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Abstract

The gram-negative and strictly respiratory facultative lithoautotrophic bacterium Ral-
stonia eutropha H16 has attracted significant interest due to its ability to grow on H, and
CO, as sole energy and carbon source in the past years. An effective regulatory system
enables R. eutropha H16 to live under different habitant conditions and to switch be-
tween heterotrophic and autotrophic growth modes. This makes it a model organism for
studying important control mechanisms during autotrophic CO, fixation, hydrogen oxida-
tion and denitrification. Furthermore, the ability to grow to high cell densities (up to 200 g
dry weight/L) during litoautotrophic or heterotrophic conditions has made R. eutropha
H16 to a favored production organism with high biotechnological potential. Due to the
lack of transport capacities for inducers like lactose or IPTG only rather complex inducible
expression system for heterologous gene expression are reported.

In order to establish a simple expression system, which is applicable under various growth
conditions, new expression vectors for R. eutropha H16 with different replication systems
using the P, as constitutive promoter, the kanamycin resistance gene as selective antibi-
otic marker and egfp as reporter gene to monitor protein expression, were designed. The
main focus of this work was the comparison of different origins of replications and their
effect on the protein expression, as well as the application in R. eutropha H16. A set of
four new expression vectors containing different replication origins and a partitioning
function were constructed and their stable maintenance in R. eutropha H16 was proved.
Possible effects of the origins on the protein expression levels were compared by the de-
termination of expressed eGFP, applying diverse detection methods like SDS-PAGE, West-

ern Blot analysis and the measurement of fluorescing units.



Zusammenfassung

Das gram-negative und streng fakultativ lithoautotrophe Bakterium Ralstonia eutropha
H16 hat in den letzten Jahren signifikant an Interesse gewonnen, da es mittels H, und CO,
als einziger Energie bzw. Kohlenstoffquelle wachsen kann. Ein effektives Regulationssys-
tem ermoglicht R. eutropha H16 das Wachstum unter verschiedenen Bedingungen, sowie
den Wechsel zwischen heterotrophen und autotrophen Wachstumsmodi. Dadurch wurde
es zu einem Modellorganismus fiir die Analyse von wichtigen Kontrollmechanismen bei
der autotrophen CO,-Fixierung, Wasserstoffoxidierung und Denitrifizierung. Die Fahigkeit
wahrend lithoautotrophen oder heteroautotrophen Bedingungen zu sehr hohen Zelldich-
ten (bis zu 200 g Trockengewicht/L) anzuwachsen hat dazu beigetragen hat, dass aus R.
eutropha H16 ein beliebter Produktionsorganismus mit hohem biotechnologischem Po-
tential wurde. Wegen fehlender Transportsysteme fiir Laktose oder IPTG sind aber haupt-
sachlich komplexere induizierbare Expressionssysteme beschrieben.

Um ein einfacheres Expressionssystem fiir verschiedene Wachstumsbedingungen zu etab-
lieren wurden neue Expressionsvektoren fiir R. eutropha H16 mit unterschiedlichen Repli-
kationsurspriingen designt, sowie mit Pty als konstitutiven Promoter, dem Kanamycin-
Resistenzgen als selektiven Antibiotikamarker und egfp als Reportergen zur Kontrolle der
Proteinexpression. Im Hauptfokus der Arbeit stand der Vergleich moglicher Effekte von
verschiedenen Replikationsurpriingen auf die Proteinexpression und die Ermittlung eines
geeigneten Replikationssystems fiir R. eutropha H16. Mittels der unterschiedlichen Repli-
kationsurspringe und einem Partitionierungssystem wurde ein Set von neuen Expressi-
onsvektoren konstruiert, die in R. eutropha H16 stabil replizierten. Mogliche Effekte der
Replikationssurspriinge auf die Proteinexpressionslevel konnten durch die Bestimmung
des exprimierten eGFPs verglichen werden. Hierbei wurden verschiedene Detektionsme-
thoden, wie SDS-PAGE, Western Blot und die Messung der Fluoreszenzeinheiten ange-

wendet.
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1 Introduction

1.1 Ralstonia eutropha H16

The gram-negative and respiratory facultative lithoautotrophic soil and freshwater bacte-
rium Ralstonia eutropha H16 belongs to the family Burkholderiaceae of the B-Proteobacteria
[1], [2]. In the past years R. eutropha H16, also known as Alcaligenes eutrophus and Cu-
priavidus nector, has attracted significant interest due to its ability to grow on H;, and O, as
sole energy source and to fixate CO, via the Calvin—Benson—Bassham cycle [3]. During ab-
sence of oxygen the organism can switch to denitrification by using nitrate as alternative
electron acceptor [4]. Furthermore R. eutropha H16 is capable of producing and storing large
amounts of poly[R-(—)-3-hydroxybutyrate] (up to 80% of its dry cell mass) in specialized stor-
age granules during carbon excess and growth-limiting conditions like the lack of oxygen or
nitrogen [5]. Therefore it became a favored organism for the industrial production of biode-

gradable polyesters.

For a better understanding of the remarkable versatility and its biotechnological potential
the multiple replicon genome of R. eutropha H16 was analyzed [6], [7]. The complete nucle-
otide sequence consisting of three replicons - chromosome 1 (4,052,032 bp), chromosome 2
(2,912,490 bp), and the megaplasmid pHG1 (452,156 bp) - is known. Analysis of the distribu-
tion of genes from major functional categories revealed that most key functions for DNA
replication, transcription and translation are encoded on chromosome 1, as well as im-
portant genes for the heterotrophic carbon metabolism. Typical substrates for heterotrophic
growth are sugar acids like gluconic acid and other organic, fatty or amino acids.[6] Regard-
ing the sugar metabolism necessary genes for the Entner-Doudoroff (KDPG) pathway are
located on chromosome 2. However, the possible substrate spectrum of sugars for the H16
strain is limited to fructose [8]. The incapability of degrading glucose was justified with the
lack of an active transport system [9].

Several genes for anaerobic growth on nitrate and nitrite as well as for the degradation of
aromatic compounds had been located on chromosome 2 as well as on the megaplasmid
pHG1 [7], [10]. In addition, the pHG1 megaplasmid harbors also important genetic determi-

nants for two energy-conserving [NiFe]-hydrogenases of the H,-oxidizing system: a cyto-
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plasmic, NAD*-reducing soluble hydrogenase (SH), and a dimeric membrane-bound hydro-
genase (MBH) linked to the respiratory chain [11-13]. During lithotrophic growth R. eu-
tropha H16 is also able to fixate CO, via the Calvin-Benson-Bassham (CBB) cycle. The genetic
information of the key enzyme, the ribulose 1,5-bisphosphate carboxylase/oxygenase are
encoded on duplicate cbb operons, located on the megaplasmid and on chromosome 2 [11],
[14].

An effective regulatory system enables R. eutropha H16 to live under different habitant con-
ditions and to switch between heterotrophic and autotrophic growth modes. This makes it a
model organism for studying control mechanisms during autotrophic CO, fixation, hydrogen
oxidation and denitrification. Furthermore, due to its ability to grow to high cell densities (up
to 200 g dry weight/L) during litoautotrophic or heterotrophic conditions R. eutropha H16
has become a favored production organism with high biotechnological potential [15]. In or-
der to use R. eutropha H16 for the expression of heterologous genes an appropriate regula-
tory expression system is required. Several attempts applying constitutive expression sys-
tems, based on broad-host-range plasmids and using the Tac or Lac promoter, for the ex-
pression of heterologous genes in R. eutropha H16 were already performed [16] [17] [18].
Due to the lack of transport capacities for inducers like lactose or IPTG expression systems
were not inducible [8], [9]. However, other expression system employing different promot-
ers like the Pynac Or Pohap derived from R. eutropha H16 itself based on nitric oxide or hydro-
gen activation or the ace promoter induced by acetamidase were already reported [18-21].
Although these expression systems allow an inducible and tightly controlled expression the
complex inducible systems prohibit their application as simple expression system in R. eu-
tropha H16 under various growth conditions. In order to generate a simple expression sys-
tem for R. eutropha H16 vectors using the P, or the P, as constitutive promoter were de-
signed. The focus during this work was laid on the utilization of different origins of replica-

tion.

1.2 Origins of replication for expression vectors for R. eutropha H16

The basis for a successful and simple expression system for R. eutropha H16 are inde-

pendently replicating elements — so called mini-replicons — which ensures the efficient repli-



Introduction 3

cation and also the stably maintenance of the whole expression system in the desired strain.
In order to be stably maintained and to minimize the metabolic load the replication of a
plasmid has to be tightly controlled. Therefore the copy number of a plasmid is dependent
on the given host and also on cell growth conditions. However, every particular plasmid has
a characteristic copy number, which is achieved by plasmid-encoded control elements regu-
lating the initiation of the replication [22]. The essential regions for a successful and tightly
controlled replication harbors the following genes and loci: (i) the characteristic origin of
replication (ori), (ii) the replication initiation protein (Rep protein) binding to cognate sites in
the ori (which is not encoded in all plasmids), (iii) the plasmid-born genes involved in the
control of the replication. In general, three different mechanisms for the replication of circu-
lar plasmid are known: the theta type, strand displacement and rolling circle. In gram-
negative bacteria theta-replicating plasmids and strand displacement plasmids seemed to
occur more often, whereas rolling circle plasmids are mainly derived from gram-positive bac-

teria [22].

The origins of replication used during this work originating from the RK2 (IncP family) and
the RSF1010 (IncQ family) broad-host-range plasmids belong to the theta-type and the
strand displacement type, respectively. The origin of replication from the pBBR1 broad-host-
range plasmid does not belong to any of the incompatibility groups. It was also applied for
the expression vector in R. eutropha H16. The replication mechanism of the pBBR1 plasmid
is still unknown. In the next points the mechanisms of the applied origins of replications and

their original plasmids are discussed in more detail.

1.2.1 REP origin of replication from pBBR1

The first origin of replication for the expression vectors for R. eutropha H16 originated from
the broad-host-range plasmid pBBR1, which was isolated from the gram-negative bacterium,
Bordatella bronchiseptica. The rather small plasmid (2.6 kb) consists of two functional cas-
settes: the region involved in plasmid replication, called Rep and the Mob region which is
involved in mobilization processes. Sequence similarities between the Mob sequence and
Mob/Pre proteins from plasmids of gram-positive bacteria led to the assumption that the
replication mechanism of the Rep region may also be similar to the mechanism of gram-

positive bacteria. However, no single-stranded intermediate form and no sequence similari-



Introduction 4

ties between the pBBR1 sequences and sequences involved in the rolling-circle mechanism
could be observed. Therefore the rolling-circle mechanism could be excluded from the pos-
sible replication mechanisms for the pBBR1 plasmid. Regarding the whole pBBR1 sequence a
high overall G+C content was shown, with regions with exceptionally high A+T content in
between. One of these A+T rich regions located upstream of the Rep open reading frame
contained also two different pairs of direct repeat [23], [24]. This area seems to be involved
in the replication, but further studies for the definitive identification of the replication

mechanism of the pBBR1 plasmid are necessary.

Due to its medium copy number (up to 10 copies per cell in Bordatella species) the plasmid
seems to be stably maintained in several gram-negative bacteria [23], [25], [26]. Via the ad-
dition of the pBluescript® Il KS-LacZa-polylinker and several antibiotic resistance markers
Kovach et al. constructed the pBBR1MSC derivates [16], [24]. They have been applied in a
variety of gram-negative bacteria, like R. eutropha H16, for the development of genetic sys-

tems, generation of polyhydroxyalkanoates and biocatalysts [18], [27-29].

1.2.2 0riV393/632 from the RK2 broad-host-range plasmid

As second origin of replication for the set of expression vectors the oriV sequence from the
broad-host-range RK2 plasmid was applied. The 60 kb RK2 broad-host-range plasmid (also
known as RP1, RP4, R18 and R68) belongs to the IncPa incompatibility group [30], [31]. Due
to its broad-host character the RK2 plasmid replicates and is stably maintained in a great
variety of gram-negative bacteria. In Escherichia coli it replicates with a copy number of four
to eight and in Pseudomonas of 2 to 3 [32]. Via the analysis of the complete nucleotide se-
quence the different coding regions, operons and genes from the RK2 plasmid were identi-
fied: the vegetative replication region (oriV) as well as a gene encoding replication initiation
protein (trfA), regions for the conjugational transfer (oriT, Tra), a region encoding a multimer
resolution system and postsegregational killing function (psk/mrs), a central control region
(ccr) for encoding and combining partitioning functions and genes encoding for the three
antibiotic resistance genes kanamycin, ampicillin and tetracycline [30], [33], [34]. All listed

regions including specific genes and sequences are marked in Figure 1.
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Figure 1: Map of RK2 plasmid; indicated are regions for plasmid replication, partitioning and stable mainte-
nance: the vegetative replication region (oriV) with the gene for replication initiation protein (trfA), regions for
the conjugational transfer (oriT, Tra), a region encoding a multimer resolution system and postsegregational
killing function (mrs/psk), a central control region (par/ccr) for encoding and combining partitioning functions
and three antibiotic resistance genes Km', Ap', Tc'. On the right site: the replication motifs of the oriV consisting
of four DnaA boxes for binding of DnaA protein during replication, eight repeated iteron sequences (sets of
three and five) for binding the initiation protein trfA, the AT-rich region for the initial helix stabilization and
helicase binding and the GC-rich region; At the bottom: the genes encoding the replication initiation protein
(trfA) and a single strand binding protein (ssb) as well as the gene for global requlatory protein trbA; Picture
taken from [35].

For the successful replication of the RK2 plasmid the region of the vegetative origin (oriV)
the trfA (trans-acting replication function) locus upstream of the oriV encoding the replica-
tion imitation protein TrfA is required [34]. The whole regulation of the replication, partition-
ing and transfer system in the RK2 plasmid is tightly regulated via local control circuits and
the global network controlled by the four repressors KorA, KorB, KorC (located in the ccr)
and TrbA. [33] Additionally, a multimer resolution system is included via the Par/Mrs region
which has efficient stabilizing effects on the RK2 plasmid during cell division in many gram-
negative bacteria [30]. The genes of the par region will be discussed in more detail in the
following chapter 1.3. A series of kil genes — either host-lethal (kilA, B, C) or interfering with
plasmid maintenance (kilD) — and the corresponding kor genes for their regulation are locat-
ed on the RK2 plasmid. Furthermore KorA/D and KorB seem to act as negative regulatory
element for the trfA operon, controlling the copy number [36], [37]. However, neither Kil nor

Kol seem to be essential for a successful plasmid replication. Studies revealed that a RK2-
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minireplicon consisting only of oriV and the trfA operon (trfA, ssb) is able to replicate in

many bacterial species, like Escherichia coli and Pseudomonas putida [35] [38].

After the determination of the nucleotide sequence of the minimal replicon a 617 bp Haell
restriction fragment was identified as oriV of the RK2 plasmid [39]. The replication mecha-
nism of the RK2 plasmid belongs to the group of the theta-replicating plasmids. Within the
oriV sequence eight 17-bp direct repeats (iterons) organized in two clusters of five and three
iterons respectively are present. These highly conserved direct repeats are the binding sites
for the replication initiation protein TrfA, providing a structural scaffold for the formation of
replication initial complex [40]. Additionally, a 9 bp sequence serving as binding sites for the
bacterial chromosome replication initiation protein DnaA is located between the two iteron
clusters. For the initiation of DNA synthesis — opening of the double helix through initial de-
stabilization - a specific region with a high adenosine and thymine content (AT-rich region)
and low internal thermodynamic stability is required. The AT-rich region is located down-
stream from the 5-iteron, before the GC-rich region. Beside the oriV the trfA operon con-
taining the trfA promoter Py, the trfA gene and the coding sequence for a single strand
binding protein ssb are necessary for replication and stable maintenance [39]. (See Figure 1
and Figure 2) The trfA protein exists in two forms, differing in their molecular weight: 33 and
44 kDa. Both forms bind specifically to the two iteron clusters in the oriV and are active in
plasmid origin opening [41-43]. In E. coli and Pseudomonas putida the smaller TrfA-33 was
sufficient for plasmid replication, whereas Pseudomonas aeruginosa required the larger

TrfA-44 protein for efficient replication [44].

