%[78].

Identification of M. algicola in laboratory settings has been achieved through both phylogenetic
and phenotypic analyses. These include examining colonies grown on marine agar, determining
gram reaction and cell morphology, and conducting various biochemical tests to assess enzyme
activity and substrate utilization[78][77].

A part of the motivation of using M. algicola in this study is due to its underexplored status
compared to other bacterial strains, particularly regarding alginate production. Importantly, M.
algicola possesses an operon homologous to the alginate biosynthesis operon found in other bac-
teria[78][79]. Although the production of alginate in M. algicola remains uncertain, further investig-
ation could unravel its capabilities in alginate production and lead the way to new biotechnological
applications. Hence, further research on M. algicola shows potential for broadening our knowledge
of its biological functions and utilizing it in industrial applications. Conjugating conditional sui-
cide plasmids into M. algicola is of interest due to its potential as a source of alginate, a valuable
polysaccharide with industrial applications. This approach enables precise genetic modifications
to enhance alginate production, offering an alternative to sources like Pseudomonas sp. and Azo-
tobacter vinelandii [79].

In a previous thesis written by Instefjord[80], an attempt was made to introduce suicide plasmids
for HR into M.algicola, but it was unsuccessful. A potential reason could be too low recombina-
tion frequency. Therefore, M.algicola remains a suitable candidate for further investigation using
conditional suicide plasmids.
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2 Methods and material

The descriptions of the media, solutions, buffers, and other materials utilized are detailed in
Appendix A. Additionally, an overview of the plasmids and bacterial strains employed is provided
in Table 1 below. Many of the procedures in this thesis are refinements of those also used in my
previous work[5].

2.1 Bacterial strains and plasmids used

The previous work focused on the development of conditional suicide plasmids, with a key aspect
being the construction of a series of plasmids that confer antibiotic resistance. The pTN3 vector
was derived from pSV2 with an inserted TcR gene, and is used as a backbone vector for further
development of these plasmids in this thesis. Maps showing the compositions of each of the applied
plasmids are illustrated in Appendix F.

During the course of this thesis, a variety of bacterial strains were utilized, the details of which are
provided in Table 1. These strains, including multiple derivatives of E. coli and M. algicola, were
selected for their genetic characteristics.

Table 1: Bacterial strains used during this thesis

Strain Characteristics Tm [°C] Reference

E.coli S17.1 RP4 2-Tc::Mu-Km::Tn7 pro res mod* 37 [81]

E.coli DH5α lacZ∆M15, recA1, endA1 37 [82]

E.coli JKE201 MFDpri∆mcrA∆(mrr-hsdRMS-
mcrBC)aac(3)IV::lacIq,Dap−

37 [83]

M. algicola DG893 wild type 30 [78]

E. coli S17.1 is a suited donor strain for plasmid transfer due to its modifications with a chromo-
somally integrated RP4 plasmid, which facilitates efficient gene transfer. Additionally it lacks the
E. coli K12-specific DNA restriction system that enhances the uptake of cloned foreign DNA[81].
For plasmid transfer, the origin of transfer (oriT ) sequence is essential, as it initiates the transfer
of plasmids between bacteria. In this system, plasmids with tra genes provide the necessary mech-
anism for transferring the plasmids containing an oriT sequence to recipient bacteria. Further, λ
phage conjugation uses bacteriophage λ in the transfer of genetic material. The integration of a λ
phage into the bacterial chromosome allows for maintenance and transfer, and facilitates for gene
insertion and transposon delivery[81].

In addition to these bacterial strains, a series of plasmids were employed and developed to facilitate
the genetic manipulations required for this thesis. The specifics of these plasmids are summarized
in Table 2 below, including both provided plasmids and constructs created in this study.
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Table 2: Plasmids used during this thesis

Plasmid Characteristics Antibiotic
resistance

Reference

pCR-blunt II-TOPO pUC Ori, LacZα, ccdB KmR ThermoFisher[84]

pSV2 XylS -Pm wt KmR Vold S[2]

pSV3 RK2 based, LacI -Ptrc KmR Vold S[2]

pSV4 RK2 based,XylS -Pm ML1.17 KmR Vold S[2]

pSV5 RK2 based,AraC -pBAD KmR Vold S[2]

pSV6 RK2 based,XylS -PmG5 KmR Vold S[2]

pHH108 RK2 based, pConstitutive KmR Haaland H[3]

pAFW4 RK2 based,AntR-Pant KmR Wesche A[4]

pAFW5 RK2 based, RhaSR-pRha KmR Wesche A[4]

pTN3 Derivative of pSV2 Tc R Nærby T[5]

pTN4T Derivative of pCR-blunt II-TOPO, ccdB AmR Nærby T[5]

pTN5T Derivative of pCR-blunt II-TOPO, ccdB KmR This study
pTN6T Derivative of pCR-blunt II-TOPO, ccdB SpR Nærby T[5]

pTN4 Derivative of pTN3 AmR This study
pTN5 Derivative of pTN3 KmR This study
pTN6 Derivative of pTN3 SpR This study
pTN7 Derivative of pSV2. XylS -Pm wt, AmR This study
pTN8 Derivate of pSV3, LacI -Ptrc, AmR This study
pTN9 Derivate of pSV4, XylS -Pm ML1.17 AmR This study
pTN10 Derivate of pSV5, AraC-pBAD AmR This study
pTN11 Derivate of pSV6, XylS -PmG5 AmR This study
pTN12 Derivate of pHH106, pConstitutive AmR This study
pTN13 Derivate of pAFW4, AntR-Pant AmR This study
pTN14 Derivate of pAFW5, RhaSR pRha AmR This study

2.1.1 Storage of strains

For short-term storage of plasmids, E. coli strains harboring the desired plasmid constructs was
maintained at 4°C on Luria agar (LA) plates supplemented with the appropriate antibiotic. This
method typically preserves the bacterial cultures for a couple of weeks.

The E. coli strains containing the verified plasmids were long-term stored at -80°C in a 20%
glycerol solution. To prepare for freezing, 1 mL of cell culture, inoculated ON in Luria broth
(LB) medium, was combined with 300 µL of 60% glycerol in a cryotube. This glycerol mixture is
crucial as it lowers the freezing point and inhibits the formation of damaging ice crystals, thereby
preserving the cells’ structure, viability, and functionality[85]. To revive frozen bacterial cultures,
the bacteria were first spread onto agar plates. They were then incubated until colonies became
visible. Following this, the colonies were transferred to liquid media to continue their growth.

2.2 DNA transfer

In this study, standard bacterial cultivation procedures were employed. Bacterial strains were
grown either in liquid LB or on LA plates, depending on the specific requirements of the experi-
ment. Additionally, the appropriate antibiotics and supplements, as described in the Table 1 and 2,
were added to the media to ensure selective growth or supplementation of essential nutrients. Fur-
thermore, each strain’s optimal growth temperature, was considered to ensure favorable conditions
for bacterial growth and viability.

2.2.1 Preparation of competent E.coli

Competent cells are essential in genetic engineering because they have been treated to easily take
up foreign DNA from their environment. This ability is crucial for the transformation procedures
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involving E. coli and plasmid DNA integration, allowing the introduction and expression of new
genetic material in cells. This process enables the manipulation and study of genes, making
competent cells essential for molecular genetics, molecular cloning, and biotechnology research[86].
Due to their significant negative charge, DNA molecules cannot attach to the negatively charged
surfaces of most bacterial cells, nor can they penetrate the wall-membrane complex to enter the
cytoplasm. For successful transformation and the incorporation of heterologous DNA into bacteria,
it is essential to first make the cells competent[86]. The treatment with calcium chloride (CaCl2)
and rubidium chloride (RbCl) plays a role in transformation efficiency, where CaCl2 helps attach
DNA to the cell surface, while RbCl enhances the efficiency[87]. This is followed by a rapid thermal
shock that alters the cell membrane’s permeability, facilitating the passage of DNA into the cytosol..
Consequently, cells are induced into a state of competence, enabling them to acquire the capability
to absorb foreign DNA[88][89].

Procedure[5]

The E. coli starter culture was inoculated overnight (ON) in 10 ml Psi medium and incubated at
37°C and 225 rpm. 2 ml of the ON culture was transferred to 200 ml Psi medium and incubated
at 37°C until the optical density (OD) reached 0.40-0.45. OD was read at 600 nm (OD600), and
the culture was cooled on ice for 15 minutes.

The culture was then centrifuged at 4000 rpm (alternatively 2500 xg) for 5 minutes at 4°C, followed
by removal of supernatant. Further, the cell pellet were resuspended in 80 ml cooled transform-
ation buffer 1 (TFB) solution, and incubated for 5 minutes on ice. Centrifugation was repeated,
supernatant discarded, and the cells resuspended in 6 ml of cooled TFB2 solution. 100 µl of cells
were then distributed into pre-chilled eppendorf tubes, and briefly snap-frozen with liquid nitrogen
for 10 seconds. The competent cells were then stored at -80°C.

2.3 Transformation of DNA by heat shock

Heat shock transformation is a technique utilized to introduce foreign DNA into bacterial cells. This
process involves exposing bacterial cells to a short-term temperature elevation, followed by a rapid
cooldown. Such thermal fluctuation increases cell membrane permeability, thereby enhancing the
uptake of exogenous DNA molecules like plasmids into the bacterial cells. The transient increase
in temperature is thought to induce a temporary disruption of the cell membrane, making it
sufficiently porous for the foreign DNA to pass through. This process enables the bacteria to
acquire new genetic traits through the incorporation of the introduced material into their own
genomes or the maintenance of the DNA as an independent plasmid[90].

Procedure[5]

The competent cells were thawed on ice to prepare for the transformation process. 10 µl DNA was
gently added to 100 µl of competent cells and mixed gently without pipetting. The mixture was
then incubated on ice for an additional 30 minutes up to an hour, followed by a heat shock in a
water bath at 37°C for a period of 2 minutes. Immediately afterward, the tubes were returned to
ice for an additional 2 minute cooling period. Then 900 µL of pre-warmed super optimal broth
(SOC) medium at 37°C was added to each tube, before they were sealed tightly and agitated
horizontally at 225 rpm at 37°C for 1-2 hour. Post-incubation, 100 µL of the mixture was spread
onto one agar plate supplemented with the specific antibiotic suited for the target plasmid, while
the remaining volume was spread onto another.

Additionally, positive and negative control plates were prepared for each new batch of competent
cells. The negative control, competent cells without any added plasmid DNA, tests for the natural
resistance of the cell’s to the antibiotic, ensuring that any colonies that grow on the antibiotic
plates are due to successful transformation rather than contamination or inherent resistance of
the cells. For the positive control the competent cells were transformed with a plasmid known to
successfully confer antibiotic resistance. This control verifies the effectiveness of the transformation
protocol, including the competency of the cells and the functionality of the antibiotic in the agar
plates. The plates were then incubated overnight at 37°C for E. coli, after which colonies were
available to be selected for further analysis.
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2.3.1 Conjugation to M.algicola

Bacterial conjugation is a process of genetic material transfer between bacterial cells through
direct contact[91]. The process is divided into several stages. During the specific pair formation
stage, the donor and recipient cells come into contact and form stable unions, facilitated by pili or
cellular attachments[91]. This is followed by effective pair formation, where a cellular connection
is established between the donor and recipient cells. The next stage is chromosome mobilization,
where the circular donor chromosome or conjugal fertility factor is prepared for transfer. One
pDNA molecule is replicated during the conjugation, and one strand is transferred to the recipient
whilst the other remains in the donor[92].This occurs when a cleavage is made at the oriT on the
donor pDNA and the 5’ end of the cleaved strand is transported through the cell membrane into the
recipient[92]. Simultaneously, the uncleaved strand is replicated in the donor cell. The transferred
strand is then synthesised into a complete plasmid in the recipient cell, becoming circular again
and allowing the formation of genetic recombinants[93].

Finally, parts of the transferred donor chromosome integrates into the recipient cell’s genome,
resulting in genetic recombinants[91]. This enhances the efficiency of the transfer process and
enables manipulation of the genome.

Procedure
Conjugation was performed to transfer plasmids from the donor strain to the recipient bacteria.
In this study, the donor strain was E. coli JKE201, a bacterium that requires DAP for growth,
while the recipient strain was M. algicola.

To transfer the donor plasmids into the recipient, initial cultures were established. M. algicola
was introduced into 25 ml LB medium and incubated at 30°C. Simultaneously, E. coli JKE201,
carrying the desired plasmid, was cultured in 10 ml LB medium, supplemented with 1 mM DAP
and the respective antibiotics and incubated at 37°C ON. The following day, 500 µl of the recipient
precultures were transferred to 25 ml growth medium and incubated at 30°C for 2 hours. After
two hours, 200 µl of the JKE201 cultures were transferred to 10 ml LB medium containing DAP,
and incubated at 37°C.

Upon both cultures reaching the exponential phase around OD600 = 0.40, 3 ml of the recipient
strain was combined with 3 ml of the donor strain in sterile tubes, and centrifuged for 5 minutes at
5000-7000 rpm. The supernatant was discarded, leaving approximately 0.1 ml of liquid to resuspend
the cell pellet. These suspensions were then applied as drops onto LA plates, and incubated at
30°C ON. Following this incubation, a dilution series was prepared by scraping cell growth from the
plates and transferring it into 1 ml liquid medium. Subsequently, 100 µl of the dilutions (undiluted,
10−2, 10−4, and 10−6) were plated on LA plates with the appropriate antibiotic but without DAP,
and incubated at 30°C for 2 days.

2.4 Isolation of plasmid DNA from E. coli

In the context of cloning, it is essential to purify pDNA from the chromosomal DNA within the
cell. The foundation for modern plasmid purification was set by Birnboim and Doly in 1979 when
they introduced the alkaline lysis method, which is still widely used today due to its effective-
ness in distinguishing between plasmid and genomic DNA based on their denaturation proper-
ties[94][95]. In the current study, the plasmid DNA was isolated from E. coli using the ZR Plasmid
Miniprep-Classic kit by Zymo Research, which adopts a refined version of the original alkaline lysis
technique[84].

Alkaline lysis involves the resuspension of cells followed by the application of a lysis buffer, which
typically contains sodium dodecyl sulfate (SDS) and NaOH. The SDS acts as a surfactant, com-
promising the cell wall integrity and denaturing proteins to facilitate subsequent removal. The
elevated pH from NaOH additionally contributes to the damage of the cell wall, denaturing pro-
teins, fragmenting genomic DNA, and dissolving the hydrogen bonds in double-stranded DNA
(dsDNA)[96]. Gentle handling during this phase is crucial to prevent the genomic DNA from frac-
turing into small fragments that could potentially reanneal and contaminate the plasmid DNA.
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The process is completed by neutralizing the mixture with an acidic potassium acetate solution,
which enables the renaturation of the plasmid DNA due to its supercoiled nature, allowing it
to remain intact. The more substantial genomic DNA strands are unable to renature correctly
under these neutral conditions, resulting in their aggregation and subsequent precipitation out
of the solution. In addition, the high salt concentration in the buffer causes the precipitation of
high molecular weight RNAs and protein-SDS complexes[97]. Through this step, contaminants are
effectively segregated, yielding purified plasmid DNA suitable for downstream applications.

The column is designed to purify DNA by using gravity flow to enhance the separation process.
The column matrix consists of a silica-based membrane, that selectively binds pDNA based on its
size, type, and the volume of bacterial culture used. The binding capacity of the column depends on
plasmid copy number, type, and size[98]. The purification process involves loading the supernatant
onto the equilibrated column, allowing the DNA to bind to the silica membrane. Subsequent wash
steps remove impurities while the plasmid DNA remains bound. Finally, elution buffer is added to
release the purified plasmid DNA from the column matrix[98].

Procedure[5]

Plasmids were retrieved from individual colonies cultivated on agar plates through inoculation into
3 mL of antibiotic-supplemented growth medium. The inoculated cultures underwent overnight
orbital shaking at 37°C at 225 rpm. Following incubation, the cultures were centrifuged, the
supernatant discarded, and the resultant cell pellets subjected to plasmid extraction using the EZ
Plasmid Miniprep-Classic kit from Zymo Research[84][98].

The purification commenced with the resuspension of cell pellets in 200 µL of P1 Buffer. Lysis
was achieved by adding 200 µL of P2 Buffer and inverting the tubes 2-4 times, resulting in a clear,
purple, and viscous lysate. Subsequent neutralization was indicated by the addition of 400 µL
P3 Buffer and a color transition to yellow. The neutralized lysate was then incubated at room
temperature (RT) for 2 minutes[84][98].

The neutralized lysate was transferred to a Zymo-Spin™ IIN column for purification. After a
centrifugation step, the flow-through was eliminated. The column received 200 µL of Endo-Wash
Buffer, centrifuged, followed by the addition of 400 µL of Plasmid Wash Buffer and another cent-
rifugation[98].

Plasmid DNA was eluted by adding 50 µL of DNA Elution Buffer to the column, incubating for 1
minute at RT, and centrifuging for 1 minute to collect the DNA.

2.5 Determining the DNA concentration

The NanoDrop One Microvolume UV-Vis Spectrophotometer is a tool for quantifying DNA, RNA,
and protein concentrations, utilizing just 1–2 µL of sample to provide results without requiring
dilutions. The instrument uses UV-Vis technology, where UV light is directed through a small
volume of sample placed on a measurement pedestal. By analyzing the absorbance of UV light at
specific wavelengths, the concentration of DNA in the sample is accurately calculated using the
Beer-Lambert Equation 1. The concentration of DNA, denoted as C and measured in molarity
(M), can be calculated using the UV absorbance, represented as A in absorbance units (AU),
the wavelength-dependent molar absorptivity coefficient, denoted as ϵ (M−1 cm−1), and the light
path length, L, measured in centimeters (cm). For double-stranded DNA, the molar absorptivity
coefficient ϵ is 50,000 M−1 cm−1[99].

C =
A

ϵL
(1)

This NanoDrop One is equipped with Thermo Scientific™Acclaro™Sample Intelligence technology,
enhancing the user’s ability to assess sample quality comprehensively before proceeding with down-
stream applications. Acclaro technology incorporates features embedded sensor and digital image
analysis to maintain measurement integrity. It provides instant feedback on sample quality, which
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is critical for making informed decisions regarding sample suitability. Additionally, the presence
of RNA in the sample will also contribute in the evaluation[99].

Procedure
The concentration of dsDNA was quantified using the NanoDrop One Spectrophotometer. Initially,
the instrument’s pedestal was cleansed with 2 µL of distilled water. Subsequently, 1 µL of Zymo
DNA Elution Buffer was employed to establish the blank reference. Following this, 1 µL of the
dsDNA sample was applied to the pedestal, and spectral analysis was performed. Upon completion
of the measurements, the instrument was cleansed with distilled water to remove any residual
sample.

2.6 Enzymatic digestion of DNA by restriction endonucleases

Restriction endonucleases have emerged as fundamental tools in genetic engineering due to their
ability to precisely cleave DNA at specific sequences. These enzymes utilize a recognition mechan-
ism to identify specific 4-8 base pair palindromic sequences, which may be continuous or interrupted
by nucleotides[100]. Type II restriction endonucleases typically function as homodimers and require
magnesium ions as cofactors for activity. They bind non-specifically to the DNA backbone initially,
with facilitated diffusion aiding the search for their specific target sites. Once bound, the enzyme-
DNA interaction triggers significant conformational changes, enabling the catalytic sites to cleave
the DNA, producing fragments with 3’-hydroxyl and 5’-phosphate ends, as illustrated in Figure 8.
These fragments can have blunt or sticky ends, influencing subsequent cloning applications. This
specificity not only aids in cloning but also in the verification of plasmid sequences, ensuring the
fidelity of genetic manipulations[96][100].

Figure 8: Illustration of EcoRI, a type II restriction enzyme, binding to and cleaving its specific
recognition sequence (GAATTC) on a dsDNA. Resulting in the formation of two DNA fragments
with complementary overhanging ends.

Procedure
For conducting restriction enzyme digestions, the selection of appropriate enzymes was facilitated
by Benchling[101]. The standard reaction setup involved mixing 150-200 ng of DNA with 2 µL of
an appropriate buffer, either 10X NEB Buffers 3.1 or CutSmart. An additional 0.5 µL of enzyme
and sufficient reverse osmosis (RO) water were added to achieve a total volume of 19.5 µL. The
mixture was then incubated at 37°C for at least 1 hour. Post-incubation, these mixtures could
either be stored at -20°C or immediately analyzed by gel electrophoresis for the assessment of
cleavage efficiency.

2.7 Separation of DNA fragments by gel electrophoresis

Gel electrophoresis is a method used to separate DNA fragments by the size of the molecules, and is
frequently used to analyse DNA following a polymerase chain reaction (PCR) or restriction enzyme
reaction. This method leverages the molecular filtering properties of agarose gels, which, based on
their pore sizes, allows effective separation of DNA fragments varying in size from 100 base pairs
(bp) to 25 kb[102]. The separation process is facilitated by Tris-acetate-EDTA (TAE) buffer, of
40 mM Tris-acetate and 1 mM EDTA, which provides essential ions and maintains a stable pH
throughout electrophoresis. EDTA binds to and removes cations that otherwise could activate
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nucleases and interfere with the separation process. This creates an optimal environment for
DNA fragment separation within the electric field constructed between a positive and a negative
electrode. Due to the negatively charged phosphate backbone of DNA molecules, they migrate
towards the positive electrode[102][103]. The separation of DNA fragments is influenced by multiple
factors, critical among them being the molecular weight and conformation of the DNA, as well as the
composition and operational parameters of the electrophoresis setup. For size-based separation,
samples are introduced into a gel matrix composed of cross-linked polymers. There exists an
inverse relationship between the distance a DNA molecule travels through the gel and its molecular
weight. Smaller molecules navigate through the gel more swiftly, while larger fragments display
less mobility and progress more slowly, hindered by the gel’s pores[96]. Additionally, the DNA
conformation affects its migration rate, for instance negatively supercoiled E. coli plasmid DNA
navigates through the gel more readily compared to its nicked or linearized counterparts, with the
nicked exhibiting a decreased migration rate and the linearized showing an intermediate rate[96]

Operational factors such as the applied voltage, the buffer composition, and the use of DNA stains
further influence the migration rate. In this thesis, GelGreen was selected over traditional stains
like ethidium bromide (EtBr) for its safety and compatibility with blue light visualization, reducing
the risk of UV-induced DNA damage and avoiding the toxicity associated with EtBr[102][103][5].

Procedure[5]

The agarose gel, composed of TAE, 0.8% agarose and GelGreen, was poured into a gel tray con-
taining the required number of wells. The mixture was then left to solidify at RT for a minimum
of 15 minutes. The comb was removed, and the gel put in an electrophoresis chamber covered with
TAE buffer.

Samples consisting of 1 µl 10X purple Loading Dye, as DNA usually is colourless, 5 µl of autoclaved
deionized water and 5 µl of isolated DNA were prepared. The standard samples were prepared
similarly, but with only 3 µl of the standard DNA solution. The samples were then loaded into
each well. The standards used in this study was either λ-DNA cut with PstI (λP) or HindIII
(λH) restriction enzymes, which are shown in Appendix B. The standards were used as reference
fragments of known sizes to confirm the unknown DNA-fragments. All samples and standards were
then carefully loaded into the wells of the gel.

Electrophoresis was conducted using the BioRad PowerPac Basic Power Supply was programmed to
a voltage of 100 V, current of 400 MA, and a run-time of 40-60 minutes. Following the completion,
the gel was gently transferred for imaging under blue light[104].

The Molecular Imager ChemiDocTMXRS+ (Bio-Rad) was then used to visualize the fragments.
The machine utilised blue light to excite the GelGreen dye. Upon exposure to blue light, the
GelGreen-DNA complex fluoresced, enabling identification and visualisation of DNA fragments
separated by the electrophoresis. The ChemiDocTMXRS+ system captured images of the fluor-
escent DNA bands, which were analysed by using the Image Lab 6.0.1 software. When needed,
bands of interest were extracted from the agarose gel, and purified[104].

2.8 Ligation of DNA fragments

DNA ligases forms the phosphodiester bond between DNA fragments, and ligation enzymes utilize
replication, repair, and recombination processes. To form bonds between the ”juxtaposed” free
5’ phosphate end and the 3’ hydroxyl ends of DNA fragments, energy is supplied by NAD+ in
bacteria and by adenosine triphosphate (ATP) in animals and bacteriophages[96]. In this thesis,
the ATP-dependent T4 DNA ligase was used for both sticky and blunt ends, even though it ligates
sticky ends more efficiently. Figure 9 illustrates the ligation process in the three steps of enzyme
adenyl, transfer of adenosine monophosphate (AMP) and the formation of the phosphodiester bond.
Hydrolysis of pyrophosphate supplies the energy needed to drive the reaction, where ATP forms a
bond with a lysine residue in the enzyme’s active site, constructing an enzyme-AMP intermediate
which activates the 5’-phosphate end. Further, the 3’-hydroxyl end acts as a nucleophile and
releases AMP as the phosphodiester bond is formed between the two ends[105][106].
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Figure 9: Illustration of sequential steps of DNA ligation by T4 DNA Ligase. Step 1 showing ATP
being consumed to adenylate the enzyme, preparing it for reaction. Step 2, the adenyl group is
transferred to the 5’ phosphate end of the DNA, activating it for ligation. Step 3, the activated
5’ end undergoes a nucleophilic attack on the 3’ hydroxyl end, leading to the formation of a
phosphodiester bond that seals the DNA strands.