Within the 617 bp oriV sequence a smaller 393 bp long Hpall restriction fragment was de-
tected which is required for replication in E. coli. The 393-bp minimal origin consists only of
the three essential regions for the initiation of replication: a cluster of five interons for bind-
ing the trfA protein, four DnaA binding boxes for binding the DnaA proteins and the AT-rich
region serving as initial site for helix stabilization. The deletion of the set of three iterons
located upstream of the minimal origin seemed to result in an increase of the copy number
of the RK2 derivates [39], [45]. In Figure 2 the minimal replicon of the RK2 plasmid as well as

the minimal origin functional in E. coli and Pseudomonoas aeruginosa are shown [35].
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Figure 2: Minimal replicon of RK2 plasmid consisting of the oriV, the tetracycline resistance gene (marked with
the black arrow) and the trfA operon. oriV: four DnaA boxes (black arrow box) for binding of DnaA protein dur-
ing replication, eight repeated iteron sequences (sets of three and five, white arrow boxes) for binding the initia-
tion protein trfA, the AT-rich region (black arrows) for the initial helix stabilization and helicase binding and the
GC-rich region; trfA operon: promotor for trfA protein (Pyq), genes of replication initiation protein (trfA) and of
single-strand binding protein (ssb); For the minimal origin in E.coli and P. putida the cluster of three iterons
located upstream in the oriV are not necessary; Picture taken from [35].

The 617 bp long oriV sequence of RK2 was already determined to be replicating in R. eu-
tropha H16 [46]. Although the function of the smaller 393 bp oriV fragment was proved in E.
coli and P. putida, the presence of the adjacent iteron cluster seemed to confer a stronger

expression, tighter regulation of the copy number and an increased stability [45], [47], [48].

During this work both sequences of the oriV from the RK2 plasmid — the 617 bp and 393 bp
sequence — were applied together with the trfA operon as origin of replication for expression

vectors in R. eutropha H16.

1.2.3 RSF1010

The origin of replication the RSF1010 ori originating from the RSF1010 plasmid was applied
for the expression vectors for R. eutropha H16. The small RSF1010 plasmid (8.7 kbp, similar
to the R1161 plasmid) belongs to the IncQ incompatibility group. With a copy number of 10
to 12 copies per cell in E. coli the RSF1010 plasmid is a rather high copy number broad-host-
range plasmid [49], [50]. The RSF1010 plasmid as well as its mini-replicon were already

proved to replicate and stably maintained in R. eutropha H16 [13], [51], [52].

The basic structure of the RSF1010 replicon consists of two trans-acting regions and one cis-
acting region, which are separated by mobilization genes and a transfer origin oriT [53]. The
cis region containing the origin regulates replication and determines incompatibility. It con-
sists of three and a half identical iterons of 20 bp, which serve as binding sites for the RepC

protein, plus a 174-bp region with a GC-rich stretch of 20 bp and an AT-rich sequence of
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31 bp. The structure of this region is similar to regions in the origin of the RK2 plasmid [22],
[54], [55]. Additionally a large inverted repeat is present in the cis region, containing two
plasmid-specific single- strand DNA initiation signals (marked as ssiA and ssiB) which are rec-
ognized by the RepB primase [56]. Three necessary proteins RepA, RepB, RepC for the repli-
cation initiation and for plasmid copy-number control are encoded in the two trans regions
of the RSF1010 basic replicon [57]. The repA and repC are located in the same operon in the
first trans region, whereas the nucleotide sequence for RepB and the larger form RepB* is
harbored on another regulator unit in the second trans region. Rep A encodes for a helicase
and possesses ATP dependent ssDNA binding activity, RepB have RSF1010 specific primase
activity and RepC encodes for a dsDNA binding protein which regulates replication initiation
by binding to the three direct repeats in the oriV [49], [58]. After the expression of the Rep
proteins they cooperate with each other and bind to the cis region, containing the single-
strand DNA initiation signals and the oriV. Between the rep genes the origin of conjugational
DNA transfer oriT as well as the mob genes (ABC) encoding trans-active proteins for plasmid
mobilization are located [59]. Furthermore the genes for two small proteins, designated as
protein E and protein F, a control gene for the repA/C promoter also known as cac (= control
gene for repA and repC) are located between repA and repB. The latter represents a re-
pressor protein for the expression of repA and repC, hence regulating the initiation frequen-
cy of the oriV and the copy number of the RSF1010 plasmid. The function of protein E is still
unknown [58], [60]. In Figure 3 the map of the RSF1010 replicon with all mentioned genes

and special regions is shown [35].
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Figure 3: Map of the RSF1010 origin of replication: the origin of replication oriV sequence, containing the 20 bp
iterons (white arrow boxes) for binding the RepC, the two single-strand DNA initiation signals (ssiA and ssiB)
which are important for replication initiation, and the G/C and A/T rich region; the coding region for the replica-
tion initiation proteins RepA (helicase activity), RepB (primase activity), RepC (recognition of oriV), the origin of
conjugational DNA transfer oriT, the mob genes mobA, mobB, mobC and the genes for the small proteins E
(unknown function) and cac (repressor protein); picture taken from [35].

The RSF1010 replicon is replicated by the strand displacement mechanism. As initial step
during the replication process the RepC protein binds to the iterons located in the origin and
introduce conformational changes leading to DNA unwinding in the adjacent AT-rich region.
During this DNA melting the plasmid-specific helicase RepA enters and unwinds the DNA of
the flanking region, which contain the large inverted repeat with the two single-stranded
DNA initiation site ssiA and ssiB [57]. The exposure of the ssiA and ssiB sites is necessary for
the RepB primase to initiate replication. For the elongation of the replication the helicase
activity of RepA is required. The combination of the three plasmid replication proteins RepA,
RepB and RepC makes the replication initiation of the RSF1010 is independent of host repli-

cation factors like DnaA, DnaB, DnaC and DnaG [22].

Beside the necessary genes for replication the RSF1010 replicon carries also important genes
encoding proteins for conjugative mobilization. The mobilization proteins MobA, MobB and
MobC, as well as the transfer starting point, the origin of transfer (oriT), are encoded on the
RSF1010 replicon [59], [61], [62]. During the mobilization process the DNA strand is knicked
in the so-called nic site of the oriT, and the interrupted single DNA strand is than exported
with its 5’end to a recipient cell [63] [64]. The MobA protein is responsible for the generation
of the nic and forms a stable complex between the superhelical or linear RSF1010 DNA and
the MobB and MobC proteins — the relaxation complex or relaxosome [65]. The binding of
MobC, which is present in multiple copies on the relaxosome, cause a destabilization and

opening of the double-stranded DNA helix. This facilitates the interaction of the MobA pro-
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tein with the double stranded nic sequence and the cleavage of the active strand [65], [66].
The MobB protein seems to have a stimulartory function and its presence increases the yield

of nicked protein [65].

However, plasmids carrying mobilization genes (Mob) and the oriT are not able to promote
their own transfer unless an appropriate conjugation system is provided by a helper plasmid
or is encoded on the chromosome of the donor strain. The additional proteins for the trans-
fer (encoded via the tra genes) are involved in the formation of a pore or pilus, which ena-
bles the single-stranded DNA to enter the recipient strain [67]. A possible donor strain which
has been already applied several times for the conjugation in R. eutropha H16 is the Esche-
richia coli S17-1 strain which has chromosomally integrated conjugal transfer functions, the

tra genes from the RK2 plasmid [68-71] .

1.3 Par-Sequence from RK2 plasmid

In order to assure stable maintenance in the bacterial host strain plasmids utilize different
control mechanisms, like copy number control, active partitioning systems and multimer
resolution or postsegregational killing systems [72], [73]. Plasmids with lower copy numbers
often inherit functions for an active partitioning system. First attempts applying the origin of
replication of the pBBR1 plasmid in a new designed expression vector revealed some stabil-
ity problems in E. coli. Furthermore, for the second origin of replication, the RK2 mini-
replicon, some maintenance problems have already been reported in literature [46], [74],
[75]. Therefore an appropriate partitioning sequence facilitating the plasmid replication and
improving the plasmid maintenance in E. coli and R. eutropha H16 was needed. The RK2
broad-host plasmid possesses such a partitioning sequence, the so called par region as al-
ready mentioned in 1.2.2. Independent from its orientation the par region functions in sev-
eral gram-negative bacteria. After cloning in different replicons, like the pBR322, its stabiliz-
ing effect resulted in 100% plasmid maintenance for more than 200 generation under nonse-
lective growth conditions [74]. The par region consists of two operons parABC and parDE
coding for five different proteins. The parA gene encodes a resolvase which can be translat-
ed from two different start codons, resulting in ParAl or ParA2. For ParB endonuclease activ-

ity was determined, whereas the function of ParC is still unknown. Together these proteins
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contribute to an active partitioning complex, which resolves plasmid multimers [76]. The
parDE operon encodes a postsegregational killing system, which prevents the generation of
plasmid-free segregants during cell division. The ParD protein serves as antitoxin for the neu-
tralization of the toxic effects of the ParE protein [77]. In Figure 4 the direction of the differ-

ent par genes is shown.

Par A1
Par A2I‘ Par B IPar C ’Par D ParE

S — | Gm )
<

m——)

4.

PAR

Figure 4: Schematic map of the par region from the RK2 plasmid: the region is organized in the two operons
parABC and parDE encoding five proteins: ParA (encodes a resolvase), ParB (possesses nuclease activity), ParC
(unknown function), ParD (antitioxin for ParE), ParE (toxic protein). The combination of ParA, ParB and ParC
function as plasmid partitioning system, whereas ParD and ParE form a postsegregational killing system to
ensures that plasmid-free daughter cells do not survive after cell division.

1.4 eGFP as reporter gene

The enhanced green fluorescence protein (eGFP) was selected as reporter gene in order to
monitor the expression level of the designed expression vectors in R. eutropha H16. Several
studies applying eGFP as reporter gene or using eGFP for the generation and detection of

fusion proteins have been already accomplished [78—80].

EGFP is a modified variant from the wild type green fluorescent protein (GFP) which was
isolated from the jellyfish Aequorea victoria [81]. The amino acid sequence of eGFP was
modified in four positions compared to the wild type GFP in order to improve the intensity
of the emission signal. The whole sequence was prolonged from 238 amino acids in the wild
type GFP to 239 amino acids by adding a valine at position two. At position 64 and 65 a phe-
nylalanine and a serine are exchanged with a leucine and threonine, respectively. At position
231 the last amino acid change in the sequence was performed via the replacement of a his-
tidine with a leucine [82], [83]. Fluorescence microscopy using the optimum excitation wave-
length of 488 nm is a quite fast and convenient method to proof the expression of the eGFP

as reporter gene.
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1.5 Aim of this work

The aim of this work was the construction of new expression vectors to facilitate heterolo-
gous gene expression in R. eutropha H16, with the main focus on the applied origin of repli-
cation. The research group of Petra Kofinger started with the construction of the pKR-
Tac/Lac vectors, containing the REP origin of replication form the pBBR1 plasmid, the Tac or
Lac promoter, the kanamycin resistance gene, the lacl repressor gene and egfp as reporter
gene. However, due to the fact that R. eutropha H16 is lacking necessary transporter sys-
tems for sugars like lactose or the synthetic inducer IPTG an inducible expression system
based on the Lac operon was not possible [8], [84]. Therefore the lacl gene was no longer
required and removed from the vector. Furthermore, occurring stability and maintenance
problems of the vectors in E. coli Top 10, as well as in R. eutropha H16 showed the necessity
of a stabilizing partitioning system. The partitioning system from the RK2 broad-host plas-
mid, the par-region, was already proved to work very efficient in several gram-negative bac-
teria [74]. The par sequence was amplified from the pGMA29 plasmid, however, due to

some unknown reasons the last 50 bp of the parE gene were missing in this plasmid [85].

As first part of this work the whole par sequence of the RK2 plasmid was directly amplified
and integrated in the vector receiving the pKR-Tac-Par-eGFPAlacl REP. Furthermore differ-
ent origins of replication, varying in their copy number were integrated in the vector with
the new par region. From the RK2 plasmid two forms of the minimal replicon — the orivV393
and the oriV632 — were applied as origins. The longer oriV632 consist of the whole vegeta-
tive origin (oriV) and the trfA operon and was already proved to replicate in R. eutropha H16,
whereas the oriV393 lacks the sequence of a three iteron cluster [46]. As last origin of repli-
cation the mini-replicon of the RSF1010 rather high copy broad-host-range plasmid was em-
ployed. After the design of the expression vectors with the mentioned origins the plasmid

replication and stably maintenance in E. coli Top10 and R. eutropha H16 was determined.

In the second part of this work the new designed vectors were tested for their ability to ex-
press the reporter protein eGFP. The amount of expressed protein was monitored via vari-
ous detection methods, including SDS-PAGE, Western Blot analysis and the measurement of

the fluorescing units.
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2 Materials and Methods

2.1 Strains and plasmids

Table 1: Bacterial strains used in this work

Strain Genotype Source

E. coli TOP10 F'(proAB, laclg, LacZAM15, Tn10(tet-r)), mcrA, Invitrogen
A(mrr-hsdRMS-mcrBC), ®80ALacZAM15,
AlacX74, deoR, recAl, araD139(ara, leu), 7697,
galU, galK, A-, rpsL(streptomycin-r), endA1, nupG

R. eutropha H16 wildtype DSM428

E. coli S17-1 TpR SMR recA, thi, pro, hsdR-M+RP4: 2-Tc:Mu: Km Tn7 #679 IMBT

strain collection

Table 2: Plasmids used in this work

Plasmid

Description

Source

RK2, RP4

pJET1.2/blunt cloning vector

pKR-Tac-par29.1 -eGFP

pKR-Tac-par29.1-eGFPAlacl

pRS415

pKT231

pKR-Tac-Par-eGFPAlacl REP

pKR-Tac-Par-eGFPAlacl oriv393

pKR-Tac-Par-eGFPAlacl oriv632

pKR-Tac-Par-eGFPAlacl RSF1010

Bla (amp"), Kan', Tet', par, oriV, oriT, mob, kil

Bla (amp'), Picuvs, Rep (pMB1), eco47IR, T7 pro-
motor

Cloning selection vector
Kan', Pr,., REP, egfp, par29.1, lac!
cloning vector for E. coli and R. eutropha H16

Kan', Pr,., REP, egfp, par29.1, Alac!

cloning and expression vector for E. coli and R.
eutropha H16

Amp', laczZ,

promoterless screening vector for E. coli

Kan-R, Sm-R, Mob+, RSF1010

Kan', Pr.., REP, egfp, par, Alacl

cloning and expression vector for E. coli and R.
eutropha H16

Kan', Pr,c, 0riV393, egfp, par, Alacl

cloning and expression vector for E. coli and R.
eutropha H16

Kan', Pr,c, 0riV632, egfp, par, Alacl

cloning and expression vector for E. coli and R.
eutropha H16

Kan', Pr,, RSF1010, egfp, par, Alacl

cloning and expression vector for E. coli and R.
eutropha H16

#381 IMBT strain
collection

Thermo scientific

#6439 IMBT strain
collection

#6440 IMBT strain
collection

#6437 IMBT strain
collection

#320 IMBT strain
collection

This work (#6799
IMBT strain collec-
tion)

This work (#6798
IMBT strain collec-
tion)

This work (#6797
IMBT strain collec-
tion)

This work (#6814
IMBT strain collec-
tion)
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pKR-Lac-Par-eGFPAlacl Rep

pKR-CIV1a-Par-eGFPAlacl Rep

pKR-CIV1a-Par-AeGFPAlacl Rep

pKR-Tac-Par-LacZ(Xbal) Alacl Rep

pKR-Tac-Par-LacZ(Ndel) Alacl Rep

Kan', P, Rep, egfp, par, Alacl

cloning and expression vector for E. coli and R.
eutropha H16

Kan', Pcvia REP, egfp, par, Alacl

cloning and expression vector for E. coli and R.
eutropha H16

Kan', Pcvia REP, Aegfp, par, Alacl

cloning and expression vector for E. coli and R.
eutropha H16

Kan', P1ac, REP, LacZ (cloned via Xbal and Hindlll),
par, Alacl

cloning and expression vector for E. coli and R.
eutropha H16

Kan', P1., REP, LacZ (cloned via Ndel and Hindlll),
par, Alacl

cloning and expression vector for E. coli and R.
eutropha H16

This work (#6813
IMBT strain collec-
tion)

This work (#6812
IMBT strain collec-
tion)

This work (#6811
IMBT strain collec-
tion)

This work (#6810
IMBT strain collec-
tion)

This work (#6809
IMBT strain collec-
tion)

2.2 Used primers

Table 3: Primers used in this work

Primer number refers to the internal primer list of the research group of Petra Kéfinger. Bold characters mark
restriction sites of endonucleases, whereas underlined characters mark the binding sites of the primer to the

particular template.

Name primer Sequence ™

number [°cl

Rk2_Rep_overlap_fw 190 5‘-acgatgcttagctacgatccgctaaagttcttgacageggaa-3* 64,8

Rk2_Rep_term_Pstl_rev 191 5’-ctgcagaggacgaaaacgaaaagaggcagggecaagegecccgectcga 73,8
acagatatctagegtttgcaatgcacc-3’

Rk2_oriV_Spel _393 fw 192 5’— ggactagtggcgacgtggagcetgg-3’ 67,7

Rk2_oriV_Spel_632_fw 193 5’-ggactagtcctttccgacgctcacc-3’ 65,1

Rk2_oriV_overlap_rev 194 5’-ggatcgtagctaagcatcgtccgggagggttcgagaa-3’ 66,8

Rk2-ParA_Spel_fw 195 5‘-ggactagtgcgaaaaggtgagaaaagecg-3° 69,1

Rk2-ParE_rev 196 5’-tcagcccttgagectgteg-3° 69,4

RK2-ParE_Term_Pstl_rev 197 5‘-ggactagtgggcagggcatgaaaaagcccgtagegggctgetacgggegtc 69,4
tgacgcggtcageccttgagectgteg-3°

Parl_delta Ndel_rev 137 5'-acattagcacatgtgtgggcg-3' 68,8

Par2_delta Ndel_fw 138 5'-acgcccacacatgtgctaatg-3' 68,8
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eGFP-fwd 204 5'-atggtgagcaagggcga-3' 66,2
eGFP-rev 205 5'-ttacttgtacagctcgtccatge-3' 65,5
RK2-ParA_fw_Pstl 233 5‘-aaactgcaggcgaaaaggtgagaaaageeg-3° 69,1
RK2-ParE_rev_Notl 234 5-atagcggccgegggcagggcatgaaaaage-3° 69,1
LacZ_delta Ndel_fwd 245 5'-aatccccacatggaaaccg-3' 67,1
LacZ_delta Ndel_rev 246 5'-cggtttccatgtggggatt-3' 67,1
RSF1010_Pstl_rev 263 5'-ctgcaggagcagaagag-3' 57,9
RSF1010_Spel_fw 264 5'-gactagttcttcaaattcccgttg-3' 57,6
Rep_Seq4571_rev 269 5'-gtgggcggectggaacgege-3' 81,6
Rk2-Rep_Pstl-short_rev 270 5'-ctgcagaggacgaaaacgaaaa-3' 54,5
eGFP_fwd_new 294 5'-taaacggccacaagttcageg-3' 69,4
eGFP_rev_new 295 5'-aactccagcaggaccatgtgatc-3' 68,8
LacZ_Ndel_fwd 328 5'-cccatatgaccatgattacgg-3' 64,0
LacZ_delta Nde_rev NEU 329 5'aatccccatgtggaaaccg-3' 67,1
LacZ_delta Nde_fwd NEU 330 5'-cggtttccacatggggatt-3' 67,1
LacZ_Hindlll_rev 331 5'-ccaagctttttttgacaccag-3' 63,8
SD+insert pKR-tac/lac-par 332 5'-ccggaattctttaagaaggag-3’ 61,0

2.3 General protocols

2.3.1 Growth media and conditions

The cultivation of E. coli Top10 strains was performed at 37°C using regular LB Media (Carl
Roth GmbH CO. KG; Heidelberg, Germany) with 100 pg/mL ampicillin or 40 ug/mL kanamy-
cin, depending on the resistance gene of the particular plasmid. R. eutropha H16 strains
were cultivated at 28°C, employing different media with 200 pg/mL kanamycin and 20
pug/mL gentamycin. Tryptic soy broth (TSB, BD Diagnostic Systems; Heidelberg, Germany)
media was used for the cultivation on agar plates and for fermentations. Minimal salt media
(MSM) [86], regular LB media and nutrient broth media (NB) were used for fermentations in

liquid media. The composition of the different media is listed in Table 4.



Materials and Methods 16

Table 4: Composition of different growth media

Media Composition
LB Yeast extract (5 g/L), Trypton (10 g/L), Sodium chloride (0,5-10 g/L)#
TSB Bacto Trypton (17.0 g/L), Bacto Soyton (3.0 g/L), Dextrose (2.5 g/L), Sodium chloride (5.0 g/L), Di-

potassium hydrogen phosphate (2.5 g/L); pH 7.3 £ 0.2

MSM Solution A (30x): Na,HPO, x12 H,0 (270 g/L), KH,PO, (45 g/L)
Solution B (30x): MgS0O,x 7H,0 (6 g/L), NH,CI (60g /L), Fe(Ill)NH,-Citrat (125 mg/L), SL7 (30 mL)
Solution C (100x): CaCl,x 2H,0 (250 mg), ad 250 mL

Trace elements solution (SL7): 25 %(w/v) HCl (1.3 mL/L), HsBO; (62 mg/L), CoCl, x 6H,0
(190 mg/L), CuCl, x 2H,0 (17 mg/L), MnCl, x 4H,0 (100 mg/L), Na,Mo0O, x 2H,0 (36 mg/L), NiCl, x
6H,0 (24 mg/L), Zn Cl, (70 mg/L); pH 6,5

Mix solution A and B with bidest. H,0 (1:1:28), pH7.0; after autoclaving add 0.01 volume of solu-
tion C

NB Peptone (5 g/L), meat extract (3 g/L)

All standard chemicals are from Carl Roth GmbH CO. KG. Exceptions are mentioned in the text.

2.3.2 Preparation of competent cells of E. coli Top10 and R. eutropha H16

For the preparation of competent E.coli Top10 cells 15 mL LB media were inoculated with a
E. coli Top10 single colony and incubated over night at 37°C at 110 rpm. The main culture
(500 mL LB media, 2 L flask) was inoculated to an ODggg of 0.1 and incubated at 37°C at 110
rpm till an ODggg of 0.7-0.8. After reaching the right ODggg the cells were cooled on ice for 30
min and then centrifuged at 4°C for 15 min at 4500 rpm (centrifuge Avanti™™ J-20 XP, JA-10
Rotor, Beckmann Coulter, Inc.; Vienna, Austria). The supernatant was removed, the pellet
was resuspended in 5 mL ice-cold water and 250 mL water was added. Afterwards the cells
were centrifuged for 15 min at 2500 rpm. This step was repeated twice. After the last cen-
trifugation step the supernatant was removed and the pellet was resuspended in 5 mL of
ice-cold glycerol (10 %) and another 20 mL glycerol were added. After centrifugation for 15
min at 4500 rpm the supernatant was removed 2-3 mL glycerol were added to resuspend the
pellet. Portions of 90 uL were filled into 1.5 mL Eppendorf tubes and frozen in liquid nitro-

gen. The competent cells were stored at -80°C.

For the preparation of competent R. eutropha H16 cells the preculture (30 mL TSB media
with 20 pug/mL gentamycin, 50 mL flask with a triangular magnetic stirrer) was inoculated

with a glycerol stock from R. eutropha H16 and incubated at 28°C at 500 rpm overnight. The
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main culture (100 mL TSB media, 300 mL flask with a triangular magnetic stirrer) was inocu-
lated to an ODgge of 0.1 and incubated at 28°C at 500 rpm till an ODgge of 0.8-1.0. After
reaching the right ODggg the cells were cooled on ice for 30 min and then centrifuged in a
50 mL flacon at 4°C for 15 min at 4000 rpm (centrifuge 5810 R, Eppendorf; Hamburg, Ger-
many). The supernatant was removed and the pellet was resuspended in 5 mL of 0.3 M ice-
cold sucrose. After centrifuging again at 4°C for 10 min at 4000 rpm the pellet was washed in
2.5 mL of 0.3 M sucrose. After the last centrifugation for 5 min at 4°C at 4000 rpm the cells
were diluted with ~1 mL of 0.3 M sucrose to reach an ODgyo about 30. The ODggy Was meas-
ured with the Eppendorf BioPhotometer (Eppendorf, Hamburg, Germany).Portions of 100 uL

were filled into 1.5 mL Eppendorf tubes and stored at -80°C.

2.3.3 Transformation in competent E. coli Top10 and R. eutropha H16 cells

For the transformation of DNA in E.coli Top10 cells 40 uL of electrocompetent cells were
mixed with 100-300 ng DNA and incubated on ice for 10 min. Transformation was performed
using the program EC2 (0.2 mm cuvettes, 2.5 kV) of Micro Pulser™ (Bio-Rad; Hercules, USA).
Afterwards 1 mL of LB media was added to the cells which were then incubated at 37°C at
750 rpm in a thermomixer for 45-60 min. After regeneration 100 pL were plated out and the
rest of the cells was centrifuged for 1 min at maximum speed and resuspended in 100 pL LB
media. For plating out LB-plates with the appropriate antibiotic (Kanamycin 40 pug/mL or

Ampicillin 100 pg/mL) were applied.

For the transformation in R. eutropha H16 cells an aliquot of 100 uL competent cells was
mixed with 100-300 ng DNA and incubated on ice for 30 min. Transformation was performed
with the EC2 program of Micro Pulser™. After the electroporation the cells were regenerat-
ed in 1 mL of TSB media and incubated for 2 h at 28°C and 900 rpm. Afterwards the cells
were centrifuged for 5 min at 4000 rpm and resuspended in 100 pyL TSB media and plated

out on TSB plates containing 200 pg/mL kanamycin and 20 pg/mL gentamycin.

2.3.4 Conjugation in R. eutropha H16
The conjugation in R. eutropha H16 using the E.coli S17-1 as donor strain was only per-
formed for the expression vector containing the RSF1010 origin of replication. This replicon

possesses the mob genes for conjugative mobilization in addition to the replicative func-
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tions. The tra genes for the formation of a pilus between donor and recipient strain are inte-
grated in the chromosome of the E.coli S17-1 donor strain and enable the conjugative plas-
mid transfer. For the cultivation of the donor strain E. coli S17-1 [pKR-Tac-Par-eGFP-Alacl
RSF1010] 10 mL of LB medium with 40 ug/mL kanamycin were inoculated with a single colo-
ny and incubated for about 15 h at 30°C and 110 rpm. The recipient strain R. eutropha H16
was cultivated in 10 mL of TSB medium with 20 pug/mL gentamycin and incubated over night
at 30°C and 110 rpm. After the cultivation the donor and recipient cells were harvested via
centrifugation in 50 mL grainer tubes for 15 min at 4000 rpm at 4°C. Afterwards the cell pel-
lets were resuspended in 500 pL of 0.9 % NaCl solution. For the conjugative plasmid transfer
0.2 mL of the donor suspension as well as 0.2 mL of the recipient suspension were spotted
on the middle of an TSB agar plate. The plates were incubated for about 20 h at 30°C. Addi-
tional control plates with either 0.2 mL donor suspension or 0.2 mL recipient suspension
were also incubated. For the selection of the positive transconjugates — R. eutropha H16
containing the pKR-Tac-Par-eGFP-Alacl RSF1010 vector — the grown cells from the conjuga-
tion plate were transferred to TSB agar plates containing 20 pg/mL gentamycin and 200
ug/mL kanamycin. The donor cells are not able to grow on gentamycin, whereas empty re-
cipient cells would not survive the high level of kanamycin. The cells grown on the conjuga-
tion plate were resuspended in 3 mL of 0.9 % NaCl solution and then diluted stepwise to 10°
>. From each dilution step 0.1 mL were plated out on the TSB plates with 20 pg/mL gentamy-
cin and 200 pug/mL kanamycin. From these plates single colonies were picked and used for a

single streak out.
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2.3.5 General cloning protocols

Restriction digest and dephosphorylation:

All used restriction enzymes and corresponding buffers were ordered from Thermo Scientific

(Waltham, Massachusetts, USA).

Preparation of restriction mixture:

X UL 200-500 ng DNA

1.5 puL reaction buffer (10x)

0.5-1puL restriction enzyme (10 U/uL)

y uL bidest. H,0 to a final reaction of 15 L
15 pL

The restriction mixture was incubated at 37°C for at least 3 h. For preparative restrictions
higher amounts of DNA (~500 ng) and 1 pL of enzyme (10 U/uL) were applied, using a higher
end volume (20-25 pL). The mixture was incubated overnight at 37°C. The reaction was

stopped via thermal inactivation of the enzyme. The particular temperatures are given by

Thermo Scientific.

Dephosphorylation with Shrimp Alkaline Phosphatase (SAP):

X UL 0.5 -1 pg of linear DNA

2 uL SAP buffer (10x)

1pl SAP (1 U/pL)

y 1L bidest. H,0 to a final reaction of 20 uL
T20pL

The mixture was incubated at 37°C for 15 min and then 1 uL of SAP was added additionally
and incubated for another 15 min. The reaction was stopped via the thermal inactivation of

the SAP at 65°C for 15 min.

PCR:

For general PCR reaction the Phusion™ High-Fidelity DNA Polymerase from Finnzymes (Van-
taa, Finnland) was applied. The PCR set-up was based on the protocol provided by the com-

pany. The basic components for the PCR reaction are listed in Table 5.
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Table 5: Basic reaction components for PCR with a total volume of 25 and 50 ulL

Component Total volume of 25 pL Total volume of 50uL
H,0 Add to 25 pL Add to 50 pL

5x Phusion HF buffer 5puL 10 uL

10 mM dNTPs 0.5 pL 1pL

Primer A 1.25 uL 2.5uL
Primer B 1.25puL 2.5 uL
Template DNA 10-15 ng 10-15 ng
Phusion DNA polymerase (2 U/uL) 0.3 uL 0.5 uL

For the PCR program (see Figure 5) the initial denaturation and final extension the conditions
are provided by the manufacturer. As thermocycler the GeneAmp® PCR System 2700 from

Applied Biosciences (Norwalk, Connecticut, USA) was used.