Procedure[5]

The vector to insert was maintained at 3x molar ratio, totaling 17 µL of DNA, comprising 14 µL
of insert and 3 µL of vector. Additionally, 2 µL of NEB 10X T4 DNA Ligase Buffer and 1 µL of
NEB T4 DNA Ligase were added to the mixture, which was then incubated for 4-16 hours at 16°C.

2.9 Cloning of PCR product by TOPO isomerase I

For this thesis the Zero Blunt® TOPO® PCR Cloning Kit is employed, which is a kit designed for
simplicity and efficiency in cloning DNA sequences without the need for ligases[84]. Topoisomerase
I-mediated cloning, which facilitates the direct insertion of blunt-end PCR products into a plasmid
vector, will hereafter be referred to as TOPO cloning.

The core of TOPO cloning technology is its use of DNA topoisomerase I, an enzyme derived from
the Vaccinia virus. DNA topoisomerases are enzymes that manage DNA supercoiling by making
transient breaks in the DNA strands. These breaks allow for the adjustment of DNA tension
through strand rotation or passage, followed by religation of the DNA[107][108]. In the context of
TOPO cloning, topoisomerase I specifically recognizes and cleaves the DNA sequence 5’-CCTT-
3’[109]. This cleavage separates the DNA strand and also preserves energy by forming a covalent
bond between the enzyme’s tyrosyl residue and the 3’-phosphate of the cleaved DNA strand. This
stored energy is a subsequent steps in the cloning process[107][110].

The plasmid used in TOPO cloning are linearized PCR-Blunt II-TOPO, where topoisomerase
I is pre-attached to the 3’ ends of the vector. This process is illustrated in Figure 10. The
setup allows for the insertion of a blunt-end PCR product in either orientation relative to the
vector backbone[84]. Once the insert is positioned, the energy conserved in the topoisomerase-

24



DNA complex facilitates the insertion by enabling the enzyme to release, thereby sealing the insert
within the plasmid[110][109][84].

The vector is designed to include the lethal E. coli gene ccdB, which is attached to the C-terminus of
the LacZα fragment. This setup ensures that only E. coli cells that have successfully incorporated
the plasmid with the inserted DNA fragment will survive, eliminating the need for additional
screening techniques like blue/white screening and thus simplifying the selection process[110][109].
Furthermore, the vector contains EcoRI cut sites flanking the insertion site for easy excision of
the inserted DNA, and it carries both kanamycin and zeocin resistance genes to facilitate selection
in E. coli. M13 forward and reverse primer sites, detailed in Table 10, are included to assist in
sequencing the inserted DNA fragment[110][109][84].

Figure 10: An illustration of the pCR-Blunt II-TOPO vector used in TOPO cloning reactions
featuring the ccdB gene linked to the C-terminus of the LacZα fragment. Adjacent to the inser-
tion site are EcoRI restriction sites, facilitating easy extraction of inserted DNA. The vector also
includes kanamycin and zeocin resistance genes for antibiotic selection[111].

Procedure[5]

The TOPO Cloning reaction was prepared by combining 2 µL PCR product, 1 µL PCR-Blunt
II-TOPO vector, and 0.5 µL salt solution. The mixture was incubated at room temperature for
20-30 minutes. After incubation, the reaction mixture was either immediately cooled on ice for
transformation or stored at -20°C[84].

2.10 DNA amplification by Polymerase Chain Reaction

Polymerase Chain Reaction is an enzymatic method developed in the mid-1980s by Kary Mullis,
which is used extensively for amplifying specific DNA sequences[112]. This technique involves
cycles of heating and cooling to melt DNA and then enzymatically synthesize millions of copies
from specific sequences. PCR employs a heat-stable DNA polymerase that can withstand the high
temperatures needed for DNA strand separation. This polymerase catalyzes the formation of new
DNA strands starting from a DNA primer, which attaches to a specific target sequence on the
ssDNA[113][96].

The process leverages the natural mechanisms of DNA replication but is distinguished by its re-
petitive, cyclical nature, which exponentially amplifies the target DNA, producing large quantities
sufficient for subsequent applications.This process ensures the exponential amplification of DNA,
potentially resulting in over a billion precise copies of the target DNA segment, where each cycle
doubles the quantity of DNA as schematically represented in Figure 11.
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The introduction of Taq polymerase from the thermophilic bacterium Thermus aquaticus was
a pivotal development in PCR technology, enhancing its efficiency by allowing continuous DNA
synthesis across cycles without enzyme degradation[96]. However, for this project the Q5 high-
fidelity DNA polymerase was used, because it exhibits a lower error rate, ensuring precise DNA
amplification. Unlike Taq polymerase, Q5 includes a proofreading ability that corrects errors
during DNA synthesis and produces blunt-ended DNA, making it suitable for cloning procedures
that require blunt-ended PCR products[96].

Figure 11: A schematic representation of the polymerase chain reaction process illustrating the
sequential steps involved in amplifying a specific DNA sequence of interest over multiple cycles,
copied from NIH[114]. Starting with the initial DNA strand, primers anneal to target regions, and
DNA polymerase extends the new strands. Each cycle, consisting of denaturation, annealing, and
extension phases, doubles the number of DNA copies. This exponential amplification results in
millions of copies of the target DNA sequence, enabling further analysis and applications.

Procedure[5]

0.2 µL of the PCR reaction mixture, detailed in Appendix´A, was transferred to a 0.2 mL PCR
tube and kept on ice. The PCR procedure was carried out over 35 cycles, beginning with an
initial denaturation at 98°C for 3 minutes to separate the DNA strands. This was followed by an
annealing step at a temperature 3°C below the lowest melting temperature (Tm) of the primers
used, allowing the primers to bind to their respective complementary DNA strands. The elongation
phase then took place at 72°C, where Q5 DNA polymerase synthesized new DNA strands from the
available templates. After completing the cycles, a final elongation step was conducted at 72°C
for 2 minutes, and the samples were subsequently held at 4°C to prevent any degradation of the
newly formed DNA.

2.11 Sequencing of DNA

DNA sequencing is a technique utilized to identify the exact sequence of nucleotides in a DNA
molecule. Following procedures such as PCR and TOPO-cloning, sequencing is used for confirming
the absence of unintended mutations in the cloned DNA sequences. The method predominantly
used for such applications is the Sanger sequencing technique, named after its developer, Frederick
Sanger, who introduced this method in 1977[115].

Sanger sequencing operates on the principle of selective incorporation of chain-terminating nucle-
otides during DNA synthesis. A typical reaction setup includes a DNA template, a primer, DNA
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polymerase, and a mix of regular deoxynucleotide triphosphates (dNTPs) and specially modified
di-deoxynucleotide triphosphates (ddNTPs). These ddNTPs lack the 3’ hydroxyl group required
for forming a phosphodiester bond, thereby terminating the DNA strand extension once incorpor-
ated. Originally, the process required separate reactions for each type of radioactively labelled
ddNTP, but modern techniques employ a single reaction mixture where each ddNTP is tagged
with a distinct fluorescent dye[115][116].

The process starts with the preparation of the sequencing sample, which involves mixing purified
plasmid DNA with specific primers and a stabilizing agent, typically dimethyl sulfoxide (DMSO),
and diluting with RO water to achieve the desired volume. These prepared samples are then sub-
mitted for automated sequencing, employing the Sanger method facilitated by Eurofins Genomics
GATC through their LightRun service.

In the automated Sanger sequencing process, DNA polymerase extends from the primer, incor-
porating nucleotides that are complementary to the template strand. This includes both regular
dNTPs and the fluorescently labeled ddNTPs. The ratio of dNTPs to ddNTPs is carefully con-
trolled, typically around 100:1, to allow partial incorporation of ddNTPs and thus varying lengths
of DNA fragments[115]. Once the extension is complete, the reaction mixture contains a spectrum
of DNA fragments terminated at each position where a ddNTP was incorporated. These fragments
are then separated by capillary gel electrophoresis based on size. As they pass through a laser de-
tector, the fluorescent tags emit signals that are captured and translated into a chromatogram.
This chromatogram visually represents the sequence of bases by displaying peaks of different col-
ors corresponding to the four nucleotides[116]. The precise sequence of the DNA is determined by
analyzing the order of these peaks.

The preference for Sanger sequencing in certain applications, such as verifying single gene sequences
or examining cloned DNA inserts, underscores its reliability and precision. Despite the advent of
next-generation sequencing technologies, Sanger’s method provides a high level of accuracy and
remains a high standard for tasks requiring detailed and specific genetic analysis[117]. This approach
ensures that researchers can confidently assess and utilize the genetic information derived from their
experimental workflows, maintaining the integrity of their scientific investigations.

Figure 12: A display of a segment of the DNA sequence alignment from the Sanger sequencing file
obtained from Eurofins, aligned against the pSV2 plasmid DNA sequence in Benchling[101]. The
alignment illustrates the precise matching and mismatches of nucleotide sequences, confirming
the sequence accuracy or revealing mutations. In the alignment, each row represents a contiguous
segment of DNA, with the top row indicating the reference pSV2 DNA sequence and the bottom row
showing the sequenced sample. Discrepancies between the sequences would have been highlighted,
facilitating easy identification of any genetic variations or errors introduced during the sequencing
process.

Procedure[5]

Initially, 1.75 µL of the appropriate primer was combined with 600-750 ng of plasmid DNA, along
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with 0.75 µL of DMSO. This mixture was then diluted with RO water to achieve a final volume
of 15 µL, ensuring the correct concentrations for optimal sequencing reactions. Following the pre-
paration, the samples were sent to Eurofins Genomics GATC in eppendorf-tubes for automated
Sanger sequencing with their LightRun service. The results were subsequently interpreted employ-
ing Benchling to verify sequence accuracy and identify any potential mutations or discrepancies in
the cloned DNA segments.

2.12 Cultivation in plates for measurement of growth and fluorescent
protein expression

The investigation of cell growth and fluorescence necessitates control over environmental condi-
tions. A custom-designed labware device was utilized, tailored for compatibility with 96-well plates
and facilitating controlled lighting conditions for growth experiments. The device was designed
and manufactured by Bruder et al. using OpenSCAD, the device included LED matrix adapters
and a universal plate-holder for incubators, ensuring accurate regulation of light intensity and
duration[118].

OD600 measurements are used to assess the growth rate of microorganisms by quantifying the
turbidity, or cloudiness, of a culture, which correlates with cell density. The wavelength of 600 nm
is selected because it’s within the visible spectrum and effectively avoids the absorption peaks of
most biological molecules, thus providing measurements primarily influenced by the scattering of
light by cells[119]. In this thesis a 96-well plate with black walls and a clear bottom is used. Light
at a wavelength of 600 nm is directed through the clear bottom of the wells, and the amount of
light that passes through is measured. The black walls of the wells prevent light from entering or
exiting the sides, ensuring that measurements are not influenced by adjacent wells or external light
sources. The reduction in light intensity, due to scattering and absorption by the cells, is used to
calculate the OD600 value, which is proportional to the cell density in the well[119].

Fluorescence measurements assess the expression of fluorescent proteins, such as mCherry. In this
case, the cells are exposed to light at a specific excitation wavelength that mCherry can absorb,
leading to the emission of light at a longer wavelength, characteristic of the fluorescent protein.
For mCherry, the excitation light is typically in the red part of the spectrum, at 587 nm, and
the emitted light is measured at a slightly longer wavelength, at 610 nm[119]. The setup uses a
programmable LED matrix to provide controlled light exposure to the samples from below, through
the clear bottom. This arrangement enables precise control over the light quality, such as color,
quantity, including intensity, timing, and pulse frequency, for both the excitation and measurement
phases.

Procedure
Measurements were conducted in a CLARIOstar Plus plate reader by BMG LABTECH, with the
CLARIOstar MARS program.

Plasmids that had previously been constructed and conjugated into M. algicola was used. Each
strain was cultivated in 25 mL of LB medium supplemented with the appropriate antibiotic. They
were then incubated over a period of 12-14 hours at 30°C with agitation at 225 rpm. After the
incubation, the OD600 of the pre-cultures was measured. Then the cell cultures were then diluted
into 25 mL of fresh LB containing the appropriate antibiotic to achieve an OD600 value of 0.1.
From these diluted cultures, 150 µL was transferred to wells in a 96-well plate for measuring, as
illustrated in Figure 13.

Figure 13: Layout of a 96-well plate showing M. algicola cultures arranged in triplicate for each
condition, with and without inducers.
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To analyse the strength of the inducers, the relevant samples were measured both with and
without inducers. Anthranilate and m-toluic acid were dissolved in 96% ethanol, isopropyl-β-
D-thiogalactopyranoside (IPTG), arabinose and rhamnose were dissolved in water. These were
added to the appropriate samples in the well plate to achieve desired concentrations, as detailed
in Table 3. Each sample was cultivated in three replicate wells, with ”blank” wells containing
only LB medium placed between the different triplicates to prevent cross-contamination. OD and
fluorescence were measured each hour, or every other hour, for the first 12 hours, followed by
additional measurements at hour 24 to 36, and again between hours 48 and 60.