Initial denaturation 98°C 30 sec

Denaturation 98°C 30 sec

Annealing X°C 20 sec 25 cycles
Extension 72°C Y sec

Final extension 72°C 10 min

Figure 5: General PCR program

The annealing temperature depends on the primer length and on the GC content. For its
calculation the TM finnzymes calculator was employed. Regarding the extension time the
amplicon length and complexity has to be considered. For low complexity DNA like plasmids
15 sec per 1 kb were used.

In Table 6 the primer pairs with the particular annealing temperature and extension time for

all standard PCRs performed during this work are listed.
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Table 6: PCR conditions for all standard PCRs

Name of PCR Template Primer pairs Annealing Extension Number

product temperature time of cycles

ParA-Ndel RK2 plasmid Rk2-ParA_Spel_fw 68 °C 30 sec 25
Parl_delta Ndel_rev

Ndel-ParE RK2 plasmid Par2_delta Ndel_fw 68 °C 15 sec 25
Rk2-ParE_rev

oriV 393 bp RK2 plasmid Rk2_oriV_Spel _393 fw 66 °C 10 sec 25

sequence Rk2_oriV_overlap_rev

oriV 632 bp RK2 plasmid Rk2_oriV_Spel _632 fw 66 °C 10 sec 25

sequence Rk2_oriV_overlap_rev

Rep-sequence RK2 plasmid Rk2_Rep_overlap_fw 65 °C 25 sec 25

from RK2 Rk2_Rep_term_Pstl_rev

RSF1010 pKT231 RSF1010_Spel_fw 57 °C 120 sec 25
RSF1010_Pstl_rev

lacZ (ANdel) pRS415 LacZ_Ndel_fwd 67 °C 50 sec 25

fragment 1 LacZ_delta Nde_rev NEU

lacZ (ANdel) pRS415 LacZ_delta Nde_fwd NEU 67 °C 15 sec 35

fragement 2 LacZ_HindIll_rev

lacZ (ANdel) pKR-Tac-Par- SD+insert pKR-tac/lac-par 67°C 50 sec 25

with EcoRI+HindIll  LacZ-Alacl Rep LacZ_Hindlll_rev

lacZ (ANdel) pKR-Tac-Par- LacZ_Ndel_fwd 67°C 50 sec 25

LacZ-Alacl Rep

LacZ_Hindlll_rev

Overlap extension PCR:

An overlap extension PCR is a special PCR method for the introduction of specific base ex-

changes in a sequence or for the splicing of two DNA fragments.

In order to insert a specific base exchange four primers had to be designed, the two outer
primers, which were binding to the beginning and the end of the sequence and two inner
primers. These inner primers have to bind to the region were the base exchange should be
introduced and contained the desired new base. In the first step two standard PCRs had to
be performed. For the generation of the first PCR product the sequence from the beginning
until the position of the desired mutation was amplified with the outer forward and the in-
ner reverse primer. In the second PCR the sequence from the point of the mutation to the
end of the sequence was amplified applying the inner forward and the outer reverse primer.
During this step the inner primers generated a complementary overlap containing already

the desired mutation at the 3’ end of the first PCR product and at the 5" end of the second
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PCR product. In the second step the products (molar ratio 1:1, total DNA concentration
~70 ng) of the standard PCRs served as templates for the overlap extension PCR. In the first
six cycles the PCR reaction was performed without primers for the sticking together of the
two templates with their complementary ends, containing the desired base exchange and to
fill up the complementary strands. Then the outer primers were added for another 18 cycles

for the amplification of the whole sequence.

The principal for the splicing of two different DNA fragments is quite similar. First two stand-
ard PCRs had to be performed, amplifying the desired fragments and generating a comple-
mentary overlap at the 3’ end of the first fragment and at the 5’ end of the second fragment.
Therefore an overlap sequence of 20 bp was added to the reverse primer of the first and to
the forward primer of the second fragment. After performing the standard PCRs the two
products served as templates for the overlap extension PCR. In the first six cycles the PCR
reaction was performed without primers for the sticking together of the two templates with
their complementary ends. Then the outer primers were added for another 18 cycles for the

amplification of the whole sequence.

All PCR reactions were performed using the Phusion™ High-Fidelity DNA Polymerase from
Finnzymes. The basic components for the PCR reaction mix are listed in Table 5 and the
temperature program is similar to the program shown in Figure 5, except for the cycle num-
ber. For the overlap extension PCR the first 6 cycles were conducted without primers and
another 18 cycles were run after adding the outer primers. The PCR conditions for the
standard PCRs are shown in Table 6 and the conditions for the overlap extension PCRs in

Table 7.
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Table 7: PCR conditions for all overlap extension PCRs

Name of PCR Template Primer pairs Annealing Extension Number of

product (1. and 2.) temperature time cycles

oriv393 oriV. 393 bp Rk2_oriV_Spel 393 fw 64 °C 30 sec 6 X
sequence and Rk2_Rep_term_Pstl_rev (no primer)
Rep-sequence 18x
from RK2

orive32 oriV. 632 bp Rk2_oriV_Spel 632 fw 64 °C 30 sec 6 X
sequence and Rk2_Rep_term_Pstl_rev (no primer)
Rep-sequence 18x
from RK2

par sequence ParA-Ndel and Rk2-ParA_Spel_fw 68 °C 35 sec 6 X
Ndel-ParE RK2-ParE_Term_Spel_rev (no primer)

18x

lacZ (ANdel) LacZ (ANdel) LacZ_Ndel _wd 67 °C 50 sec 6 X

with fragment 1 LacZ_Hindlll_rev (no primer)

Ndel+HindIll LacZ (ANdel) 18x
fragment 2

Colony PCR for egfp:

As sample for a colony PCR eiteher a colony from an agar plate or 20-50 pL of an liquid

culture were used. From the colony a small tooth pick tip was directly resuspended in 20 pL

of bidest. H,0 whereas the liquid culture was first centrifuged and then the obtained pellet

was resuspended in 20 plL of bidest. H,O. After boiling the sample for 10 min at 99°C it was

centrifuged for 1 min at max. speed. Then 2 uL of the supernatent were employed as

template for the colony PCR. For the reaction the DreamTag DNA Polymerase from Thermo

Scientific was applied. The conditions for the colony PCR reaction for egfp for a total volume

of 25 ulL are listed in Table 8.
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Table 8: Reaction components for colony PCR for egfp with a total volume of 25 uL

Component Total volume of 25 pL
H,0 Add to 25 pL
10x DreamTaq buffer 2.5 uL

10 mM dNTPs 0.5 pL

DMSO 0.75 pL
Primer #294 1.25 uL
Primer #295 1.25 uL
Template DNA 2ul
Dreamtaq DNA polymerase (5 U/ul) 0.2 uL

For the colony PCR temperature program the initial denaturation and final extension the
conditions are provided by the manufacturer. Regarding the annealing temperature and the
extension time the conditions depend on the primer and template characteristics. As PCR
machine the GeneAmp® PCR System 2700 from Applied Biosciences (Norwalk, Connecticut,

USA) was used. In Figure 6 the temperature program of the colony PCR is shown.

Initial denaturation  95°C 3 min

Denaturation 95°C 30sec

Extension 72°C 45 sec

Annealing 58°C 30 sec } 25 cycles

Final extension 72°C 10 min

Figure 6: Temperature program of the colony PCR for egfp

Agarose gel:

For the preparation of a 1% agarose gel 2 g agarose (Biozyme; Vienna, Austria) were mixed
with 200 mL of 1xTAE buffer (Stock solution 50x: 242 g/L Tris, 14.6 g/L EDTA, 57.1 g/L acetic
acid) and heated in the microwave until the agarose was dissolved (~ 3 min). After cooling 2-
3 drops of EtBr were added and the gel was poured into the gel tray. The samples were
mixed with 6x Loading Dye+SDS (Thermo Scientific) and then loaded onto the gel. As stand-

ard 5 pL of the GeneRuler™ DNA ladder (for map see Figure 7) were applied.
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GeneRuler™ DNA Ladder Mix
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Figure 7: The GeneRuler™ DNA ladder Mix.

For a control gel the voltage was set 110-120 V and the gel was run for 45 min. In case of a
preparative gel the voltage was lowered to 90 V and the running time was extended to 90-

120 min. For detection the GelDoc-It™ Imaging System from UVP (Cambridge, UK) was used.

Wizard® SV Gel and PCR Clean-Up System Kit:

In order to clean up a PCR reaction product or a restriction digest to remove disturbing reac-
tion compounds or enzymes and for the dissolving of an agarose gel slice the Wizard® SV Gel

and PCR Clean-Up System Kit from Promega (Mannheim, Germany) was applied.

A. Dissolving of the gel slice
Add 10 pL of membrane binding solution per 10 mg of gel slice
Vortex and incubate sample at 65°C until the gel slice is completely dissolved.

B. Processing PCR reactions
1. Add an equal volume of membrane binding solution to the PCR reaction

C. Binding of DNA

1. Insert SV Minicolumn into the collection tube

2. Transfer the dissolved gel mixture or the prepared PCR product into

the minicolumn assembly and incubate at room temperature for 1 min

3. Centrifuged for 1 minute at 16,000 x g. Discard the flowthrough and reinsert the minicol-
umn into the collection tube.
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D. Washing

1. Add 700 uL of membrane wash solution, centrifuged for 1 min at 16,000 x g. Discard the
flowthrough and reinsert the minicolumn into the collection tube.

2. Repeat step D.1 with 500 pl of membrane wash solution, centrifuged for 5 min at
16,000 x g. Discard the flow-through and reinsert the minicolumn into the collection tube.
3. Centrifuge again for 1 minute at 16,000 x g.

E. Elution
1. Transfer the minicolumn into a clean 1.5 ml microcentrifue tube.

2. Add 30 pl of bidest. H,0 and incubated at room temperature for 5 min.
Centrifuge for 1 min at 16,000 x g.

Changes in the manufacturer’s protocol were marked with bold letters.

Ligation:

For the ligation the Promega T4 DNA Ligase (Promega; Mannheim, Germany) was used, fol-
lowing the manufacturer’s protocol. Regarding the vector to insert ratio normally a ratio of

1:3 or 1:2 was applied.

Ligation mixture:

X UL ~ 70 ng vector DNA

y uL appropriate amount of insert DNA

1.5puL T4 DNA ligase buffer (10x)

1L T4 DNA ligase (1 U/uL)

zuL bidest. H,0 to a final reaction of 15 L
15uL

The ligation mixture was incubated at 16°C overnight. Afterwards the ligase was inactivated
at 65°C for 20 min. Before transformation a desalting of the ligation mixture is necessary in
order to prevent any short-circuit. Therefore nitrocellulose filters (MF™ Membrane Filters,
0.025 um VSWP, Merck Millipore; Billerica, Massachusetts, USA) were put in a petri dish
filled with water. The whole ligation mixture was pipetted on the filters, swimming on the

water surface, and incubated for 20-30 min.

GenelET Plasmid Miniprep Kit:

For the isolation of plasmids the GenelET Plasmid Miniprep Kit from Thermo Scientific was

applied:
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1. Resuspension of cells, lysis and neutralization

Add to the pelleted cells:

* 250 uL of resuspension solution and vortexed

*250 pL of lysis solution and inverted tube 4 — 6 times

*350 pL of neutralization solution and inverted tube 4 — 6 times
Centrifuge mixture for 10 min at full speed

2. Binding of DNA
Load supernatant to GenelET™ spin column and centrifuge for 1 min at full speed

3. Washing of column

Add 500 pL of wash solution and centrifuge for 1 min at full speed Repeat twice
Discharge the flowthrough

Centrifuge empty column for 1 min at full speed

4. Elution of purified DNA

Transfer column into a new tube.

Add 30-50 pL of bidest.H,0 to column and incubate for 5 min
Centrifuge for 2 min at full speed, collect flow through in fresh Eppi

Changes to the manufacturer’s protocol were marked with bold letters.

Thermo Schientific CloneJET™ PCR cloning Kit:

For the cloning of PCR products into the pJET vector the Thermo Schientific CloneJET™ PCR
cloning Kit from Thermo Scientific was used.
For the ligation the appropriate amount of PCR product (0.15 pmol of DNA ends) had to be

determined using Table 9.

Table 9: Recommended amount of PCR product for the ligation reaction

Length of PCR product (bp) Optimal PCR product quantity (0.15 pmol ends)

100 5ng

300 15ng
500 25ng
1000 50 ng
2000 100 ng
3000 150 ng
4000 200 ng

5000 250 ng
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Ligation mixture:
X UL ~0.15 pmol ends of purified PCR product/other blunt-end DNA fragment
10 L reaction buffer (2x)

1L pJET1.2/blunt Cloning Vector (50 ng/puL)

1L T4 DNA ligase (5 U/uL)

y UL bidest. H,0 to a final reaction of 20 L
S20uL

The ligation mixture was incubated at room temperature for 10-15 min, depending on the
size of the particular PCR product. Afterwards the ligation mixture was directly used for

transformation in E.coli Top10 cells.

Sequencing:

Sequencing was performed in order to confirm the correct sequence of the generated PCR
products. Therefore plasmid DNA was isolated and 10 pL (~100 ng/uL) were sent together
with 4 uL of the respective primer (5 uM) for sequencing to LGC Genomics GmbH (Berlin,
Germany). In case of the pJET1.2 cloning vector system the primers were provided by LGC

Genomics.

2.4 Construction of the expression vectors

2.4.1 Construction of pKR-Tac-Par-eGFPAlacl REP

For the construction of the pKR-Tac-Par-eGFPAlacl REP vector the already designed pKR-Tac-
par29.1-eGFPAlacl REP vector was used. This vector contained the Tac Promotor, the REP
sequence from the pBBR1-MCS5 plasmid as origin of replication, the kanamycin resistance
gene, egfp as reporter gene and the par29.1 sequence which was taken from the pGMA29
plasmid [85]. (See Figure 8)
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Figure 8: Vector map of pKR-Tac-par29.1-egfpAlacl REP, containing the Tac promoter, the REP origin of replica-
tion, the kanamycin resistance gene, egfp as reporter gene and the old par29.1 sequence from the pGMA29
plasmid.

The par29.1 acts as partitioning sequence which supports the plasmid distribution during cell
division and prevents plasmid loss. The detailed sequence of the par region and the different
functions of its genes were already mentioned in 1.3. However, through blast search it was
discovered that in the par29.1 sequence from the pGMA the last 50 bp of the original parE

gene as well as a terminator sequence are missing.

Therefore, the aim of this part was the construction of a new expression vector containing
the whole sequence of the par region with all genes as well as a concluding terminator se-
guence on the end of parE. Both, the whole par region as well as the terminator (T13.,) (se-
quence is shown in Appendix 3: Sequences) were taken from the RK2 broad-host-range
plasmid [30]. Additionally to the new terminator sequence also two Spel restriction sites on
both ends of the par sequence was added for the cloning of the new sequence in the old
vector backbone. However, for the amplification of the par sequence from the RK2 plasmid
an overlap extension PCR was applied in order to delete an Ndel restriction site between
parC and parD. In both expression vectors the desired reporter gene was cloned via an Ndel
and Hindlll restriction site therefore all additional Ndel sites in the vector backbone had to

be removed.

For the overlap extension PCR five different primers were designed. The two inner primers

were binding in the region of the Ndel site and contained one different base pair in the Ndel
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sequence. The inner forward primer (#138 Par2_fw) contained a cytosine instead of a tyro-
sine base and the inner reverse primer (#137 Parl_rev) a guanidine instead of an adenine.
Through this base exchange a silent mutation was introduced thus the amino acid sequence

was preserved. (See Figure 9)

5'...CANTATG...3’ > 5..CACATG...3’
3..GTATAAC..5" > 3"..GTGTAC...5’

Figure 9: Base pair exchange for the deletion of the Ndel restriction site between parC and parD

The outer forward primer (#195 Rk2_ParA_Spel fw) was binding to the 5’ end of the par
sequence attaching a Spel restriction site to the end of parA. As outer reverse primer two
primers were designed, the first one for the standard PCR for the fragment from the deleted
Ndel site to the end of parE (#196 Rk2_ParE_rev) and the second one for the overlap exten-
sion PCR (#197 RK2_ParE_Term_Pstl_rev) containing the T.;3, terminator sequence and a

Spel restriction site to the end of parkE.

In order to amplify the first fragment ranging from parA to the deleted Ndel site and the se-
cond fragment from the deleted Ndel site to parE via standard PCR the primer pairs #195
and #137 respectively #196 and #138 were employed. For the amplification of the second
fragment the short outer primer was used, in order to amplify just the sequence until the
end of park. For the standard PCR conditions see Table 6. Afterwards the two PCR mixtures
were loaded onto an agarose gel and an the appropriate bands were cut out and cleaned up

with the Wizard® SV Gel and PCR Clean-Up System Kit.

The two PCR products were then combined via the overlap extension PCR. The first six cycles
were run without the primers, just for the sticking together of the two fragments. After-
wards the two outer primers (#195 Rk2_ParA_Spel_fw and #197 RK2_ParE_Term_Spel_rev)
were added and another 18 cycles were conducted. Applying the longer outer reverse pri-
mer the T 13, terminator sequence and the Spel restriction site were now attached to the
end of parE. For the PCR conditions see Table 7. In Figure 10 (A) the primer binding sites and
their characteristics are marked on a schematic par sequence, whereas Figure 10 (B) shows
the desired overlap extension product including the different par genes with the new at-

tached terminator sequence and Spel restriction sites.
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Figure 10: Scheme for the overlap extension PCR for the par sequence from the RK2 plasmid (A) and scheme of
the par sequence marking the different genes and the new Spel restriction sites (B). ParA encodes a resolvase,
parB has nuclease activity and the function of parC is not known yet. ParD and parE form a killing system for
plasmid free segregants, in which parE encodes a lethal polypeptide and parD an antagonist.

Afterwards the PCR product was loaded on an agarose gel. The appropriate band was cut out
and cleaned up using the Wizard® SV Gel and PCR Clean-Up System Kit. The PCR product was

cloned into the pJET vector system and positive clones were sent for sequencing.

After positive sequencing results the pJET vector containing the par sequence and the vector
pKR-Tac-par29.1-eGFPAlacl REP were cut with Spel and the restriction mixtures were loaded
on an agarose gel. The desired bands (vector backbone: 4121 bp, Par-sequence: 2246 bp)
were cut out of the gel and cleaned up using the Wizard® SV Gel and PCR Clean-Up System
Kit. Afterwards the vector backbone was ligated with the par sequence and transformed in
E.coli Top10. The transformants were streaked out for plasmid isolation which was then cut

with Spel in order to control the presence of the new Par-sequence.

The resulting new vector was named pKR-Tac-Par-eGFPAlacl REP (see Figure 11) and was

transformed into R. eutropha H16.
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Figure 11: Vector map of pKR-Tac-Par-egfpAlacl REP, containing the Tac promoter, the REP origin of replication,
the kanamycin resistance gene, egfp as reporter gene and the new designed par sequence.

2.4.2 Construction of pKR-Tac-Par-eGFPAlacl oriV393/oriV632

For the construction of the pKR-Tac-Par-eGFPAlacl oriV393/632 vector the REP origin of rep-
lication had to be replaced with the oriV393 or oriV632 from the RK2 plasmid [30]. However,
it was not possible to use the new designed pKR-Tac-Par-eGFPAlacl REP vector because the
exchange of the origins via cutting with Spel and Pstl would also involve the removal of the

Par-sequence, which was cloned into the vector via the Spel restriction site.

Therefore, the pKR-Tac-par29.1-eGFP REP vector (see Figure 13 (A)) containing the Tac-
promotor, the REP origin of replication, the par29.1 sequence, the kanamycin resistance
gene, egfp as reporter gene and the lacl gene between the Pstl and Notl restriction was
used. First the par29.1 had to be removed via cutting with Spel. After re-ligation and trans-
formation of the pKR-Tac-Apar29.1-eGFP REP vector (see Figure 13 (B)) into E.coli Top10 the
plasmid was isolated again and cut with Pstl and Notl to remove the /acl gene. Between the-
se two restriction sites the new par region should be integrated. Therefore, the par se-
guence was amplified via PCR from the pKR-Tac-Par-eGFPAlacl Rep with new designed pri-
mers (#233 RK2-ParA_fw_Pstl and #234 RK2-ParE_rev_Notl), which attached a Pstl and Notl
restriction site to the end of parA and of parE (see Figure 12). The PCR program is shown in

Table 6.
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Figure 12: Par sequence from RK2 plasmid with Pstl restriction site on the end of parA and Notl restriction site
on the end of parE.

The PCR product as well as the pKR-Tac-Apar29.1-eGFP REP vector were cut with Pstl and
Notl and loaded on an agarose gel. The appropriate bands (vector backbone: 4118 bp, Par-
sequence: 2260 bp) were cut out and cleaned up using the Wizard® SV Gel and PCR Clean-Up
System Kit. After ligating vector backbone and par sequence the ligation mixture was trans-
formed into E. coli Top10. Ten transformants were streaked out for plasmid isolation and the
plasmids were isolated and cut with Pstl and Notl in order to confirm the presence of the
Par-sequence. All steps for the construction of the pKR-Tac-Par-eGFPAlacl REP with par be-

tween Pstl and Notl are illustrated in Figure 13.
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Figure 13: Scheme for the construction of the pKR-Tac-Par-egfpAlacl REP with the par sequence between the
Pstl and Notl restriction sites: The pKR-Tac-par29.1-egfp (A) was cut with Spel to remove the par29.1 sequence
and then re-ligated. The resulting pKR-Tac-Apar29.1-egfp REP (B) was cut with Pstl and Notl to remove the lacl
and was then ligated with the new designed par sequence with Pstl and Notl restriction sites (C). The new con-
structed pKR-Tac-Par-egfpAlacl REP (D) was then used for the construction of pKR-Tac-Par-egfpAlacl

oriV393/oriV632.
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Due to the fact that the par sequence in this new designed pKR-Tac-Par-eGFPAlacl Rep vec-
tor was located between Pstl and Notl the exchange of the origin of replication could now be

performed via cutting with Spel and Pstl.

The new origins oriV393 and oriV632, originating from the RK2 plasmid were designed via
overlap extension PCR. On the RK2 plasmid the oriV sequence and the Rep sequence gene
(including the trfA binding protein gene, the ssb sequence and the trfA promotor) are sepa-
rated via a tetracycline resistance gene. Regarding the oriV two different sequences varying
in length (393 bp and 632 bp) are described in literature to work together with the Rep-
sequence as minimal replicon [39], [87]. Therefore, two origins of replication out of the RK2
plasmid were amplified: the oriV393, containing 393 bp of the oriV sequence and the Rep
sequence and the oriV632, containing the 632 bp of the oriV sequence and the Rep se-
quence. In order to remove the tetracycline resistance gene and to combine the sequences
of the oriV and Rep two standard PCRs were performed attaching an complementary overlap

to the 3’ end of the particular oriV fragment and to the 5’ end of the Rep-sequence.

For the first fragments (oriV with 393bp or 632 bp) the two forward primers (#192
Rk2_oriV_Spel 393 fw or #193 Rk2_oriV_Spel 632 _fw) and the reverse primer (#194
Rk2_oriV_overlap_rev) were applied. The forward primers add a Spel restriction site to the
5’ end and the reverse primer the designed overlap to the 3’ end of the oriV sequence. The
second fragment, the Rep-sequence was amplified with a forward primer (#190
Rk2_Rep_overlap_fw) attaching the designed overlap to the 5’ end and with a reverse pri-
mer (#191 Rk2_Rep_term_Pstl_rev) which add the terminator sequence Tgi31.1 (Sequence is
shown in Appendix 3: Sequences) from the RK2 plasmid and a Pstl restriction site to the 3’
end [30]. For the standard PCR conditions see Table 6. Afterwards the two PCR mixtures
were loaded onto an agarose gel and the appropriate bands were cut out and cleaned up

with the Wizard® SV Gel and PCR Clean-Up System Kit.

The fragments of the oriV (393 bp or 632 bp) were both combined with the amplified frag-
ment of the Rep-sequence during the overlap extension PCR. The first six cycles were run
without primers, just for sticking together the two fragments. Afterwards the particular out-

er primers (#192 or #193 and #191) were added and another 18 cycles were conducted. For
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the overlap extension PCR conditions see Table 7. In Figure 14 (A) the primer binding sites
and their characteristics are marked on a schematic overview of the oriV and Rep-sequence.
Figure 14 (B) and (C) show the desired overlap extension products including the new at-
tached terminator sequence Tri31.1 and the Pstl restriction site on the 3’ end of the Rep-

sequence and the Spel restriction site on the 5’ end of the particular oriV sequence.

(A)

Spel
Spel
| oriv3e3 Tewary Pstl
I
} H— —
orivé32 / / ssbh trfA
tet? e
oriV Rep
(B)
ITF231.1
Spel (1) 0riV393 overlap Rep Ndel (1805) ‘II Psil (2097)
\. || | III
A 4
! [
-
oriV393+Rep Sequenz
2097 bp
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Notl (116) TR31.1
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\\ | \ | | (]

A " 4

oriVé32+Rep Sequenz
2335 bp

Figure 14: Scheme for the overlap extension PCR of the oriV sequence and the Rep sequence on the RK2 plasmid
(A) and scheme of the new designed origins oriV393 (B) and oriV632 (C) with the added Tz 3, ; terminator se-
quence and the Spel and Pstl restriction sites.

Afterwards the PCR products were loaded onto an agarose gel. The appropriate bands were
cut out and cleaned up using the Wizard® SV Gel and PCR Clean-Up System Kit. The PCR
products were cloned into the pJET vector system and positive clones were sent for sequenc-
ing. After positive sequencing results the pJET vector containing the oriV393 or oriV632 and

the designed pKR-Tac-Par-eGFPAlacl REP vector with par between Pstl and Notl (see Figure
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13 (D)) were cut with Spel and Pstl. The restriction mixtures were loaded onto an agarose gel
and the desired bands (backbone: 4.600 bp, oriV393: 2097 bp, oriV632: 2335 bp) were cut
out of the gel and cleaned up using the Wizard® SV Gel and PCR Clean-Up System Kit. Then
the vector backbone was ligated with the particular origin and transformed in E.coli Top10.
After isolating the vector from the gained transformants it was cut again with Spel and Pstl in

order to control the presence of the oriV393 or oriV632.

The resulting new vectors pKR-Tac-Par-eGFPAlacl oriV393 (see Figure 15 (A)) and pKR-Tac-
Par-eGFPAlacl oriV632 (see Figure 15 (B)) were transformed in R. eutropha H16.
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Figure 15: (A) Vector map of pKR-Tac-Par-egfpAlacl oriV393, containing the Tac promoter, the oriV393 origin of
replication, the kanamycin resistance gene, egfp as reporter gene and the new designed par sequence. (B) Vec-
tor map of pKR-Tac-Par-egfpAlacl oriV632, containing the Tac promoter, the oriV632 origin of replication, the
kanamycin resistance gene, egfp as reporter gene and the new designed par sequence

2.4.3 Construction of pKR-Tac-Par-eGFPAlacl RSF1010

For the construction of the pKR-Tac-Par-eGFPAlacl RSF1010 vector the pKR-Tac-Par-
eGFPAlacl oriV393 (see Figure 15 (A)) containing the Tac promoter, the oriV393 origin of

replication, the par sequence located between Pstl and Notl, the kanamycin resistance gene

and egfp as reporter gene was used. The vector was cut with Spel and Pstl in order to re-
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move the old origin oriV393 and to insert the new origin RSF1010 from the pKT231 plasmid
[51].

The RSF1010 was directly amplified from the pKT231 plasmid via standard PCR, attaching a
Pstl restriction site via the forward primer (#263 RSF1010_Pstl_rev) at the 5’ end and a Spel
restriction sites via the reverse primer (#264 RSF1010_Spel_fw) on the 3’ end of the se-
guence. The whole sequence of the RSF1010 and all its genes are already shown in Figure 3.

For the PCR conditions see Table 6.

The PCR product of the RSF1010 and the pKR-Tac-Par-eGFPAlacl oriV393 vector were cut
with Pstl and Spel and the restriction mixtures were loaded onto an agarose gel. The desired
bands (vector backbone: 4600 bp, RSF1010: 5743 bp) were cut out of the gel and cleaned up
using the Wizard® SV Gel and PCR Clean-Up System Kit. Then the vector backbone was ligat-
ed with the RSF1010 and transformed in E.coli Top10. After isolating the vector from the
gained transformants it was cut again with Spel and Pstl in order to control the presence of

the RSF1010 and then transformed into R. eutropha H16.

The resulting new vector was named pKR-Tac-Par-eGFPAlacl RSF1010 and is shown in Figure

16.
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Figure 16: Vector map of pKR-Tac-Par-egfpAlacl RSF1010, containing the Tac promoter, the RSF1010 as origin of
replication, the kanamycin resistance gene, egfp as reporter gene and the new designed par sequence.

Due to the presence of the mob genes in the RSF1010 replicon the new vector was not only
transformed into R. eutropha H16 via electro transformation, but also introduced into R.

eutropha H16 via conjugation applying E. coli S17-1 as donor strain.

2.4.4 Construction of pKR-Tac-Par-lacZAlacl REP

For the construction of the pKR-Tac-Par-LacZAlacl REP vector the pKR-Tac-Par-eGFPAlacl REP
vector (see Figure 11), containing the Tac-promotor, the REP origin of replication, the par
sequence located between two Spel restriction sites, the kanamycin resistance gene and
egfp as reporter gene was used. To create the new expression vector the egfp should be
replaced with the lacZ from the pRS415 plasmid (for vector map see Fehler! Verweisquelle

konnte nicht gefunden werden., using the Xbal and Hindlll restriction sites.

The pRS415 plasmid and the pKR-Tac-Par-eGFPAlacl REP were cut with Xbal and Hindlll and
the restriction mixtures were loaded onto an agarose gel. The desired bands (pKR-Tac-Par-
AeGFPAlacl REP vector backbone: 5606 bp and lacZ: 3078 bp) were cut out and cleaned up
using the Wizard® SV Gel and PCR Clean-Up System Kit. Then the pKR-Tac-Par-AeGFPAlacl
REP vector backbone was ligated with the lacZ and transformed in E.coli Top10. After isolat-
ing the plasmid from the gained transformants they were cut again with Xbal and Hindlll to

control the proper insertion of lacZ.
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The resulting new vector was named pKR-Tac-Par-LacZAlacl REP (see Figure 17) and was

transformed into R. eutropha H16 for further experiments.
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Figure 17: Vector map of pKR-Tac-Par-lacZAlacl REP, containing the Tac promoter, the REP as origin of replica-
tion, the kanamycin resistance gene, lacZ as reporter gene (cloned with Xbal and Hindlll) and the new designed
par sequence.

However, by cutting the pKR-Tac-Par-eGFPAlacl REP with Xbal the Shine Dalgarno sequence
which is located just in front of the Ndel restriction site was removed. This may cause prob-
lems for the expression of lacZ. Therefore, the second approach was performed through
cloning lacZ into the pKR-Tac-Par-eGFPAlacl REP vector via the Ndel and Hindlll restriction
sites. However, the lacZ contained an Ndel restriction site, which had to be mutated via an

overlap extension PCR.