Table 3: Overview of plasmids, conjugated in M.algicola, with their respective inducer concentra-
tions. As pTN12 is a constitutive plasmid, it is not induced.

Plasmid Inducer Concentration of inducer
pTN7 m-toluate 0.5 mM
pTN8 IPTG 0.5 mM
pTN9 m-toluate 0.5 mM
pTN10 arabinose 13 mM[2]

pTN11 m-toluate 0.5 mM
pTN12 - -
pTN13 anthranilate 10 mM[4]

pTN14 rhamnose 10 mM[4]

2.13 Bioinformatics

To connect, interpret and analyze the genetic information and sequences in this thesis, bioinform-
atic tools was employed as a multidisciplinary approach. In this thesis the bioinformatic sofware
Benchling[101] was used for analyzing genetic information, understanding biological processes, and
predictions of biological systems and enhancing interpretative capabilities.

2.13.1 Benchling

Benchling is a comprehensive bioinformatics platform, and was emplyoed in this thesis to streamline
the design, management, and analysis of experiments. It facilitated tasks such as DNA sequence
analysis, identification of restriction enzyme cut-sites, sequence alignment, plasmid mapping, and
the execution of virtual digests and assemblies[101][5].

29



3 Results

3.1 Construction of RK2-based broad host range plasmids with different
antibiotic resistance cassettes

One aim for this thesis was to develop a versatile toolbox of conditional suicide plasmids, each
consisting of a cassette with different characteristics that are easily changeable to adapt to various
experiments.Constructing cassettes of different antibiotic resistance genes is essential to achieve
versatility, which allows their use in various gram negative bacterial strains and as selectable
markers. Having a set of RK2-based plasmids with different antibiotic resistance genes allows for
easy testing of which resistance genes are effective in the desired bacteria.

In my earlier work, a vector plasmid, pTN3, was derived from pSV2 and inserted with a tetracycline
resistance (TcR) gene from pLit28Tc to facilitate as a vector plasmid, where the resistance genes
can easily be replaced by using SgrDI or SalI and SbfI or PstI[5]. Further, resistance cassettes, of
apramycin (Am), and spectinomycin (Sp), were constructed by using PCR-Blunt II TOPO Clones
of a template DNA[5], denoted here as pTN4T , and pTN6T , respectively.

In this thesis, the cassette of pTN5T with kanamycin resistance (KmR) was constructed from a
pSV2 template. The template DNA was digested with StuI and DraIII to extract the 1.2 kb, as
shown in Figure 14a. The KmR was then purified and amplified by PCR with primers KmSgrDI
and KmSbfI. Subsequently, amplified fragment of 1.0 kb was subject to agarose gel electrophoresis,
purified, as shown in Figure 14b. The fragment was then cloned into a TOPO vector, resulting in
the construct pTN5T . pTN5T was then sequenced to verify the integrity of the gene of interest
and confirm that no unintended mutations had occurred, as shown in Appendix G.

Figure 14: Agarose gel electrophoresis of KmR derived from pSV2, where the boxed fragments
in and were excised and purified. a) pSV2 digested by DraIII and StuI, and b) KmR fragment
amplified by PCR followed by agarose gel electrophoresis. λH and λP denotes standard DNA-
ladders of HindIII and PstI, respectively.

These three TOPO cloned plasmids, pTN4T , pTN5T , and pTN6T were further enzymatically
digested, to isolate the resistance gene, and prepared for ligation with pTN3. The plasmid maps
of vector pTN3, and the constructed plasmids, are listed in Appendix F. A flowchart of the
construction of pTN4, pTN5 and pTN6 is illustrated in Figure 15.

To make these cassettes for the toolbox, the plasmids pTN4, pTN5, and pTN6 were constructed
with resistance to Am, Km and Sp, respectively, as illustrated in Figure 15. PCR Blunt II TOPO
cloning technology were employed to construct the inserts for these three plasmids, pTN4T , pTN5T ,
and pTN46T , and were subsequently ligated with the pTN3 backbone.
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Figure 15: Flowchart of the construction of plasmids pTN4, pTN5, and pTN6 from the common
backbone plasmid pTN3. Each plasmid is distinguished by its own antibiotic resistance gene. The
figure is an adjusted version of the flowchart used in my previous work[5].

The KmR and SpR genes, pTN5T and pTN6T respectively, were extracted from their vectors by
digestion with restriction enzymes PstI and SalI, while AmR, pTN4T , was digested with SgrDI
and SbfI, as shown in Figure 16a, 16b, and 16c. The pTN3 backbone was subjected to enzymatic
cleavage using SgrDI and SbfI to remove the TcR gene, and purifying it for ligation with the other
resistance genes as shown in Figure 16d. These fragments were then extracted and purified from
the agarose gel and prepared for ligation.
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Figure 16: Agarose gel electrophoresis for extracting fragments of pTN3 backbone and insertions
pTN4T , pTN5T , and pTN6T for the construction of pTN4, pTN5 and pTN6. a) Well 1 and 2
contain pTN6T digested by enzymes PstI and SalI. b) Well 5-6 contain pTN4T , digested by SgrDI
and SbfI. c) pTN5T digested with PstI and SalI. d) pTN3 digested by SgrDI and SbfI. The boxed
fragments were extracted and purified for further use. λH and λP denotes standard DNA-ladders
of HindIII and PstI.

Subsequently, the ligation products were transformed into chemically competent E. coli cells.
Specifically, strains S17.1 were used for pTN4 and pTN5, carrying AmR and KmR, respectively.
However, the SpR plasmid pTN6 was transformed into E. coli DH5α, as strain S17.1 is resistant
to spectinomycin.

Transformed E. coli colonies were selected on LA plates containing the corresponding antibiotic
for each plasmid construct. Only cells that successfully took up the plasmid constructs would
grow, indicating the presence of the antibiotic resistance genes. Plasmid DNA was extracted from
antibiotic-resistant colonies, digested with restriction enzymes, and the resulting patterns analyzed
by gel electrophoresis to validate the successful construction of each plasmid. The specifics of
the restriction enzymes, expected fragment sizes for successful construction, as well as unwanted
fragment sizes indicating the presence of parental plasmids, are detailed in Table 4.
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Table 4: Overview of the constructed plasmids, detailing the specific enzymes used for digestion
and subsequent verification via gel electrophoresis.

Construct Fragments from
TOPO clone

Verification
enzymes

Expected
fragments [kb]

Parental
fragments* [kb]

Verification
gel

pTN4 AmR, 0.8 kb
Figure 16b

EcoRI, SfoI 3.5, 1.7 4.0, 1.4, 0.86
2.8, 0.76, 0.57

Figure 17

pTN5 KmR, 0.9 kb
Figure 16c

Xmal, SalI 4.7, 0.57 4.9, 1.1, 0.36
2.4, 1.5, 0.57

Figure 18a

pTN6 SpR , 1.0 kb
Figure 16a

NcoI, HindIII,
XhoI

2.7, 2.6 3.7, 2.7
1.6, 1.4, 1.1, 0.44

Figure 18b

*Parental fragments refers to the sized fragments that would show if the parental plasmids had been digested with
the respective enzymes. The upper line represents pTN3 backbone, and the lower line represents the TOPO-clones.

The digested plasmids were analyzed using gel electrophoresis, and the results are shown in Fig-
ure 17, 18a and 18b. For each ligation at least one plasmid provided a fragment sizes that matched
the expected sizes and differ from both parental plasmids. This confirms the correct ligation of
pTN3 with each insert pTN4T , pTN5T , and pTN6T . In the gel photos, the bands indicating suc-
cessful ligation are marked with arrows. The colonies corresponding to these wells, which show
correctly ligated plasmids, were selected for further use and stored for subsequent use.

Figure 17: Validation of pTN4, with candidates digested using EcoRV and SfoI restriction enzymes.
Wells 4 and 5 contain standard DNA ladders. The two bands at 3.5 kb and 1.7 kb in well 7 confirm
successful ligation of pTN4.
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Figure 18: Agarose gel for verification of pTN5 and pTN6. a) pTN5 digestion with XmaI and
SalI restriction enzymes showing two distinct fragments of expected sizes confirming the successful
ligation in well 3. b) Digestion of pTN6 with NcoI, HindIII, and XhoI restriction enzymes. The
bands in well 5 might indicate the correct sizes of 2.7 kb and 2.6 kb, however the image is not
conclusive, hence sequencing was performed.

For Figure 18 b, the band sizes did not quite match the expected ones. However, in samples with a
higher amount of DNA in the standard lane, DNA fragments often migrate relatively faster. This
could impact the interpretation of the results, as it may lead to difficulties in accurately comparing
the sizes of the DNA fragments. Thereby, sequencing of the inserted genes were performed to
confirm the correct orientation and integrity of each cloned antibiotic resistance gene. These
sequences of pTN4, pTN5 and pTN6 provided in Appendix G, confirm successful cloning and
ligation without mutations that interfere with the gene of interest.The observed mutations are
outside the gene of interest sequences and thus do not impact the functionality of the antibiotic
resistance cassettes, which are the essential part for this project.

3.2 Assessment of antibiotic resistance genes in M. algicola

pTN3, pTN4, pTN5 and pTN6 were successfully transformed into E. coli JKE201, which was
chosen due to its requiring of diaminopimelic acid (DAP) supplementation for growth. Sub-
sequently, conjugation between E. coli JKE201 containing the plasmids and M. algicola was
performed. To select for the presence of the plasmids in M. algicola, a dilution series of the
conjugated cells was plated onto LA supplemented with the appropriate antibiotic corresponding
to each plasmid. Additionally, DAP was omitted from the media to ensure that only M. algicola
cells containing the conjugated plasmids survived. Notably, plasmids pTN3, pTN4, and pTN6 were
successfully transferred to M. algicola, demonstrating efficient conjugation and selection processes.
Colonies that appeared on the lowest selective diluted plates were further analyzed, respectively
10−5 dilution for pTN3 (TcR), 10−3 for pTN4 (AmR) and pTN5 (KmR), and 10−1 for pTN6
(SpR).

The conjugation of pTN5 into M. algicola was unsuccessful, possibly due to the kanamycin resist-
ance gene, as it is otherwise identical to pTN3, pTN4 and pTN6.

Another aspect of creating the toolbox of plasmids with interchangeable cassettes, was testing
different promoter systems in M. algicola. The plasmids with various promoter systems to be
tested, pSV2, pSV3, pSV4, pSV5, pSV6, pHH108, pAFW4 and pAFW5, were constructed by
previous master students[2][3][4] and are detailed in Table 5.
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Table 5: Overview of additional plasmids with characteristics to be transformed into E.coli JKE201,
followed by conjugation into M.algicola.

Plasmid Promoter system Reporter gene Resistance Inducer Source

pSV2 Pm wt, xylS RFP KmR m-toluate Vold S[2]

pSV3 LacI-Ptrc RFP KmR IPTG Vold S[2]

pSV4 Pm ML1.17, xylS RFP KmR m-toluate Vold S[2]

pSV5 AraC-pBAD RFP KmR arabinose Vold S[2]

pSV6 PmG5, xylS RFP KmR m-toluate Vold S[2]

pHH106 pConstitutive RFP KmR - Haaland H[3]

pAFW4 AntR-Pant RFP KmR anthranilate Wesche A[4]

pAFW5 RhaSR-pRha RFP KmR rhamnose Wesche A[4]

These plasmids all contain the KmR gene. They were transformed into E. coli JKE201, but conjug-
ation into M. algicola was again unsuccessful. Since plasmids pTN3, pTN4, and pTN6 successfully
conjugated, this differential outcome indicates that the kanamycin resistance gene in these plasmids
are not expressed well in M. algicola. As evidenced by its inability to survive on LA containing
even small doses of kanamycin down to [10µl/ml], the strain showed sensitivity to this antibiotic.
Testing M. algicola’s intrinsic resistance on LA plates with varying kanamycin concentrations re-
vealed that it survived at concentrations up to 10µl/ml, hence lower concentrations could not be
used. Based on these findings, this kanamycin resistance promoter and gene system is likely not
compatible with M. algicola as a selection marker.

3.3 Exchange of the resistance genes in the promoter reporter plasmids

Since the KmR cassette could not be used in M. algicola, the resistance gene in the promoter
reporter plasmids was replaced with the AmR from pTN4. The modification of these plasmids,
later named pTN7 to pTN14, involved enzymatic digestion of the plasmids with restriction enzymes
detailed in Table 6, followed by ligation with the AmR gene. The AmR gene was extracted from
pTN4, digested by restriction enzymes NotI and SalI. These new plasmids were then successfully
transformed into E.coli S17.1, and the transformants grew on LA plates with Am confirming the
uptake of AmR.

Table 6: Overview of modified plasmids resulting from enzymatic digestion and ligation.