The lacZ sequence was directly amplified from the pRS415 plasmid applying four different
primers. The two inner primers were binding in the region of the Ndel site and contained
one different base pair in the Ndel sequence. The inner forward primer (#330 LacZ_delta
Nde_fwd NEU) contained a cytosine instead of a tyrosine base and the inner reverse primer
(#329 LacZ_delta Nde_rev NEU) a guanidine instead of an adenine. Via this base exchange a
silent mutation was introduced, thus the amino acid sequence was preserved. (See Figure

18)
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5'...CAMTATG...3’ > 5..CACATG...3’
3..GTATAAC..5" > 3"..GTGTAC...5’

Figure 18: Base pair exchange for the deletion of the Ndel restriction site in the lacZ sequence.

The outer forward primer (#328 LacZ_Ndel_fwd) was binding to the 5" end of lacZ attaching
a Ndel restriction site, whereas the outer reverse primer (#331 LacZ_Hindlll_fwd) was bind-
ing to the 3’ end of lacZ attaching a Hindlll restriction site. In order to amplify the first frag-
ment from the 5’ end of lacZ to the deleted Ndel site and the second fragment from the de-
leted Ndel site 3’ end of lacZ via standard PCR the primer pairs #328 and #329 respectively
#330 and #331 were employed. For the standard PCR conditions see Table 6. Afterwards the
two PCR mixtures were loaded onto an agarose gel and the appropriate bands were cut out

and cleaned up with the Wizard® SV Gel and PCR Clean-Up System Kit.

The two PCR products were combined via the overlap extension PCR. The first six cycles
were run without primers, just for the sticking together of the two fragments. Afterwards
the two outer primers (#328 and #331) were added and another 18 cycles were conducted.
For the conditions of the overlap extension PCR see Table 7. In Figure 19 (A) the primer bind-
ing sites and their characteristics are marked on a schematic /lacZ sequence. The mutation
for the Ndel restriction site in the sequence of the inner primers is marked in red. Figure 19
(B) shows the sequence of the mutated /acZ with the Ndel and Hindlll restriction sites at the

5’ and 3’ end.

(A)

1 1 | Hindlll

lacZ
(B)

Ndel (5 ) LacZ IHIHJ 11 (3079)

4

LacZ-mutNdel

3085 bp

Figure 19: Scheme for the overlap extension PCR for the lacZ sequence from the pRS415 plasmid (A) and scheme
of lacZ marking the new Ndel and Hindll restriction sites (B).
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Afterwards the PCR product was loaded on an agarose gel. The desired band was cut out and
cleaned up using the Wizard® SV Gel and PCR Clean-Up System Kit. The cleaned PCR product

was cloned into the pJET vector system and positive clones were sent for sequencing.

After positive sequencing results the pJET vector containing the lacZ and the vector pKR-Tac-
Par-eGFPAlacl REP were cut with Ndel and Hindlll and the restriction mixtures were loaded
onto an agarose gel. The appropriate bands (vector backbone: 5650 bp, lacZ: 3122 bp) were
cut out of the gel and cleaned up using the Wizard® SV Gel and PCR Clean-Up System Kit.
Then the vector backbone was ligated with the /acZ and transformed in E.coli Top10. 10
transformants were streaked out for plasmid isolation of the particular plasmids. These were
cut with Ndel and Hindlll to check the presence of lacZ. Afterwards the new designed vector

was transformed into R. eutropha H16.

The resulting new vector was named pKR-Tac-Par-LacZAlacl Rep and is shown in Figure 20.

tac -10 EcoRI (2)
tac - 35\\ | .’.cuqu (23)
tac_ r === f_” LacZ Nde fwd

REP \\ Ndel (71)

\\ /tacZ
| =

Spel (6791) -~ \\I‘ \‘,
I [ pKR-Tac-Par-lacZ delta lacI Rep | |

| 8724 bp ‘J |

! \ /
/ /' LacZ delta Ndel fwd
: / LacZ delta Ndel rev
EcoRI (3091)

\&j e - “"\IacZ Hindll v

— HindIll (3145)

Spel (4545) KanR

Figure 20: Vector map of pKR-Tac-Par-lacZAlacl REP, containing the Tac promoter, the REP origin of replication,
the kanamycin resistance gene, the par sequence and lacZ as reporter gene.
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2.5 Plasmid stability assay

In the new designed pKR-Tac vectors the par region from the broad host range RK2 plasmid
was introduced to enhance the distribution of the plasmids during cell division and to pre-
vent plasmid loss. All pKR-Tac-Par-eGFPAlacl vectors containing the different origins of repli-
cation were transformed into E. coli Top10 and R. eutropha H16 cells and the stability of the

plasmids in both strains was proven by performing the following plasmid stability assay.

For the E. coli Top10 strains a liquid overnight culture inoculated from a single colony was
grown in LB media under selective pressure (adding 40 pg/mL of kanamycin) at 37°C for 20-
24 h. At time point zero, 10 mL of LB media without selective antibiotics were inoculated
with the overnight culture to an ODgy of 0.2. An aliquot of the freshly inoculated liquid cul-
ture was diluted in LB media and the dilutions (10°-10®) were plated onto LB-agar plates
without selective antibiotic. The remaining liquid culture was grown for 24 h and the plates
were incubated at 37°C for 20-24 h. The resulting colonies were counted to determine the
CFU and tested for antibiotic resistance by stamping plates with appropriate amount of col-
onies (10-30 colonies per plate) onto LB-agar plates containing 40 ug/mL of kanamycin as
selective antibiotic, in order to determine the percentage of cells that had retained their
plasmid. The stamped plates were incubated for 20-24 h. After 24, 48, 72 and 96 h the whole
procedure starting with the inoculation of 10 mL LB media without selective antibiotics with

the preceding culture was repeated.

In Figure 21 a scheme for the plasmid stability assay of E. coli Top10 strains is illustrated.
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Figure 21: Scheme for the plasmid stability assay of E. coli Top10 strains: The preculture was inoculated from a
singly colony in LB media with 40 ug/mL kanamycin and incubated at 37°C for 20-24 h. After inoculating the
liquid culture at time 0 h with the preculture to an ODgy, of 0.2 an aliquot of 100 ulL was diluted (10'6-10'8) and
plated on LB agar plates. The plates were incubated at 37°C for 24 h and the resulting colonies were counted to
determine the CFU. By stamping plates with appropriate amount of colonies (10-30 colonies per plate) onto LB
agar plates + 40 ug/mlL kanamycin as selective antibiotic the percentage of cells that had retained their plasmid
was determined. The whole procedure was repeated after 24, 48, 72 and 96 h.

For the R. eutropha H16 strains the procedure was similar. However, 20 ug/mL of gentamy-
cin was added to the employed TSB media (TSBgenz0) and TSB agar plates (TSBgenzo agar
plates) in order to minimize the contamination risk with other bacteria. For the selective
pressure 200 ug/mL of kanamycin were added. The liquid overnight culture inoculated from
a single colony was grown in TSBgen20 media under selective pressure (adding 200 pg/mL of
kanamycin) at 28°C for 60-72 h. At time point zero, 10 mL of TSBgen20 media without selective
antibiotics were inoculated with the overnight culture to an ODggg of 0.2. An aliquot of 100
pL from the freshly inoculated liquid culture was diluted in TSBgen2o media and the dilutions
(10-10°®) were plated onto TSBgen2o agar plates without selective antibiotic. The remaining
liquid culture was grown for 24 h and the plates were incubated at 28°C for 70-72 h. The
resulting colonies were counted to determine the CFU and tested for antibiotic resistance,
by stamping plates with appropriate amount of colonies (10-30 colonies per plate) onto
TSBgen20 agar plates containing 200 pg/mL of kanamycin as selective antibiotic. The percent-

age of cells that had retained their plasmid was determined. The stamped plates were incu-
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bated for 20-24h. After 24, 48, 72 and 96 h the whole procedure starting with the inocula-
tion of 10 mL TSBgen20 media without selective antibiotics with the preceding culture was

repeated.

In Figure 22 a scheme for the plasmid stability assay of R. eutropha H16 strains is illustrated.
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Figure 22: Scheme for the plasmid stability assay of R. eutropha H16 strains: The preculture was inoculated
from a singly colony in TSBgenz0 media with 200 ug/mL kanamycin and incubated at 28°C for 60-72 h. After inoc-
ulating the liquid culture at time 0 h with the preculture to an ODgy, of 0.2 an aliquot of 100 uL was diluted (10
5—10'6) and plated on TSBgy.nz0 agar plates. The plates were incubated at 28°C for 72 h and the resulting colonies
were counted to determine the CFU. By stamping plates with appropriate amount of colonies (10-30 colonies
per plate) onto TSBgy.nz agar plates + 200 pg/mL kanamycin as selective antibiotic the percentage of cells that
had retained their plasmid was determined. The whole procedure was repeated after 24, 48, 72 and 96 h.

In addition to the determination of the CFUs and the percentage of cells that had retained
their plasmid, the average generation time and the number of generation in 24 h and in 96 h
could be calculated via the measured ODggo values during the plasmid stability assay:

logODy,, after 24 h—1ogODy,, at inoculation
log2

Number of generationsin24 h=

number of generationsin 24 h
24 h

*96 h

Number of generationsin96 h =

24 h
number of generationsin 24 h

Generation time =
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2.6 Detection methods for eGFP

2.6.1 Fluorescence microscope

For the detection of fluorescence the Leica DM LB2 microscope (Wetzlar, Germany) with the
HCX FL Fluotar 100x/1.30 oil objective in phase contrast (PH3) mode was used. Images were
taken using a Leica DFC350 FX monochrome Digital Camera. EGFP fluorescence was detected
via a Leica 100 W high pressure mercury lamp using emission bandpass filter at 450/490 nm
and suppression longpass filter at 515 nm (Filter I3, blue). All images were acquired and am-

plified eightfold using the Corel photo editor software.

For fluorescence microscopy the R. eutropha H16 strains were grown as liquid culture in
15 mL tubes, using 5 mL LB, MSM or TSB media with selective antibiotics for 60-72 h, until
they reached an ODggg between 0.8-3.5. For microscopy 5-8 uL of the liquid culture were
applied on a class plate (Carl Roth GmbH CO. KG) and covered with a covering glass (Carl
Roth GmbH CO. KG).

2.6.2 SDS-PAGE

The SDS-PAGE gels were performed with electrophoresis equipment from Hoefer, Inc. (SE
250 Mighty Small Il, Hoefer, Inc.; Holliston, USA). First the resolving gel was poured and cov-
ered with butanol. After 30 min the butanol was removed and the stacking gel was poured
on the top of the resolving gel. After another 30 min the gel was ready to load with the sam-

ples. All components for the gel are listed in Table 10 .
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Table 10: Components for the stacking and resolving gel for the SDS-PAGE (given volumes for two gels).

Components Stacking gel (4%) Resolving gel (12%)
H,0 5,6 mL 6 mL

Acrylamid (Bio-Rad, Hercules, USA) 6,4 mL 1,5mL

Resolving gel buffer (0.5 M Tris, 0.4 - 4 mL

% SDS, pH 8.8)

Stacking gel buffer (0.5 M Tris, 2.5mL -

0.4 % SDS, pH 6.8)

APS (10%) 50 pL 20 pL

TEMED 20 uL 15 ulL
Bromophenol Blue - 10 uL

For sample preparation 1 mL of fresh liquid cell cultures with known ODgq were centrifuged
and the supernatant was removed. The cell pellet was resuspended in potassium phosphate

buffer (pH7.4, 0.1 M). The volume was calculated with the following formulas:

e For E. coli Top 10 strains: Vpusfer= 33.3 * ODggo

e For R. eutropha H16 strains: Vpuffer= 15 * ODggg

For R. eutropha strains 10-15 pL of the resuspended cells and for E. coli strains just 3 uL were

used for further sample preparation:

R. eutropha E.coli

15 uL 3uL Resuspended cells
5uL 5uL FSB buffer (5x)

2 uL 2 uL NaOH (0.1 M)

2 uL 2 uL SDS (10%)

1.2 uL 1.2 uL B-Mercaptoethanol

- 12ul  KsPO, buffer (pH7.4, 0.1 M)

25.2 pL 25.2 L

The samples were heated at 99°C for 10 min in a thermomixer, briefly centrifuged and af-
terwards loaded directly on the gel. As standard 5 pL of the PageRuler™ Prestained Protein

Ladder (Thermo Scientific, St. Leon-Rot, Germany) (see Figure 23) were applied. The gel was
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covered with running buffer (25 mM Tris, 192 mM glycine, 0.1% SDS) and run for 10 min at
200V and then for ~ 60 min at 110 V.

kDa
—~170 |
—~130-|

Gel |~ Blot

Figure 23: Standard for SDS-PAGE: PageRuler™ Prestained Protein Ladder (Thermo Scientific).

Afterwards the gel was stained in Comassie Brilliant Blue (Brilliant Blue G 250, CARL ROTH
GMBH + CO. KG; Heidelberg, Germany) for 30 min and then destained again in 10% acetic

acid overnight.

2.6.3 Western Blot

For the Western Blot the unstained SDS-PAGE gel was transferred onto a nitrocellulose
membrane (Roti-NC HP40.1, 0.2 um, Carl Roth GmbH + CO.KG) using the TE22 Mini transfer
tank unit from Hoefer, Inc. (Holliston, USA). The transfer was performed at 240 mA for 45

min with the Power Ease500 from Invitrogen (Carlsbad, California, USA)

All necessary buffers during the blocking and washing procedure of the membrane are listed

in Table 11.

Table 11: Buffers used for the Western Blot

buffer component

PBS (10x) 80 g NaCl, 2 g KCl, 17.8 Na,HPO, x 2H,0, 2.4 g KH,PO,, add to
1000 mL H,0; pH 7.4

TBS 6.05 g Tris, 8.76 g NaCl, add to 1000 mL H,0; pH 7.5

1x PBS — 0.05% Tween 20 500 uL Tween 20, add to 1000 mL PBS (1x)

(Washing buffer)

Transfer buffer (20x) 14.5 g Tris, 72 g glycine, add to 500 mL H,0

Transfer buffer (1x) 50 mL transfer buffer (20x), 100 mL MeOH, add to 1000 mL H,0
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Afterwards the membrane was blocked with 1 % milk powder (dissolved in 50 mL of 1x PBS)
overnight at 4°C. The primary mouse eGFP antibody (dissolved in 1x PBS with 1% BSA,
1:1000 dilution) [Mono-clonal Anti-Green Fluorescent protein (GFP), N-terminal, antibody
produced in mouse, 2 mg/mL, G6795, Sigma-Aldrich; Vienna, Austria] was applied onto the
membrane for 2 h. After washing the membrane four times for 5 min with 1x PBS — 0.05%
Tween 20 buffer the secondary goat anti-mouse antibody with alkaline phosphates (dis-
solved in 50 mL 1% TBS and 1% BSA, 1:5000 dilution) (Goat-anti-mouse IgG-AP: Sc-2008, al-
kaline phosphatase conjugated, 400 pug/mL, Santa Cruz Biotechnology, Inc.; Santa Cruz, USA)
was applied on the membrane for 1 h. Then the membrane was washed again four times for
5 min. For the detection of the alkaline phosphatase a BCIP/NBT solution mixture (Invitro-
gen; Carlsbad, California, USA) was applied onto the membrane until a color development

was visible.

2.6.4 Measurement of Fluorescing Units

For the measurement of the fluorescing units the R. eutropha H16 strains were grown in
liguid LB media or MSM-Media + 3% Fructose containing the appropriate antibiotics (R. eu-
tropha H16: Gentamycin 20 pug/mL; R. eutropha H16 + plasmids: Gentamycin 20 pg/mL, Kan-
amycin 200 pg/mL). The ODgqg of the liquid culture was normalized by using 4 mL of a culture

with an ODsoo of 2.