New plasmids Backbone
plasmid*

Insertion plasmid Restriction enzymes Insertion
fragment
size

pTN7, Pm wt pTN4 pSV2, Figure 19a NotI, SalI, DraI 3.5 kb
pTN8, LacI-Ptrc pTN4 pSV3, Figure 19b NotI, SalI, SfiI 3.2 kb
pTN9, ML1.17 pTN4 pSV4, Figure 19b NotI, SalI, StuI, SfiI 3.5 kb
pTN10, AraC-pBAD pTN4 pSV5, Figure 19b NotI, SalI 2.7 kb
pTN11, PmG5 pTN4 pSV6, Figure 19b NotI, SalI, StuI, SfiI 3.5 kb
pTN12, - pTN4 pHH106, Figure 19b NotI, SalI 4.2 kb
pTN13, AntR-Pant pTN4 pAFW4, Figure 19b NotI, SalI, SfiI 3.8 kb
pTN14, RhaSR-pRha pTN4 pAFW5, Figure 19b NotI, SalI, SfiI 1.8 kb

*All pTN4 backbone plasmids underwent digestion with NotI and SalI restriction enzymes before being ligated with
the respective insertion plasmids described in the table.
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Figure 19: Gel electrophoresis of enzymatically cleaved plasmids for the construction of plasmids
pTN8 to pTN14, where the boxed fragments were subsequently extracted and purified for ligation.
Details of the restriction enzymes used and the resulting fragments are listed in Table 6. a) pSV2
digested with the restriction enzymes SalI, NotI, and DraI, for the construction of plasmid pTN7.
b) Well 4 contains of pSV3, 5 of pSV4, wells 6 and 7 of pSV5, and well 8 contains pSV6. Well 9
contains pAFW4, well 10 contains pAFW5, well 11 contains pHH106, and wells 12 and 13 contain
pTN4.

Colonies of the transformants in E.coli S.17.1 were then isolated and verified on gel electrophoresis
to ensure correct ligation. The expected fragment sizes and restriction enzymes used for each
plasmid is detailed in Table 7.

Table 7: Verification of plasmids pTN7-14, detailing the restriction enzymes used, the expected
fragment sizes, and the corresponding gel electrophoresis figures, confirming correct ligation.

Plasmid Restriction
enzyme

Expected
fragment [kb]

Parental
fragments* [kb]

Verification gel

pTN7 PstI, EcoRI 3.9 3.8, 2.9, 1.2
5.2, 0.001

Figure 20a

pTN8 PstI, EcoRI 3.9, 3.5 3.8, 2.9, 1.2
5.2, 0.001

Figure 21

pTN9 PstI, EcoRI 3.9 3.8, 2.9, 1.2
5.2, 0.001

Figure 21

pTN10 PstI, EcoRI 3.9, 3.0 3.8, 2.1, 1.2
5.2, 0.001

Figure 21

pTN11 PstI, EcoRI 3.9 3.8, 2.9, 1.2
5.2, 0.001

Figure 21

pTN12 PstI, EcoRI 3.9, 1.7 3.9, 1.2, 0.8, 0.5
5.2, 0.001

Figure 22

pTN13 PstI, EcoRI 3.9, 3.4 3.9, 2.5, 1.2
5.2, 0.001

Figure 20b

pTN14 PstI, EcoRI 3.9, 3.7 3.8, 2.8, 1.2, 0.4
5.2, 0.001

Figure 22

* Parental fragments refers to the sized fragments that would indicate the presence of the parental digested with
the respective enzymes. Upper line represents pTN4 (AmR), lower line the insertion plasmids, specified in Table 6.
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Figure 20: Agarose gel electrophoresis verifying the successful ligation and transformation of plas-
mids into E. coli. a) The pTN7 digested with restriction enzymes PstI and EcoRI. b) pTN13
digested by restriction enzymes PstI and EcoRI.

Figure 21: Gel electrophoresis verification of plasmids pTN8, pTN9, pTN10 and pTN11 through
restriction digestion with EcoRI and PstI. Wells 1-3 display pTN8, 4-6 show pTN9, 9-11 contain
pTN10, and wells 12-14 display pTN11. The resulting fragment sizes match the values listed in
Table 7. Standard DNA ladders are denoted as λH and λP.

The standards used in the verification of plasmids in Figure 21, contained an excess amount of
DNA, which caused a slight uncertainty in the credibility of the results. However, it can be observed
that pTN8 is divided into two close fragments, which are more likely of the correct fragments 3.9
kb and 3.5 kb, rather than indicating religation of pSV3. The religation digested by EcoRI and
PstI would give bands of 3.9 kb, 2.7 kb, and 1.2 kb, while the digestion of the pTN4 backbone
would yield a single band at 5.2 kb. By comparing the sizes of other plasmid digestions and
considering religation possibilities, as well as the fact that pTN8 shows ampicillin resistance and
its band pattern does not match pTN4, it can be concluded with greater certainty that the plasmid
is indeed pTN8, rather than relying on the standards alone.
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Figure 22: Confirmation of the successful construction of modified plasmids pTN12 and pTN14,
both digested with restriction enzymes PstI and EcoRI. Wells 1-3 display fragments of pTN12 at
3.9 kb and 1.7 kb, while wells 4-6 show fragments of pTN14 at 3.9 kb and 3.7 kb. A 3.9 kb fragment
of pTN9 in well 7 serves here as an additional reference to the DNA ladders with excess DNA.

The constructed and verified plasmids pTN7 to pTN14 were then transformed into E.coli JKE201.
Subsequently, they were successfully conjugated into M. algicola. These strains were then prepared
for testing to assess their promoter strength within M. algicola.

3.4 Growth and fluorescent protein expression assays

To evaluate the strength of the various promoter systems in M. algicola, 96 well cultivation plates
were prepared for measurements of fluorescence and growth over time. All plasmids listed in
Table 8 were conjugated into M. algicola and selected on LA plates with Km. Using 96-well
plates allows for the simultaneous measurement of multiple samples under identical conditions,
providing continuous monitoring of growth and fluorescent protein expression dynamics over time.
pTN4 were also tested as a control plasmid, since it does not encode the RFP gene it would show
possible background fluorescens from the bacterium.

3.4.1 Evaluating method of growth experiment

The use of a 96-well plate allows for the simultaneous testing of multiple strains, or replicates
in induced and uninduced form at identical conditions. This high-throughput approach improves
efficiency and ensures that all samples are subjected to uniform conditions, thereby minimising
variability. The frequent measurements provide detailed time-course data, providing detailed ana-
lysis of growth dynamics and gene expression patterns. Additionally, the compact format of the
96-well plate is resource-efficient, requiring smaller volumes of reagents and culture media.

During the incubation process, the well plate was placed in a shaking incubator. To minimize
cross-contamination, strains of different promoter system were strategically placed so that no two
adjacent wells contained bacterial samples, set up is shown in Appendix D. The remaining wells
were filled with LB and 50 µL/ml Am, and could be used to monitor any contamination transfer
between wells during cultivation. The wells at the edges were not used for bacterial strains due to
greater chance of evaporation.

Inter-well contamination was a potential issue due to the rotation of the plates during incubation
and the handling of plates when lifting them in and out of the box. Contamination analysis was
conducted simultaneously with the growth and fluorescence measurements of promoter systems
in M. algicola. The contamination results are illustrated in Figure 23. Each well with an OD
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measurement above 0.1 has the measured OD noted on the respective well, and wells containing
the M. algicola strain with a plasmid are highlighted in pink. The figure show the measurements
of growth at hour 0, and after 24 and 48 hours. The results indicate that there was some con-
tamination between wells. However, the low values observed at hour 24 compared to the expected
cultures suggest that cross-contamination between sets of samples is unlikely. This indicates that
the method can be reliably used for cultivation.

Figure 23: Contamination and growth measurements in 96-well plates. Wells initially containing
M. algicola are highlighted in pink. Wells with OD values exceeding 0.1 are annotated on the
respective well, and those with OD values exceeding 0.3 are highlighted in orange. Measurements
are shown after 0, 24 and 48 hours.

Table 8: Overview of the plasmids tested with their antibiotic resistance genes, promoter systems
and inducers detailed.

Plasmid Promoter system Reporter gene Resistance Inducer Source
pTN4 - - AmR - This study
pTN7 Pm wt, xylS RFP AmR m-toluate This study
pTN8 LacI-Ptrc RFP AmR IPTG This study
pTN9 Pm ML1.17, xylS RFP AmR m-toluate This study
pTN10 AraC-pBAD RFP AmR arabinose This study
pTN11 PmG5, xylS RFP AmR m-toluate This study
pTN12 Constitutive RFP AmR - This study
pTN13 AntR-Pant RFP AmR anthranilate This study
pTN14 RhaSR-pRha RFP AmR rhamnose This study
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3.4.2 Comparison of overall trends in the growth and gene expression

Optical density measurements at 600 nm were recorded over a 60 hour period to evaluate the
growth behavior of bacterial cultures containing the pTN7-pTN14 constructs. An equal volume of
preculture diluted to an OD of 0.1 was added to three parallel wells, both with and without inducer.
The plate setup is detailed in Appendix D. The results represented are average values obtained
from three replicate measurements per strain, providing greater confidence in the observed data.
All raw data and calculations are detailed in Appendix E and E.

The non-induced strains overall demonstrate a steady growth trend, and reached higher OD600

values faster than their induced counterparts, as shown in Figure 24. The induced strains showed
more variations in their growth. Some of the strains reached the same density as their uninduced
parallels, but needed 48 hours to do so. In contrast, induced pTN7 and pTN10 reached their
stationary phase after 24 hours, similar to the uninduced strains, but at a lower density. Notably,
the strains containing pTN8 and pTN14 show small differences in their induced and non-induced
conditions.

Figure 24: Growth curves of M. algicola strains containing plasmids pTN7 to pTN14, including
both induced and non-induced conditions. Measured by OD600.

The fluorescence intensity of expressed RFP in M. algicola strains containing plasmids pTN7 to
pTN14 is presented in Figure 25. The data reveal trends in fluorescence, showing an initial drop
from the first to the second measurement, followed by a more stable phase and subsequent variation
between each strain.
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Figure 25: Fluorescence intensity measurements of RFP in M. algicola strains with different plas-
mids, including both induced and non-induced conditions.

The uninduced strains seem to express higher levels of RFP compared to the induced strains.
However, since the uninduced strains have a higher cell density, this observation does not provide
information about RFP production per cell. Accordingly, to obtain a more accurate assessment of
promoter system performance, it is necessary to examine the FI/OD ratio, as shown in Figure 26.
This normalisation accounts for differences in cell density, providing a picture of promoter efficiency
relative to the number of cells. Thus, by examining the fluorescence intensity per optical density,
we obtain the normalised fluorescence ratio per cell over time.

Due to the low OD values, of approximately 0.1, in the initial measurements, combined with the
high initial FI readings at time 0, the resulting FI/OD values are significantly elevated at the
first measurement point. Therefore, these first measurement has been excluded from these FI/OD
plots to provide a clearer representation of the following measurements of the various strains under
induced and uninduced conditions.

From the FI/OD it is observed high initial values which rapidly decreases within the first 6 hours.
There are variations among the strains, with some displaying more significant fluctuations. Overall
the trend indicates a decline in FI/OD for the first few hours, followed by a stabilisation , where
the induced strains generally has a higher value than their uninduced counterparts. After approx-
imately 24 hours, most strains reach a relatively stable phase with minor fluctuations onwards. In
the following section, the results from each promoter study is shown separately.
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Figure 26: Normalised fluorescence intensity per optical density in M. algicola strains containing
plasmids pTN7 to pTN14, comparing induced and non-induced conditions.

3.4.3 Activity of tested promoter systems and control strain

The graph in Figure 27 shows the relative fluorescence output of M. algicola strains containing the
Pconstitutive strain, pTN12, and a control strain, pTN4, that does not have a reporter gene for
RFP expression. The control was measured for a duration of 50 hours, whilst the pTN12 strain
was measured over 60 hours.

The control strain, pTN4, maintains relatively low FI/OD values throughout the experiment, fluc-
tuating around 200 to 250 units. The values of the control, pTN4, remained stable and express the
background fluorescence expression in M.algicola. Hence, pTN4 is used as a baseline in comparison
to the Pconstitutive, and other promoter system tested.

Initially, the Pconstitutive promoter system exhibits high relative fluorescence values, which decline
for the first 12 hours. After hour 24, a stabilising trend is observed, with relative low fluorescence
values fluctuating around 200. This is followed by a slow increase, reaching approximately 400 at
48 hours, after which the values stabilize, fluctuating around 400 units.
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Figure 27: Normalised fluorescence intensity of RFP in M. algicola strains containing plasmids
pTN4 and pTN12 (pconstitutive).

Regarding the Ptrc promoter, as shown in Figure 28, the induction with IPTG show an overall
slightly higher relative fluorescence value compared to the uninduced strain. Both conditions follow
a similar trend with decreasing FI/OD values, although, the induced strain maintains slightly
higher values than the uninduced strain throughout the experiment. Notably, at hour 12, the RFP
expression in the uninduced strain declines, while the IPTG-induced strain continues to exhibit
higher levels of RFP expression. The next measurement is at hour 24 shows that the induced strain
also declines to background levels. Additional measurements within this timeframe could reveal
a period where the uninduced strain is inactive while the induced strain continues to express the
gene. This would indicate potential for temporal regulation, with gene expression switched off in
the uninduced strain while maintained in the induced strain during the specific time interval.

Figure 28: Relative fluorescence measurements of the LacI-Ptrc system, comparing pTN8 induced
IPTG 0.5 mM, and uninduced conditions. Illustrating the promoter activity and responsiveness
to induction over a 60 hour time period.

In Figure 29 the RFP expression for the AraC-pBAD promoter system is shown. Both strains

43



experience a decline in FI/OD values during the first 4 hours. Subsequently, the uninduced strain
continues to decline, while the arabinose induced strain increases, reaching a peak of approximately
1200 units at hour 10. The induced strain then fluctuates at a higher value range than the
uninduced strain, indicating higher RFP expression. Notably, irregular patterns with two distinct
peaks are observed around hour 24 to 36, possibly related to low points observed in the counter
measurements of the growth curve. Overall, the AraC-pBAD promoter system shows a strong
response to arabinose induction in M. algicola, with the induced strain exhibiting higher RFP
expression compared to the uninduced strain, indicating that the system works effectively in M.
algicola.

Figure 29: FI/OD measurements of the AraC-pBAD system, comparing pTN10 induced arabinose
13 mM, and uninduced conditions. Illustrating the promoter activity and responsiveness to induc-
tion over a 60 hour time period.

The RFP expression profiles for the AntR-Pant promoter system in M. algicola are shown in
Figure 30. The graph compares strains substituted with 10 mM anthranilat inducer with uninduced
conditions over time. In this strain, the uninduced pTN13 show higher values for the first 10 hours,
where after 6 hours the production of RPF is greater than the degradation. After this, the induced
strain surpasses the uninduced strain for the following 22 hours. Beyond hour 32, it is observed
that both strains converge to base level of the pTN4 control.
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Figure 30: Normalised relative fluorescence intensity of the AntR-Pant system, comparing pTN8
induced anthranilat 10 mM, and uninduced conditions. Illustrating the promoter activity and
responsiveness to induction over a 60 hour time period.

The relative fluorescence measurements of RFP expression in M. algicola strains containing the
RhaSR-pRha promoter system, pTN14, both induced with rhamnose 10 mM and uninduced con-
ditions, are represented in Figure 31.

Initially, over the first 6 hours, a noticeable decline in the relative fluorescence is observed for both
conditions. Both strains remain relatively close to pTN4, fluctuating between 200 and 400 units,
suggesting low to no RFP expression.

Figure 31: FI/OD measurements of the RhaSR pRha system, comparing pTN14 induced rham-
nose 10 mM, and uninduced conditions. Illustrating the promoter activity and responsiveness to
induction over a 60 hour time period.

The overall trend suggests that the RhaSR-pRha promoter system exhibits a weak response to the
10 mM rhamnose induction, with the pTN14 strains barely maintaining a higher FI/OD values
compared to the pTN4 control strain.

Measurements of strains containing different XylS promoter system, specifically Pm wt, PmML1.17
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and PmG5, in respectively pTN7, pTN9, and pTN11, are represented in Figure 32, 33, and 34. For
plasmid pTN7, the induced condition with m-toluate shows higher initial normalised fluorescence
intensity compared to the uninduced strain. There is an observed peak in RFP expression at hour
10. However, both conditions converge with fluctuations to lower levels after approximately 24
hours and the standard deviations increases.

Figure 32: FI/OD measurements of the Pm wild type system, comparing pTN7 induced m-toluate
0.5 mM, and uninduced conditions. Illustrating the promoter activity and responsiveness to in-
duction over a 60 hour time period

Plasmid pTN9, in Figure 33, demonstrates a similar pattern as pTN7, where the induced strain
initially show higher relative fluorescence output than the uninduced strain and they both converge
to hour 24. Notably, there is a peak in RPF expression at hour 10 for the induced strain of M.
algicola containing pTN9 too. However, the pTN9 variation exhibits higher values for the first 12
hours compared to the pTN7 variation.

Figure 33: FI/ODmeasurements of the PmML1.17 system, comparing pTN9 induced m-toluate 0.5
mM, and uninduced conditions. Illustrating the promoter activity and responsiveness to induction
over a 60 hour time period
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M. algicola containing pTN11, shown Figure 34, seems to follow the same trends as the other Pm
variation with a peak at hour 10. Conversley, both pTN7 and pTN9 exhibit their lowest values at
4 hours, whereas pTN11 shows its lowest value at 6 hours. This indicates that the PmG5 variant
is a weaker promoter in M. algicola, taking longer for production to exceed degradation.

Figure 34: FI/OD measurements of the PmG5 system, comparing pTN11 induced m-toluate 0.5
mM, and uninduced conditions. Illustrating the promoter activity and responsiveness to induction
over a 60 hour time period

The AraC-pBAD and Pm ML1.17 systems showed the highest and most sustained gene expression
in M. algicola, indicating a potential for applications requiring stable and sustained protein pro-
duction. The AntR-Pant, LacI-Ptrc , PmG5 , and Pm wt systems demonstrated more moderate
expression levels. The RhaSR-pRha system showed minimal response to induction, suggesting
limited utility for applications for strong and controlled gene expression.
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4 Discussion

In the construction of genetic cassettes for the toolbox, it is essential to evaluate the various
components. One aim of this thesis was to develop antibiotic resistance cassettes and assess their
functionality inM. algicola. The other aim was to investigate the performance of different promoter
systems in M. algicola. These results were then to be compared with studies conducted in other
bacteria, providing insights into the responsiveness and ease of use of the constructed plasmids in
the toolbox. The following sections will discuss each of these aims separately.

4.1 Evaluation of the antibiotic resistance cassettes

The primary objective of constructing plasmids from PCR-Blunt II-TOPO clones was to integrate
antibiotic resistance genes that would serve as cassettes of selective markers in the toolbox. The
construction of verified plasmids with various antibiotic resistance genes, AmR, KmR, TcR, and
SpR, were successfully achieved. These cassettes and plasmids are now readily available for use in
any gram-negative bacteria for testing their effectiveness in conferring resistance.

The plasmids were tested in M. algicola, and pTN3, pTN4, and pTN6, containing TcR, AmR and
SpR respectively, successfully conferred resistance to the respective antibiotics. This confirmed
the effectiveness of these plasmids in providing M. algicola with the desired antibiotic resistance.
However, the M. algicola strain with the pTN5 containing KmR did not grow on LA Km plates,
indicating that M. algicola does not express the kanamycin resistance gene effectively.

A potential reason for the lack of KmR expressed in M.algicola might be a regulatory mechanism
in M.algicola that prevent the expression of KmR. The promoter driving KmR might not be well
recognized in M. algicola, or it could be subject to repression or silencing by specific regulatory
proteins, RNA molecules, or genomic elements. Alternatively, improper folding of the KmR protein
could lead to an inability to express resistance. While the plasmid is taken up by the bacteria,
the KmR protein might not fold correctly, preventing it from functioning properly and conferring
resistance. Another possibility is post-transcriptional regulation, where the KmR mRNA is pro-
duced but gets rapidly degraded by mechanisms in M. algicola, preventing efficient translation into
protein.

In response to the lack of Km tolerance observed in M. algicola with KmR plasmids, the resistance
gene was exchanged from kanamycin to apramycin in a series of plasmids. Hence, the efficiency of
exchanging the selective markers was tested, confirming that the resistance markers can be easily
replaced. This substitution exemplifies the flexibility of this genetic engineering strategy, showcas-
ing the use of a versatile toolbox of traits designed to accommodate the characteristics of different
microbial hosts. The successfully change of the selection marker resulted in the construction of
pTN7-14. These plasmids were further used to test of different promoter systems and their strength
in M.algicola.

4.2 Evaluation of different promoter systems

A set of 8 different promoters was tested in M.algicola, with all promoters/regulator cassettes
inserted into the same backbone, pTN4. The consistent use of the same backbone allows for a
systematic comparison of the different expression systems without confounding effects from dif-
ferent vectors, ensuring that any differences specifically are due to the promoter systems. This
consistency helps identify bottlenecks in recombinant protein production and facilitates consistent
evaluations of expression system efficiency[58].

As promoters are often optimised for specific host machinery, the different promoter systems are
tested in various bacteria to observe and evaluate how they work for each bacteria. The Pm
promoter might be more efficiently recognized by the RNA polymerase of for example E. coli
compared to P. fluorescens or M. algicola. Different bacteria might vary in their ability to uptake
and metabolise the synthetic inducers. Additionally, plasmid stability and copy number can vary
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between species due to differences in replication systems and intracellular environments. High copy
numbers or more stable plasmids higher expression levels may favour one species over another.

4.2.1 Impact of promoter system performance on bacterial growth

The production of the fluorescence protein could be a metabolic burden, which slows down the
cell growth. As shown in Figure 35, the induced systems tends to have a lower growth rate to
the uninduced strains. This difference in growth rates could suggest that the energy and resources
required for the synthesis of RFP are redirected from those needed for cell growth.

Most of the induced strains show an increase in growth over time, eventually reaching values similar
to their uninduced counterparts at 24 or 48 hours. This suggests that the majority of the induced
plasmids do not hinder cell growth but rather delay it. However, there are two exceptions, where
the Pm wt and AraC-pBAD systems still show significantly lower growth than their respective
uninduced state even after 48 hours. Notably, the M. algicola strains containing the LacI-Ptrc
and the RhaSR-pRha systems do not show significantly lower growth for the induced than the
non-induced, indicating a low metabolic burden associated with these expression systems.

Figure 35: Optical Density measurements at 600 nm for M. algicola strains containing various
plasmids. Measurements were taken at 12, 24, and 48 hours under both induced and non-induced
conditions. The chart illustrates the growth dynamics, highlighting the differences in cell density
between induced and non-induced strains.

From the barcharts in Figure 35 and 36, it is clear that most induced strains exhibit slower
growth than their uninduced counterparts, suggesting a metabolic burden associated with the
induction process. The FI/OD measurements show significantly higher values for the induced
strains, with the differences becoming less pronounced by hour 48. Comparing the OD graphs
with the FI/OD graphs, it is observed that generally the strains with the most effective induction
exhibit the weakest growth. This correlation highlights the metabolic cost of gene expression in M.
algicola under induced conditions. However, not all systems follow this pattern. For instance, the
M. algicola strains containing the AntR-Pant (pTN13), pmG5 (pTN11), and pm ML1.17 (pTN9)
systems show relatively high induced FI/OD values, indicating effective induction, yet their growth
rates eventually catch up to uninduced strains by hour 48. This suggests that these systems, while
imposing an initial metabolic burden that slows down growth, allow the induced strains to catch up
as the uninduced strains reach the stationary phase. Consequently, most induced strains, requiring
more time due to the metabolic load, eventually reach the same stationary plateau. Conversely,
the Pm wt and AraC-pBAD system demonstrates significantly lower OD values for induced strains
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at all time points, indicating a high and sustained metabolic burden.

Figure 36: Fluorescence intensity normalised by per cell for M. algicola strains containing various
plasmids. The chart illustrates the relative expression levels of RFP.

Notably, the growth restraint is higher compared to similar experiments conducted in P. fluores-
cens, as tested in previous master’s thesis by Vold[2], Haaland[3], and Wesche[4]. The reasons for
this are uncertain but might be due to the LB media used for M. algicola not being specifically
optimised for this strain, potentially causing stress due to the media composition. Additionally,
the potential negative effects of the inducers on M. algicola growth were not evaluated. Inducers,
while necessary for activating gene expression for their respective promoter system, can themselves
impose metabolic stress or toxicity on the bacteria. To assess these potential negative effects, it
would be necessary to grow M. algicola wt with varying concentrations of each inducer to observe
any inhibitory effects on growth in the absence of plasmids or alternatively using the control strain
containing pTN4.

Understanding these trait for each promoter system in M. algicola is valuable for selecting an
appropriate promoters, ensuring optimal gene expression under different experimental conditions,
and helps identifying the most effective system for desired applications in the toolbox.

4.2.2 Comparison of the induced promoter systems

Measuring optical density and fluorescence intensity of each M. algicola strain containing plasmids
with various promoter systems provides insights into the expression efficiency and strength of these
promoters. OD measurement indicates cell growth, while FI measures the expression level of RFP
through fluorescence. The ratio of FI to OD allows for normalisation of fluorescence to cell density,
providing a more accurate assessment of promoter activity.

Comparing induced and non-induced samples reveals the responsiveness and regulation potential of
the inducible promoters. Overall, the Pconstitutive system displays higher initial gene expression
per cell, which significantly declines and then stabilizes at around 400 over time. Whereas, the
control strain, pTN4, maintains consistently lower values, suggesting that the background fluores-
cence level for M. algicola at these conditions are around 200-250. Hence, the pTN4 is used as a
reference to evaluate the strength of promoter systems.