The normalized amount of the liquid culture was centrifuged (in 15 mL Greiner tube) for
5 min and 4000 rpm at 4°C. The supernatant was discarded, 500 uL B-Per (Thermo Scientifc)
were added and the cell pellet was carefully resuspended (20 times up and down pipetting).
The mixture was transferred in a 1.5 mL Eppendorf tube and centrifuged for 5 min at full

speed at 4°C. The sample was kept on ice until measurement.

The fluorescing units were measured with a fluorimeter from BMG Labtech (FLUOstar Ome-
ga, BMG Labtech; Ortenberg, Germany). Therefore 200 pL of the supernatant were pipetted
in the wells of a black microtiter plate. The used program (eGFP_Steffen) included a pre-
shaking of the plate for 10 sec at 200 rpm. Excitation and emission wavelengths of 485 nm

and 520 nm, respectively, were used. Every sample was measured twice.
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2.7 Detection methods for LacZ

For the detection of LacZ two well-known methods were applied. After the transformation of
the pKR-Tac-Par-LacZAlacl REP vector into E.coli Topl0 the cells were plated out on agar
plates containing 5-bromo-4-chloro-indolyl-B-D-galactopyranoside (X-Gal). This sugar com-
ponent is an analog of lactose and can be hydrolyzed enzymatically by B-galactosidase gen-
erating the 5-Bromo-4-chloro indigo dye which turns blue under the presence of oxygen. Via
this blue-white screening positive clones of E. coli [pKR-Tac-Par-LacZAlacl REP] could easily

be identified.

However, this method cannot be applied for R. eutropha H16 strains because the lactose
transport system which would be necessary for the assimilation of X-gal is missing [8], [88].
Therefore the B-galactosidase assay was employed for the detection of the presence of lacZ
and the expression of B-galactosidase. This assay is a well-developed method to measure the
level of B-galactosidase. The assay is based on the enzymatic conversion of the colorless or-
tho-Nitrophenyl-B-galactoside (oNPG) via the B-galactosidase into galactose and the yellow
ortho-Nitropheol (oNP). The amount of produced oNP can be measured at 420 nm. For the
assay the cells have to be grown in minimal medium A overnight at 37°C (E. coli Top10
strains) or 28°C (R. eutropha H16 strains). The next day the ODggg was measured in microtiter
plates at the plate reader (FLUOstar Omega, BMG Labtech; Ortenberg, Germany). Then 150
uL of the ONCs were mixed with 850 uL Z-buffer (add 50 mM B-Mercaptoethanol just before
the assay). For E.coli Top 10 strains 50 pL chloroform and 25 plL SDS (0.1%) were applied to
the samples. For R. eutropha H16 strains the double amount of chloroform (100 mL) and SDS
(50 pL) had to be added to achieve proper cell disruption [89]. Then the samples were mixed
equally for around 30 sec (7-8 times up and down pipetting). After the mixing 125 uL of the
upper phase were pipetted into a microtiter plate and incubated for 5 min at room tempera-
ture. Then the reaction was started via adding 25 pyL of oNPG-solution for E.coli Top 10
strains and 200 pL oNPG to R. eutropha H16 strains [89]. After a defined incubation time (3
min for E.coli strains, 15-30 min for R. eutropha strains) the reaction was stopped by adding

65 uL Na,COs (1 M). All necessary buffers, media and solutions are listed in Table 12.
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Table 12: Necessary buffers, media and solutions for the 8-galactosidase assay

buffer/media/solutions components

Z-buffer 10.7 g/L Na,PHO,, 6.3 g/L NaH,P0O,, 10 mM KCl, 1 mM MgS04, add to
1000 mL H,0; pH 7; add 50 mM B-Mercaptoethanol

phosphate buffer (0.1 M) 2.75 g Na,PHO,, 1.46 g NaH,P0O4add to 250 mL H,0; pH 7

Minimal media A 10.5 g/L K,PHO,, 4.5 g/L KH,PO,,, 1.0 g/L(NH,4),S0,, 0.5 g/L Na-Citrat,

3.0 g/L Casamino acids (FIRMA) add to 977 mL H,0, autoclave; add 1
mL MgSO, (1 M), 20 mL Glucose (20%), 2 mL Thiamin (10 mg/mL)
(sterile filtrated)

oNPG (4 mg/mL) dissolve in 0.1 m phosphate buffer

Afterwards the absorbance of the samples was measured at 420 nm (measuring the amount
of produced oNP) and at 550 nm (measuring the absorbance and scattering caused by cell

residues), using Z-buffer with oNPG solution and Na,COs as blank.

In order to determine and compare the produced amount of B-galactosidase the Miller-Units

could be calculated:

Miller-Units = 1000* OD420 -1.75* OD550 OD4;0: amount of produced oNP

t*V * ODgy, ODss: scattering caused by cell residues
ODggo: optical cell density
t: time [min]

V: volume of used cell culture [mL]
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3 Results

3.1 Vector construction
3.1.1 pKR-Tac-Par-eGFPAlacl REP

The construction of the pKR-Tac-Par-eGFPAlacl REP vector was based on the pKR-Tac-Par-
29.1-eGFPAlacl REP vector containing the Tac promoter, the REP origin of replication, the
kanamycin resistance gene, egfp as reporter gene and the par29.1 sequence originated from
the pCM470 DsbC APLEC8P par29 plasmid. However, in par29.1 the last 50 bp of the original
parE and a terminator sequence were missing. Therefore the pKR-Tac-Par-29.1-eGFPAlacl
REP vector was cut with Spel to replace the old par29.1 sequence with the new par se-
guence from the RK2 plasmid. The par region was amplified via overlap extension PCR, in
order to delete an Ndel restriction site in between the par sequence. Two standard PCRs
(conditions see Table 6) were performed: from the beginning of the parA gene to the Ndel
(1550 bp) site and from the Ndel site to the end of the parE gene (589 bp). The control gel of
the two PCR products is shown in Figure 24 (A). The two fragments were then joined via an
overlap extension PCR (conditions see Table 7) resulting in the par sequence with a deleted
Ndel site. Furthermore a terminator sequence (T.13,) was added to the end of parE and on
both ends of the sequence Spel restriction sites were attached. In Figure 24 (B) the control
gel of the overlap extension PCR product (2256 bp) (lanel) as well as the cut vector back-

bone of pKR-Tac-par29.1-eGFPAlacl REP (4653 bp) (lane2) is shown.
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Figure 24: (A) Agarose gel of the two PCR products used for the overlap extension PCR of the par sequence: St:
GeneRuler™ DNA Ladder Mix 500 ng, lane 1: Fragment from parA to Ndel (1550 bp), lane 2: Fragment from
Ndel to parE (589 bp); (B) Agarose gel of the overlap extension PCR product for the par sequence and of the
vector backbone: St: GeneRuler™ DNA Ladder Mix 500 ng, lane 1: par sequence (2256 bp), lane 2: pKR-Tac-
par29.1-egfp- Alacl cut with Spel (4653 bp);

After ligation of the vector backbone with the par sequence and transformation in E. coli
Top10 green fluorescing colonies, showing the expression of eGFP, could be detected. Out of
four clones plasmid DNA was isolated and a control cut with Spel was performed and ana-

lyzed via gel electrophoresis. (See Figure 25)
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Figure 25: Agarose gel of the control cut of the isolated plasmid DNA out of four different clones (lane 1-4): pKR-
Tac-Par-egfpAlacl Rep cut with Spel (vector backbone: 4653 bp, par Sequence: 2256 bp), St: GeneRuler™ DNA
Ladder Mix 500 ng;

The isolated plasmid DNA of all clones showed the right restriction pattern for the vector

backbone (at 4653 bp) and the par sequence (at 2256 bp). The plasmid DNA of the first clone
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was transformed in R. eutropha H16 and used for further experiments like the plasmid sta-

bility assay and the detection of eGFP.

3.1.2 pKR-Tac-Par-eGFPAlacl oriV393/0riV632

In order to establish a set of expression vectors with different origins of replication the REP
sequence of the pKR-Tac-Par-eGFPAlacl REP was replaced with two forms of the oriV se-
guence from the RK2 plasmid — oriV393 and oriV632. For further description of the oriV se-

quence see Figure 2.

For the construction of the pKR-Tac-Par-eGFPAlacl oriV393 and the pKR-Tac-Par-eGFPAlacl
oriV 632 vectors the sequence of the short oriV393 and the longer oriV632 region from the
RK2 plasmid were amplified via PCR. However, in order to remove a tetracycline resistance
gene in between the oriV and the Rep sequence two standard PCRs were performed (condi-
tions see Table 6). Both sequences were amplified with primers containing an additional
overlap of 20 bp. The control gel of the three PCR products is shown in Figure 26 (A). The
particular fragments — Rep and oriV with 393 bp or Rep with oriV with 632 bp — were then
combined via an overlap extension PCR (conditions see Table 7) resulting in the orivV393

(2097 bp) or the oriV632 (2335 bp) (see Figure 26 (B)).

(A) (B) st 12
1000 VE32: 2335
bp P ori Ja}
- oriVIsa: 2097 bp
Rep: 4553 bp
1000 bp
oriV: 632 bp
onv; 393 bp 500 b

Figure 26: (A) Agarose gel of the PCR products of the overlap extension PCR for the oriV393/oriV632: St. Gene-
Ruler™ DNA Ladder Mix 500 ng, lane 1: Rep sequence originated from RK2 plasmid (1618 bp) and lane 2: 393
bp fragment of oriV from RK2 plasmid (393 bp), lane 3:632 bp fragment of oriV from the RK2 plasmid ; (B) Aga-
rose gel of the overlap extension PCR for the oriV393 and oriV632: St. GeneRuler™ DNA Ladder Mix 500 ng, lane
1: 0riV393 (2097 bp) and lane 2: oriV632 (2335 bp);

The exchange of REP seqgeunce in the pKR-Tac-Par-eGFPAlacl REP vector with the oriV393 or

oriV632 via the Spel and Pstl restriction sites included the removal of the par sequence



Results 56

which resulted in an unstable vector. The par sequence had to be moved in another position
before the new origins could be introduced. Therefore the pKR-Tac-Par29.1-eGFP REP vec-
tor, containing the /lacl gene between the Pstl and Notl restriction was used. The old par29.1
was removed via cutting with Spel and the vector backbone was relegated afterwards. Then
the lacl gene was removed via cutting with Pstl and Notl and replaced with the par se-
guence, which was amplified via PCR with new primers attaching a Pstl and Notl restriction
site to the end of parA and of parE gene. The control gels for the vector backbone (pKR-Tac-
APar29.1-eGFPAlacl, 4107 bp) and the new par sequence with Pstl and Notl restriction site
(2660bp) are shown in Figure 27 (A) and (B). After the ligation and transformation of the
new designed vector pKR-Tac-Par-eGFPAlacl Rep with the par sequence between the Pstl
and Notl restriction sites in E.coli Top10 cells the vector was isolated for a control cut. The

control gel is shown in Figure 27 (C).

(A) g 1 (B) (c) S 12
wiector bib:
prR-Tac-APar2o.i-
eGFPAlacl cut with o
. = pstl+hot| ‘Wector bb: 4107 bp
3000 -
o 4107 b|:l 3000 tlFl | — par 3000 bFI par. 22607 bp
2260 bp
1000 bp 1000 bp 1000 bp

Figure 27: (A) Agarose gel of the vector backbone: St. GeneRuler™ DNA Ladder Mix 500 ng, lane 1: pKR-Tac-
APar29.1-egfpAlacl cut with Psti+Notl (4107 bp); (B) Agarose gel of the par PCR product with Pstl and Notl re-
striction site: St. GeneRuler”' DNA Ladder Mix 500 ng, lane 1: par sequence with Pstl+Notl (2260 bp); (C) Aga-
rose gel of control cut of the new designed vector pKR-Tac-Par-egfpAlacl Rep with Pstl+Notl: St. GeneRuler™
DNA Ladder Mix 500 ng, lane 1: uncut vector, lane 2. Cut vector with Pstl and Notl (vector backbone: 4107 bp,
Par: 2260 bp).

The new vector pKR-Tac-Par-eGFPAlacl REP with the par sequence located between Pstl and
Notl was cut with Spel and Pstl in order to exchange the old origin of replication REP with the
new designed oriV393 or oriV632. After the ligation of the backbone (4652 bp) with the new
origins (oriV393: 2097 bp, oriV632: 2335 bp) and the transformation of the new vectors in E.
coli Top10 the grown colonies showed a strong fluorescence signal under see microscope,
indicating the successful expression of eGFP. The plasmid DNA was isolated from the gained

clones (10 clones per origin) and cut with Spel and Pstl to determine the positive ones. The
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control cuts of the plasmid DNA of the different clones for the vector pKR-Tac-Par-eGFPAlacl

oriV393 respectively oriV632 are shown in Figure 28 (A) and (B).

(A)

5 1 23 456 7 &8 9 10
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Figure 28: (A) Agarose gel of the control cut of the pKR-Tac-Par-egfpAlacl oriV393 vector: St. GeneRuler™ DNA
ladder Mix 500 ng, lane 1-10: cut vector DNA of the clones 1-10 (appropriate bands: vector backbone: 4652 bp,
oriV393: 2097 bp); (B) Agarose gel of the control cut of the pKR-Tac-Par-egfpAlacl oriV632 vector: St. GeneRul-
er™ DNA Ladder Mix 500 ng, lane 1-10: cut vector DNA of the clones 1-10 (appropriate bands: vector backbone:
4652bp , oriV632: 2335 bp);

For pKR-Tac-Par-eGFPAlacl oriV393 the positive clones containing the desired plasmid were
clones number 1, 7, 8, 9 and 10 (Figure 28 (A) lane 1, 7, 8, 9, 10) and for pKR-Tac-Par-
eGFPAlacl oriV632 clones number 7 and 10 (Figure 28 (B) lane 7, 10). Both clones number 7
were sent for sequencing. However, the sequencing results showed mutations in the region
of the oriV — at the short and long variant. Therefore also the clones’ number 10 and the
pJET-vectors containing the oriV393 or oriV632 sequence were sequenced, which showed all
similar mutations. Through comparison of both sequences to the original NCBI sequence of
the Birmingham IncP a RK2 plasmid (accession number: BN000925) [30] two mutations

could be located in the sequence of the smaller variant of the oriV (393 bp) and three muta-
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tions in the longer form (632 bp). In Table 13 the position of the mutations in the actual se-

guence compared to the NCBI sequence are shown.

Table 13: Mutations in the sequence of the oriV393 and oriV632 origin of replications compared to the sequence
of the Birmingham IncP a RK2 plasmid [30].

Origin Position Mutation
oriV393 180 bp A->C

347 bp additional T
oriV632 136 bp AT

418 bp A->C

585 bp additional T

The two mutations in the oriV393 sequence at 180 bp and 347 bp are the same mutations
than in the oriV632 sequence at position 418 and 585. In the first mismatch at position 180
(at oriV393) and 418 (at oriV632), respectively an A to C exchange occurred. The second mu-
tation led to an insertion of an additional tyrosine base at position 347 (at oriV393) and 585
(at oriV632). The oriV632 sequence is 293 bp longer than the oriV393 sequence and in this
region also a third mutation, the exchange from an adenosine to a tyrosine base at position
136 occurred. However, the mutations are located in no specific regions of the oriV se-
quence. The two mutations occurring in both sequences are between the interon repeats
and after the AT-rich region. The additional mutation on the oriV632 sequence is located
around 20 bp upstream o the first iterons sequence. The sequence of the oriV393 and the

oriV632 with the mutations (marked with red letters) is illustrated in Appendix 3: Sequences.