The fluorescence per cell of all the induced systems, shown in Figure 36, compares the performance
and characteristics of the different promoter systems in relation to each other. It is observed that
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all the promoter systems in their induced form showed some level of RFP expression the first
12 hours compared to the control, pTN4. This indicates that the promoters were inducible, in
different degree, and exhibited gene expression above the background levels of M.algicola.

All strains exhibit a high initial expression level, that sharply declines. This is most likely due
to depletion of the expressed RFP from previous culture, before the dilution to OD = 0.1. It
is important to note that low cell numbers in these initial measurements can lead to greater
uncertainty in the measured values. All the systems reaches the point where production exceeds
degradation of RFP between 4 and 6 hours. This timing indicates how effective the promoters are
in quickly initiating gene expression, which is interesting for experiments requiring rapid protein
production.

At the 24 hour measurement, the strains containing Ptrc-LacI, RhaSR-pRha, and Pm ML1.17
have fallen to the same level of RFP production as the control strain, pTN4, indicating that these
systems lose their effectiveness over time. In contrast, strains with AntR-Pant, PmG5, Pm wt,
and AraC-pBAD show higher levels of gene expression. Systems that decline to control levels may
be useful in situations where transient expression is sufficient or preferred. In contrast, systems
that maintain higher levels of expression are advantageous for continuous production needs.

These differences can be strategically used to select the suiting gene expression levels to the spe-
cific needs of a project. For example, selecting a variant with higher expression levels can be
advantageous in applications requiring abundant protein production. Faster induction systems are
beneficial when quick response times are essential, and precise control of gene expression is essential
in experiments requiring tight regulation. By understanding and utilising the unique properties of
each promoter system or variant, researchers can optimise gene expression systems for a variety of
experimental or industrial applications.

4.2.3 Assessment and evaluation of promoter systems in M. algicola and P. fluores-
cense

When considering the promoter variants in Figure 36, it is clear that they differ in strength,
which affect the transcription rates of the RFP gene, resulting in different levels of expression and
induction dynamics in M. algicola. By comparing these systems in M. algicola and P. fluorescens,
insights into species-specific differences in promoter strength, gene expression, and the efficiency
of different promoter systems can be gained.

Comparing the Pm variations presented in Figure 37, reveals that the effect of induction, where
expression exceeds degradation, occurs at hour 6. The Pm ML1.17 variation has the highest
expression but also the largest drop in gene expression at hour 24. This suggests that although
this variant is effective at quickly increasing gene expression, it may also be unstable over time, or
there may be a saturation or depletion effect occurring. Pm wt demonstrates more stable induction,
maintaining second highest values, whereas PmG5 shows the lowest FI/OD values. Thereafter,
they all converge closely with their non-induced counterparts in a stationary phase, slightly above
the background expression control in M. algicola. Isolating the Pm variations was done to enhance
readability by preventing clutter from too many promoter systems, making the comparison more
manageable and easier to follow.
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Figure 37: Comparison of the normalised fluorescence intensity per cell in the different Pm vari-
ations.

In a thesis conducted by Vold, the promoter strength of Pm variations Pm wt, PmG5 and Pm
ML1.17 were tested in Pseudomonas fluorescence SBW25[2]. Her findings demonstrated that
among the Pm variants, the Pm wt exhibited the highest expression levels. The Pm ML1.17
variant also maintained high expression levels, though slightly weaker than the wild-type. Con-
trary to expectations, the PmG5 variant, was found to be the weakest of the three, suggesting
potential strain-dependent variability in promoter performance[2].

For comparison, in M. algicola, the induced Pm ML1.17 variation showed the highest expression
levels, followed by the wild type. Both bacteria exhibited the lowest expression from the PmG5
variation. Additionally, the stationary phase was reached within 24 hours for all variations in both
bacteria, indicating that the growth dynamics are similar. However, the efficiency and expression
levels of the promoters varied between the bacterial species, and the promoter strengths were not
consistent across species. This highlights the importance of testing promoter systems in different
host strains to understand their performance and optimise their use in each specific applications.

For the use in conditional suicide plasmids to control the replication gene trfA, a system that
provides reliable and controlled induction, allowing for precise regulation of gen expression, is
desirable. Among the Pm systems tested, the ML1.17 variant in pTN9 would be recommended
due to its high expression levels, and peak induction at hour 10. This variant makes the most
suitable choice for to ensure that the trfA gene is sufficiently expressed to trigger the conditional
suicide mechanism when needed. Further, as Wagle[1] is testing the dynamics of trfA expression,
it would be beneficial to compare the promoter’s effectiveness directly with the trfA gene.

The LacI-Ptrc system is repressed by the LacI protein until IPTG binds to LacI, releasing it from
the operator and allowing transcription of the RFP gene. The AraC-pBAD system is repressed
by AraC in the absence of arabinose, subsequently when arabinose binds to AraC, it activates the
pBAD promoter, enhancing RFP transcription. The AntR-Pant system requires anthranilate to
activate the AntR protein, which then promotes transcription from the Pant promoter, increasing
RFP expression. The RhaSR-pRha system is regulated by the RhaS and RhaR proteins, which
activate the pRha promoter in the presence of rhamnose, leading to increased transcription of
the RFP gene. These expression systems differ in their regulatory mechanisms and response to
inducers, and a comparison of the induced and uninduced systems are shown in Figure 38.
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Figure 38: Normalised flourescense intensity per cell values of promoter systems compared over
time. LacI-Ptrc (pTN8, red), AraC-pBAD (pTN10, yellow), AntR-Pant (pTN13, pink), and
RhaSR-pRha (pTN14, black), constiutive (pTN12, grey) and control (pTN4, orange).

The AraC-pBAD system shows a significant response to induction and stabilises at a higher FI/OD
ratio, indicating an effective promoter activity in M. algicola. In contrast, the AntR-Pant system,
induced by anthranilate, exhibits more moderate induction and stabilises at a lower FI/OD ratio
compared to AraC-pBAD. Despite this, the AntR-Pant system demonstrates a strong promoter
activity compared to other systems tested in M. algicola.

The induced AntR-Pant system maintains a stationary gene expression, whereas the uninduced
strain converges to background expression. This makes the AntR-Pant system in a tight promoter
that can be used for a precises control of gene expression.

A previous study by Vold on the AraC-pBAD system in P. fluorescens revealed that both in-
duced and uninduced conditions demonstrated similarly low fluorescence levels, suggesting that
the pBAD system was not effectively functioning in P. fluorescens [2]. Conversely, in M. algicola
the AraC-pBAD system showed clear RFP expression under induced conditions, indicating effect-
ive induction. These high levels of RFP expression remained relatively high for an extended period
before eventually converging towards the background expression level. This suggests that the
AraC-pBAD system in M. algicola can be effectively induced, maintaining high gene expression,
and may have potential as a strong promoter.

The differences between P. fluorescens and M. algicola in response to the induction of the AraC-
pBAD system underscores how cellular mechanisms work differently in various bacteria.Marinobacter
algicola, as a marine bacteria, may have more efficient mechanisms for uptake of arabinose, or dif-
ferent regulatory pathways that enhance the functionality of the pBAD system, compared to P.
fluorescens.This suggests that M. algicola can induce and maintain higher levels of gene expression
using the AraC-pBAD system.

In Figure 36, it is observed that neither the induced LacI-Ptrc nor the RhaSR-pRha systems show
a significant increase in RFP expression after the initial hours. Although these systems exhibit
slightly higher fluorescence intensity, it is not pronounced. The low promoter activity could be due
to weak promoters that inherently have a low activity in M. algicola. Factors such as pH, nutrient
availability, and temperature affect the activity. However, since these conditions were identical
for all tested systems, it is likely that the promoter strength is the limiting factor of lower RFP
expression in M. algicola.

Vold tested the Ptrc-LacI promoter system in P. fluorescens SBW25, and found that the Ptrc-
LacI promoter exhibited increased fluorescence of RFP when induced with IPTG, even when the
cells had reached the stationary phase. The fluorescence of RFP under uninduced conditions was
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low, around the control background level of P. fluorescens, indicating that the Ptrc-LacI promoter
required induction to be functional in this host[2].

In this study, where the Ptrc-LacI system was tested in M. algicola, the induced strain initially
showed significant increase in RFP expression, which eventually decreased to background levels.
This trend contrasts with the induced system in P. fluorescens, which maintained increased ex-
pression for a longer period before declining. Additionally, the uninduced strain in P. fluorescens
showed no gene expression, whereas in M. algicola, the uninduced strain also showed initial RFP
production before stabilising at background level. This indicates that the Ptrc-LacI system func-
tions as a tight promoter in P. fluorescens, which can be useful for precise control.

In Wesche’s study on the RhaSR-pRha system in P. fluorescens, strains induced with rhamnose
demonstrated lower growth rates and and increased fluorescence intensity compared to uninduced
strains, highlighting effective promoter activity under induced conditions[4].

Contrary in this study, the RFP expression in M. algicola containing the RhaSR-pRha promoter
system, under both induced and uninduced conditions, initially showed relatively high fluorescence
expression levels. However, there was a sharp declin in relative fluorescense for both conditions,
therafter the FI/OD values remained fluctuating at low expression level. This suggests that the
RhaSR-pRha promoter exhibits a weak response to rhamnose induction, as the induced and un-
induced strain maintains nearly the same FI/OD values. This weak response could be due to
inefficient uptake of rhamnose in M. algicola, or the promoter may have low activity in this host.
This indicates that the RhaSR-pRha system is not suitable for controlled gene expression in M.
algicola, as it fails to distinguish between induced and uninduced states.

In Wesche’s study of the AntR-Pant promoter system in P. fluorescens, early addition of an-
thranilate was found to inhibit growth, but showed strong gene expression, indicating an effective
promoter activity[4]. In this study of the AntR-Pant systems in M. algicola, the uninduced strain
initially showed higher fluorescence levels before the induced strain surpassed the it, maintaining
significantly higher normalised fluorescence ratio for an extended time. Eventually the induced
strain declined to low expression level similar to the uninduced counterpart.

Comparing these two experiments, the AntR-Pant promoter system appears to work more effi-
ciently in P. fluorescens, where it achieves strong gene expression. In M. algicola, the promoter
maintains gene expression over an extended period, indicating a more stable system. In P. fluor-
escens, the RFP expression declines after peaking, in contrast to M. algicola, where production
reaches a stationary phase and remains elevated longer. This suggests that the AntR-Pant system
may be more stabel in M. algicola. However, Wesche’s experiment lasted 48 hours, and did not
capture when RFP expression converged to background levels, but the system appeared to reach a
stationary phase with relatively high gene expression, suggesting AntR-Pant is a strong promoter
in P. fluorescens.

As the origins of AntR-Pant is native P. fluorescens, the regulatory elements are suited to its
cellular environment and metabolic pathways, potentially making it favorable for P. fluorescens
compared to M. algicola. However, as demonstrated in these comparisons, each system needs to be
tested in the specific bacteria to determine which is best suited for the experiment’s requirements.
This underscores the value of these easily changeable cassettes in our genetic toolbox.

Other reasons for low expression to consider include the possibility that the concentration levels
of inducers may have been too low to fully activate the promoters, resulting in lower increased
expression. The inducers may also be degraded or metabolised too quickly, reducing their effective
concentration. Since these promoter systems are not native to M. algicola, the cells might have dif-
ficulty taking up the inducer from the medium, resulting in less optimal intracellular concentrations
and weaker gene expression.

For controlling the replication gene trfA in conditional suicide plasmids, a system that provides
reliable and controlled induction for precise gene regulation is essential. The AraC-pBAD system,
pTN10, appears to be the overall best choice for trfA expression in the conditional suicide plasmid.
This system shows pronounced and the most stable induction, indicating it could be reliable for
controlled gene expression. The response to arabinose inducer and the higher FI/OD ratio suggest
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that it can provide the necessary expression levels to trigger the conditional suicide mechanism.
Following the AraC-pBAD system, the ML1.17 variant in pTN9 is the second recommended option,
due to its high expression levels and peak induction. This variant ensures that the trfA gene is
sufficiently expressed to trigger the conditional suicide mechanism when needed. Additionally, as
Wagle[1] is testing the dynamics of trfA expression, it would be beneficial to compare the promoter’s
effectiveness directly with the trfA gene.
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5 Conclusion and further work

This thesis contributes to the broader objective of developing an accessible and versatile genetic
toolbox that allows for controlled gene expression across a variety of bacterial species. The focus
has been on constructing cassettes encoding different antibiotic resistance genes for the toolbox,
enabling the selection and maintenance of plasmid-holding bacteria and ensuring compatibility
with various species. The construction of plasmids pTN4, pTN5, and pTN6, conferring apra-
mycin, kanamycin, and spectinomycin resistance respectively, was successful. These plasmids are
derivatives of the previously engineered pTN3 plasmid, which confers tetracycline resistance.

The ease of changing cassettes was tested in the construction of pTN7-pTN14, where the KmR

gene were substituted with an AmR gene in response to poor expression of KmR shown in M.
algicola. This confirmed the quick substitution utilising digestion enzymes, PstI and EcoRI, and
ligation, demonstrating an effective process for customising the plasmids to adapt to the conditions
of conjugating into M. algicola. This process leveraged the construction of vectors from the same
backbone as those used in promoter-probe assays, and suggests that other antibiotic genes could
also be used in this system.

Various promoter systems were tested in M. algicola to investigate their strength and efficacy
in this species. The induced strains generally demonstrated a considerably higher normalised
fluorescence ratio, with the exception of RhaSR pRha. Specifically, the AraC-pBAD promoter
system in pTN10 was identified as most effective, showing the strongest gene expression and
responsiveness to induction. The Pm wt and PmG5 system, pTN7 and pTN11 respectively, showed
moderate promoter activity in induced strains. AntR-Pant in pTN13 exhibited moderate gene
expression in induced strain and maintained a consistent stationary phase, identifying it as a
potentially precise and well-regulated promoter in M. algicola. Promoters, LacI-Ptrc in pTN8,
and RhaSR pRha in pTN14, showed low induction effects, indicating low efficiencies in M. algicola
under the tested conditions.

The results of gene expression in M.algicola were compared with similar experiments done in P.
fluorescens to assess the versatility of the promoter systems. The promoters performed well in P.
fluorescens but did not exhibit the same efficiency in M. algicola, highlighting the importance of
testing and optimising promoter systems for each specific bacterial host.

In further work one of the long-term goals is implementing homologous recombination, enabling
the precise insertion of the genetic elements of the plasmids into the bacterial genome. This would
aim to incorporate the desired plasmid genes into the host chromosome, providing a more stable
and heritable sequence. By integrating the plasmid’s genetic material into the genome, concerns
about plasmid loss are eliminated, and control of expression by induction of these genes can be
achieved. The inducible AraC-pBAD promoter system from this thesis could potentially control
trfA expression, ensuring precise control of plasmid replication, while the AntR-Pant system is
suitable for regulating toxic marker genes, balancing expression and host cell viability inM. algicola.

To gain more insight into which type of promoter systems are compatible with M. algicola, a
thorough examination of various promoter systems would be beneficial. New systems could be
tested and compared under different induction concentrations, times, and in specialised media to
identify the a more effective promoter for use in M.algicola. Exploring multiple promoter systems
will provide more options for controlling gene expression under specific conditions for M. algicola.

Additionally, testing the constructed plasmid systems across a broader range of bacterial strains
is essential for understanding their characteristics and performance in diverse environments. This
step will provide insights into the versatility and adaptability of the plasmids, ensuring that they
can be effectively used in various strains and applications, ultimately achieving the goal of a
versatile and flexible toolbox.

Further work on these areas will bring the development of our conditional suicide plasmids closer
to achieving the goal of a flexible and versatile genetic toolbox.
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Appendix

A Solutions and medium

Agarose solution
8 g/l LE agarose
TAE buffer
50 µl GelGreen
TAE buffer was added to the LE agarose and
heated in the microwave until dissolved. Then
GelGreen was added, and the solution was
stored at 60°C.

Ligation mix
14 µl insert DNA
3 µl vector DNA
2 µl 10x ligase buffer (T4 ligase)
1 µl T4 ligase
Ligate from 3 h to ON at 16°C.

Luria Agar (LA)
5 g/l NaCl
5 g/l Yeast extract
10 g/l Tryptone
15 g/l bacteriological agar
Autoclaved at 121°C for 20 min
Antibiotics added post-autoclaving

Luria Broth (LB)
5 g/l NaCl
5 g/l Yeast extract
10 g/l Tryptone
Autoclaved at 121°C for 20 min.

PCR reaction mixture
10 µl 5x NEB Q5 Reaction Buffer
1 µl dNTP mix (10 mM)
2.5 µl Forward Primer (10 µM)
2.5 µl Reverse Primer (10 µM)
1 µl Template DNA
10 µl 5X Q5 High GC Enhancer
0.5 µl NEB Q5 High-fidelity DNA polymerase
22.5 µl Autoclaved RO-water
NEB Q5 High-fidelity DNA polymerase is added
lastly, just before strating the reaction. Primers
used in this project are presented in Table 9.

Psi Medium
0.5% yeast extract (5 g/l)
2% tryptone (20 g/l)
0.5% MgSO4 (5 g/l)

pH was adjusted to 7.6 with 1 M KOH, and
solution were autoclaved at 121°C for 20 min.

Restriction cut mix:
100 - 200 ng DNA
2 µl buffer µl
0.5 enzyme
Water added until solution is 19.5 µl
Incubate at 37°C for 1 h or ON.

Super Optimal Broth (SOC)
20 g/l Tryptone
5 g/l Yeast extract
0.5 g/l NaCl
2.5 mM KCl
3.6 g/l Glucose
5.08 g MgCl2
The SOC media was sterilized by filtration, and
stored in 1.5 ml tubes at -20°C ready for use.

Standard ladder:
16.7 µl λ-DNA
10 µl buffer
70 µl RO-water
2 µl enzyme (PstI or HindIII)
Incubate at 37°C for 1 h or ON.

Transformation Buffer 1 (TFB1)
0.588 g potassium acetate
2.42 g rubidium chloride
0.294 g calcium chloride
2.0 g manganese(II) chloride
30 ml glycerol
The pH adjusted to 5.8 with diluted acetic acid
(10%)
The solution sterilized by filtration

Transformation Buffer 2 (TFB2)
0.21 g MOPS
1.1 g Calcium chloride
0.121 g Rubidium chloride
15 ml Glycerol
The pH adjusted to 6.5 with diluted NaOH
The solution sterilized by filtration
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B λDNA standard ladders

In this thesis, two different λ DNA ladders are utilized as reference markers to accurately determine
DNA fragment sizes in gel electrophoresis. These ladders are derived from λ phage, a virus that
infects bacteria. The λ DNA ladder is produced by digesting lambda phage DNA with specific
restriction enzymes, such as PstI and HindIII, which were used in this project. These enzymes,
as illustrated in Figure 39, cut the DNA at specific recognition sites. The resulting fragments
of different sizes, serves as markers to determine the size of unknown DNA fragments during gel
electrophoresis[120].

(a) Gel electrophoresis with λ PstI DNA stand-
ard.

(b) Gel electrophoresis with λ HindIII DNA
standard.

Figure 39: λ DNA ladders, HindIII and PstI, were used as reference markers in gel electrophoresis.
Composition and method is listed in Appendix A
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C Genetic materials

Primer Sequence (5’ to 3’)
TcSbf AGT GGG CAG ATC TTC GAA TG
TcSgrDI TAA GAT CGT CGC TAC ATG GCT CTG CTG TAG TG
KmSbf CTT CCT GCA GGG AAA GCC ACG TTG TGT CTC
KmSgrDI TAA CAT CGT CGA CGC CCG TCA AGT CAG CGT AAT G
AmNsiSbf ATG CAT CCT GCA GGT TGC AAC AGT GCC GTT GAT CGT G
AmSgrDI CGT CGA CGT TGT AAA ACG ACG GCC AGT G
SpF ACG TAG CCG AAG CTG CAC TG
SpSgrDI GTA ACT CGT CGA CGG CGT CGG CTT GAA CGA ATT G
m13 Forward GTA AAA CGA CGG CCA G
m13 reverse CAG GAA ACA GCT ATG AC

Table 9: Primer sequences used in this project

Restriction enzymes Recognition sequences

DraI
5’-TTTAAA-3’
3’-AAATTT-5’

DraIII
5’-CACNNNGTG-3’
3’-GTGNNNCAC-5’

EcoRI
5’-GAATTC-3’
3’-CTTAAG-5’

HindIII
5’-AAGCTT-3’
3’-TTCGAA-5’

NcoI
5’-CCATGG-3’
3’-GGTACC-5’

NsiI
5’-ATGCAT-3’
3’-TACGTA-5’

PstI
5’-CTGCAG-3’
3’-GACGTC-5’

SalI
5’-GTCGAC-3’
3’-CAGCTG-5’

Sbf1
5’-CCTGCAGG-3’
3’-GGACGTCC5’

SgrDI
5’-CGTCGACG-3’
3’-GCAGCTGC5’

XhoI
5’-CTCGAG-3’
3’-GAGCTC-5’

XmaI
5’-CCCGGG-3’
3’-GGGCCC5’

Table 10: Overview of recognition sites and cutting patters of all restriction enzymes used in this
study. The cutting patters for each enzyme are indicated in red colour.
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D Setup of growth and fluorescence plates

The different setup of 96 well plates are illustrated in Figure 40 where the wells are labeled according
to the plasmid conjugated into M. algicola. All plates were cultivated at 30°C to ensure optimal
growth conditions for M. algicola. The ”blank” wells contained LB medium with Am.

Figure 40: Illustration of plate setup for measuring growth and fluorescence intensity in 96-well
plates.
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E Raw data for growth and fluorescence analysis

OD600 measurements

The following tables present the OD measurements for the growth analysis of the different plasmids
conjugated in M. algicola. These measurements were taken in three parallels at regular intervals
to observe bacterial growth, with the plate setup shown in Appendix D.
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Figure 41: Raw data of the OD measurements done every other hour for each strain. The colours
indicate which strains were cultivated on the same 96-plates.
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Fluorescence intensity measurements

The tables below show the fluorescence intensity measurements for the analysis of gene expression
in M. algicola containing different plasmids. These measurements were taken in three parallels and
normalized to OD to account for variations in cell density, which is calculated in Section E. The
plate setup is shown in Appendix D.
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Figure 42: Raw data of the FI measurements done every other hour for each strain. The colours
indicate which strains were cultivated on the same 96-plates.
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Calculation of FI/OD, means and standard deviation

The standard deviation is calculated using the formula:

σ =

√∑
(xi − µ)2

N − 1

Where xi are the individual measurements, µ is the mean of the measurements, and N is the
number of measurements, is this thesis N= 3.

In Excel, the function STDEV.P was used to calculate the standard deviation directly for each time
point.

Figure 43: Calculated mean of the data gathered from fluorescence intensity and optical density
values for each strain every other hour.
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Figure 44: Calculated standard deviations of the fluorescence intensity and optical density values
for each strain every other hour.

Further, to calculate the standard diviation of the FI/OD relation, SDR, the following equation
was used:

SDR =

∣∣∣∣ F̄ I

ŌD

∣∣∣∣
√(

SDFI

F̄ I

)2

+

(
SDOD

ŌD

)2

Where:
F̄ I = Mean value of the FI measurements.
ŌD = Mean value of the OD measurements.
SDFI = Standard deviation of the FI measurements.
SDOD = Standard deviation of the OD measurements.

This formula quantifies the uncertainty of the ratio FI
OD based on the individual uncertainties of

FI and OD, and the calsulations are shown in Figure 45.

Figure 45: Calculated standard diviationsof the normalised fluorescense values for each strain.
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F Constructed plasmid maps

Figure 46: pTN3 plasmid constructed in pre-
vious work[5], derived from pSV2 and tetra-
cycline resistant and used as backbone for
plasmids constructed in this thesis.

Figure 47: pTN4 constructed from pTN3
backbone and an insertion of an apramycin
resistance gene.

Figure 48: pTN5 constructed from pTN3
backbone and an insertion of a kanamycin
resistance gene.

Figure 49: pTN6 constructed from pTN3
backbone and an insertion of a spectinomy-
cin resistance gene.
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Figure 50: pTN7 derived from pSV2 and
pTN4.

Figure 51: pTN8 derived from pSV3 and
pTN4.

Figure 52: pTN9 derived from pSV4 and
pTN4.

Figure 53: pTN10 derived from pSV5 and
pTN4.

76



Figure 54: pTN11 derived from pSV6 and
pTN4.

Figure 55: pTN12 derived from
pHH108 and pTN4.

Figure 56: pTN13 derived from pAFW4 and
pTN4. Figure 57: pTN14 derived from pAFW5 and

pTN4.
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G Alligned sequencing results of plasmids

Sequencing results for the constructed plasmids are presented below, where the first line shows
the template DNA. Subsequent lines display the sequences obtained from different primers used
for the specific analysis, which are detailed in Appendix C. For the pTN5T , two samples were
included in the alignment so that at least one always displays the correct base pair within the Km
gene. Further the sequencing of pTN5 confirms the correct sequencing without any mismatches or
mutations of base pairs were present within the resistance gene.

The genes of interest for the plasmids span the following base ranges: pTN4 (AmR) from 3352 to
4167, pTN5T (KmR) from 3285 to 4100, pTN5 (KmR) from 3427 to 4242, and pTN6 (SpR) from
1029 to 1820.
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