However, through Blast search several plasmid derived from the RK2 plasmid carrying the
RK2 mini-replicon could be discovered, which possessed the same mutations found in our
sequence. Some example for these plasmid are the pBS228 plasmid (accession number:
AY204475) [90] as well as the pRK290 plasmid [91]. From the latter several different cloning
vectors were derived like the pRK310 (Accession number: AF327712) [92] and the smaller
pRK404 plasmid (Accession number: AY204475) [93] which are able to replicate in many
gram-negative bacteria, like R. eutropha [94-96]. Therefore the differences in the oriV se-
qguence of our vectors compared to the original RK2 sequence should have no effect on the
function of the mini-replicon. The results of the Blast search may lead to the assumption that

two different, but functional, versions of the oriV sequence of the RK2 plasmid exist.
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For the preceding experiments regarding the plasmid stability tests and detection of eGFP
the plasmid DNA of both vectors pKR-Tac-Par-eGFPAlacl oriV393 and pKR-Tac-Par-eGFPAlacl

oriV632 was transformed into R. eutropha H16.

3.1.3 pKR-Tac-Par-eGFPAlacl RSF1010

In order to establish a fourth expression vector with a different origin of replication the pKR-
Tac-Par-eGFPAlacl oriV393 vector was cut with Spel and Pstl to replace the oriV393 with the
RSF1010 from the pKT231 plasmid. The sequence of the RSF1010 origin of replication was
amplified via PCR adding the restriction sites Spel and Pstl. In Figure 29 (A) and (B) the con-
trol gels of the RSF1010 PCR product (5746 bp) and the pKR-Tac-Par-eGFPAlacl AoriV393

vector backbone (4652 bp) are shown.
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Figure 29: (A) Agarose gel of the RSF1010 PCR product: St. GeneRuler™ DNA Ladder Mix 500 ng, lane 1:
RSF1010 (5746 bp); (B) agarose gel of the vector backbone of the pKR-Tac-Par-egfpAlacl oriV393 cut with Spel
and Pstl: St. GeneRuler™ DNA Ladder Mix 500 ng, lanel: vector backbone (4652 bp);

After ligation and transformation of the new designed vector pKR-Tac-Par-eGFPAlacl
RSF1010 in E.coli Top10 cells green fluorescing transformants were streaked out for plasmid
isolation and the plasmid DNA was analyzed via various restriction digests. In Figure 30 the
plasmid DNA from one clone was cut with the following enzyme combinations: Spel (lane2,
linearized vector: 10390 bp), Pstl (lane 3, linearized vector: 10390 bp), Pstl+Notl (lane 4,
backbone: 8130 bp, Par: 2260 bp), Spel+Notl (lane 5, backbone: 2404 bp, RSF1010+Par: 7986
bp), Smal (lane 6, backbone: 8793 bp, eGFP+Kan": 1597 bp).
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Figure 30: Agarose gel wih different control cuts of the pKR-Tac-Par-egfpAlacl RSF1010 vector: St. GeneRuler™
DNA Ladder Mix 500 ng, lane 1: uncut vector, lane 2: vector cut with Spel (linearized vector: 10390 bp), lane 3:
vector cut with Pstl (linearized vector: 10390 bp), lane 4: vector cut with Pstl+Notl (backbone: 8130 bp, Par:
2260 bp), lane 5: vector cut with Spel and Notl (backbone: 2404 bp, RSF1010+Par: 7986 bp), lane 6: vector cut
with Smal (backbone: 8793 bp, egfp+Kan": 1597 bp);

The results of the enzyme digests of the pKR-Tac-Par-eGFPAlacl RSF1010 (shown in Figure
30) showed the expected restriction patterns for all performed digests. However, for each
restriction an additional band between 4000 to 5000 bp occurred. Regarding the uncut
plasmid in lane 1 three or even four bands could be detected. The highest band could be the
open circular form which is more bulky and moves rather slowly through the agarose gel,
whereas the two bands at around 10000 bp should be the linear form of the plasmid. The
lowest band between 4000 to 5000 bp could be a tight supercoiled form of the plasmid
which is smaller and moves faster through the agarose gel then the linear form. Therefore, it
seemed that the additional band at 4000 to 5000 bp occurring for each restriction digest is a
very tight supercoiled form of the plasmid which could not be cut by the restriction enzymes.
In order to confirm this assumption the band was cut out of the gel, cleaned up and trans-
formed again in E. coli Top10 cells. The green fluorescence of the gained transformants was
a signal for eGFP expression and the presence of the pKR-Tac-Par-eGFPAlacl RSF1010 vector.
The plasmid DNA of some clones was then again isolated and digested, resulting in the de-

sired restriction pattern and the additional band at 4000-5000 bp.

Afterwards the isolated plasmid DNA of the analyzed clone was sent for sequencing. As no

mutation in the RSF1010 sequence was found the pKR-Tac-Par-eGFPAlacl RSF1010 vector
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was transformed into R. eutropha H16 via electro transformation and conjugation. Further

experiments regarding plasmid stability tests and detection of eGFP were performed.

3.1.4 pKR-Tac-Par-lacZAlacl REP

In order to generate an expression vector containing another reporter gene the egfp gene in
the pKR-Tac-Par-eGFPAlacl REP vector was replaced with the lacZ gene. LacZ was cut out of
the pRS415 using. egfp was removed from the pKR-Tac-Par-eGFPAlacl REP vector by cutting
with the Xbal and Hindlll restriction enzymes and the backbone (5606 bp) was ligated with
lacZ (3078 bp) and transformed into E. coli Top10. The control gel of the vector backbone
and insert is shown in Figure 31 (A). After the ligation and the transformation in E. coli the
cells were plated on X-Gal plates in order to detect positive transformants via the blue/white
screening. The new vector was isolated from the blue clones and cut with Xbal and Hindlll to
determine the positive ones. The control cuts of the isolated plasmid DNA of nine different

clones are shown in Figure 31 (B).
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Figure 31: (A) Agarose gel of the lacZ gene from the pRS415 and the vector backbone of pKR-Tac-Par-egfpAlacl
Rep, both cut with Xbal and Hindlll: St. GeneRuler™ DNA Ladder Mix 500 ng, lanel: lacZ cut with Xbal and Hinlll
(3078 bp), lane 3: pKR-Tac-Par-egfp Alacl Rep cut with Xbal and Hindlll (5606 bp); (B) Agarose gel of the control
cut of the pKR-Tac-Par- lacZAlacl Rep vector with Xbal and Hindlll: St. GeneRuler™ DNA Ladder Mix 500 ng, lane
1-9: clones 1-9 (appropriate bands: vector backbone: 5606 bp, lacZ: 3078 bp)

After the restriction analysis the pKR-Tac-Par- LacZAlacl REP vector from clone number 7 was

transformed into R. eutropha H16 and tested for the expression of the B-galactosidase.

However, via cutting the pKR-Tac-Par-eGFPAlacl REP vector with Xbal the Shine-Dalgarno

sequence, which is located between the Xbal and the Ndel restriction site, was removed
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from the vector. In order to maintain the Shine Dalgarno sequence on the vector ensuring
smooth expression, the lacZ was amplified via PCR from the pRS415, adding an Ndel and
Hindll restriction site. Due to an Ndel restriction site, which was located on the end of the
lacZ sequence (marked in Figure 17) an overlap extension PCR was necessary for its muta-
tion. First two standard PCRs were performed from the beginning of lacZ to the Ndel (~3000
bp) site and from Ndel site to the end of lacZ (~100 bp). The concentration of the PCR prod-
ucts was measured via the NanoDrop2000 (Thermo Scientifc). The two fragments were then
combined via an overlap extension PCR resulting in lacZ with a deleted Ndel site (3085 bp).
After cutting the lacZ PCR product and the pKR-Tac-Par-eGFPAlacl REP vector with Ndel and
Hindlll the vector backbone (5650 bp) and the insert (3085 bp) for the ligation was received
(see Figure 32 (A)). After ligation and transformation of the new designed vector pKR-Tac-
Par-LacZAlacl REP in E.coli Top10 the cells were plated out on X-Gal plates to identfify posi-
tive transformants via the blue/white screening. Blue colonies were streaked out for plasmid

isolation and the isolated plasmid DNA was tested via the control cut with Ndel and Hindlll

(see Figure 32 (B)).
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Figure 32: (A) Agarose gel of the lacZ and the vector backbone of pKR-Tac-Par-egfpAlacl Rep, both cut with
Ndel and Hindlll: St. GeneRuler™ DNA Ladder Mix, lanel: lacZ (3085 bp), lane 2: pKR-Tac-Par-egfpAlacl Rep cut
with Ndel and Hindlll (vector backbone: 5650 bp); (B) Agarose gel of the control cut of the pKR-Tac-Par-
lacZAlacl REP vector with Ndel and Hindll: St. GeneRuler” DNA Ladder Mix, lanel: uncut vector, lane 2: pKR-
Tac-Par-lacZAlacl Rep cut with Ndel and Hindlll (vector backbone: 5650 bp, lacZ 3085 bp);

The plasmid DNA of the analyzed clone showed the right bands for the vector backbone (at
5650 bp) and the lacZ gene (at 3085 bp). Afterwards the DNA was send for sequencing.
Hereby no additional mutations in the lacZ sequence were found and the pKR-Tac-Par-
LacZAlacl REP vector was directly transformed in R. eutropha H16 for the detection of the

LacZ protein.
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3.2 Plasmid stability

In the new designed pKR-Tac vectors the par region originating from the broad-host-range
RK2 plasmid was introduced to enhance the distribution of the plasmids during cell division
and to prevent plasmid loss. All vectors containing different origins of replication were trans-
formed into E.coli Top10 and R. eutropha H16 and the plasmid stability was analyzed over a

time period of 96 h.

The preculture was inoculated from a singly colony in appropriate media with selective anti-
biotic. In the following five days, each time after 24 h of incubation 10 mL of fresh media
without selective antibiotics were inoculated with the corresponding preculture to an ODggg
of 0.2. Out of this new culture an aliquot of 100 pL was used to prepare suitable dilutions for
plating out on agar plates, which were incubated for 1 day at 37°C. For the E.coli Top 10 cul-
tures the best dilutions were in the range of 10°-10". The R. eutropha H16 cultures were
diluted in the range of 10°-10° and plated out on TSBgenzo agar plates, which were incubated
for 3 days at 28°C. After determining the CFUs plates containing an appropriate number of
colonies (10-30 colonies per plate) were stamped onto agar plates containing a selective
antibiotic and incubated for 24 h. By comparing the number of colonies in the agar plates
with and without selective antibiotic the percentage of cells that had retained their plasmid
was identified. Furthermore the number of generations in 24 h and in 96 h as well as the
generation time per hour could be calculated. In the following tables the results for the dif-

ferent vectors in E. coli Top10 and R. eutropha H16 are listed.

In Table 14 and Table 15 the plasmid stability assay results of the plasmid pKR-Tac-Par-
eGFPAlacl REP in E. coli Top 10 and R. eutropha H16 are shown.
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Table 14: Results of the plasmid stability assay of the E. coli Top 10 [pKR-Tac-Par-egfpAlacl REP] strain and its
average generation time as well as the number of generations in 24 h and 96 h.

Oh 24 h 48 h 72 h 96 h
MW ODgq (precultures) 1.57° 1.98 1.82 3.52 3.92
Generation time [h] - 7.2 7.3 6.0 5.6
number of generations in 24 h - 3.3 3.2 4.0 43
CFUs on LB (1) 5%10’ 6*10’ 7*10° 8*10’ 9*10°
CFUs on LB + Kan 40pg/mL (1) 5%10’ 6*10’ 7*10° 8%10’ 9*10°
CFUs on LB (2) 3*10’ 3*10’ 17*10° 7*10 9*10°
CFUs on LB + Kan 40pug/mL (2) 3*10’ 3*10’ 17*10° 7%10’ 9*10°
CFUs on LB (3) 2*10’ 6*10° 2*10’ 3*10’ 8*10°
CFUs on LB + Kan 40pg/mL (3) 2*10’ 6*10° 2*10’ 3*10’ 8*10°
Plasmid stability in 96 h [%] 100
Average Generation time [h] 6.4
Average no. of generations in 24 h 3.75
Average no. of generations in 96 h 15

% Here the ODggo of the preculture is given, which was inoculated with a single colony.
(1)-(3) mark the results of the triple determination.

Table 15: Results of the plasmid stability assay of the R. eutropha H16 [pKR-Tac-Par-egfpAlacl REP] strain and
its average generation time as well as the number of generations in 24 h and 96 h.

Oh 24 h 48 h 72 h 96 h
MW ODgy (precultures) 3.23° 2.51 3.54 3.82 4.36
Generation time [h] - 6.6 6.0 5.7 5.4
number of generations in 24 h - 3.6 4.0 4.2 4.4
CFUs on TSB + Gen 20 pug/mL (1) 9*10° 3*10° 14*10° 4*10° 5%10°
CFUs on TSB + Gen 20 mL + Kan
200 pg/mL (1) ne/ 9*10° 3*10° 14*10° 4*10° 5%10°
ug/m
CFUs on TSB + Gen 20 pug/mL (2) 3*10° 4*10° 10*10° 4*10° 8*10°
CFUs on TSB + Gen 20 mL + Kan
200 pg/mL (2) he/ 3*10° 4*10° 10*10° 4*10° 8*10°
ug/m
CFUs on TSB + Gen 20 pg/mL (3) 5%10° 3*10° 5%10° 3*10° 6*10°
CFUs on TSB + Gen 20 mL + Kan
200 pg/mL (3) ne/ 5%10° 3*10° 5%10° 3*10° 6%10°
ug/m
Plasmid stability in 96 h [%] 100
Average Generation time [h] 5.9
Average no. of generations in 24 h 4.1
Average no. of generations in 96 h 16

@ Here the ODgg Of the preculture is given, which was inoculated with a single colony.
(1)-(3) mark the results of the triple determination.

Regarding the results of the plasmid stability it is obviously that the pKR-Tac-Par-eGFPAlacl

REP vector was 100% stable in E. coli Top 10 as well as in R. eutropha H16 over the time pe-
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riod of 96 h. The average generation time in E.coli Top10 and in R. eutropha H16 was deter-
mined as 6.4 h respectively 5.9 h. Therefore the stability of the vector during 15 generations
in E. coli Top 10 and during 16 generations in R. eutropha H16 had been proven. In Figure 33

the stability of the plasmid in both strains is illustrated for the time period of 96 h.
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Figure 33: Stability of the plasmid pKR-Tac-Par-egfpAlacl REP in E.coli Top10 and R. eutropha H16 over the time
period of 96 h.

In Table 16 and Table 17 the results of the plasmid stability assay for strains E. coli Top10
[pKR-Tac-Par-eGFPAlacl oriV393] and R. eutropha H16 [pKR-Tac-Par-eGFPAlacl oriV393] are

shown.

Table 16: Results of the plasmid stability assay of the E. coli Top 10 [pKR-Tac-Par-egfpAlacl oriV393] strain and
its average generation time as well as the number of generations in 24 h and 96 h.

Oh 24 h 48 h 72 h 96 h
MW ODgy, (precultures) 1.85° 2.98 2.75 2.83 2.43
Generation time [h] - 6.0 6.3 6.0 6.7
number of generations in 24 h - 4.0 3.8 4.0 3.6
CFUs on LB (1) 32*10° 8*10° 33*10° 10*10° 12*10°
CFUs on LB + Kan 40pg/mL (1) 32*10° 8*10° 33*10° 10*10° 12*10°
CFUs on LB (2) 21*10’ 10*10° 16*10° 11*10° 31*10°
CFUs on LB + Kan 40pg/mL (2) 21*10 10*10° 16*10° 11*10° 31*%10°
CFUs on LB (3) 40*10’ 20*10° 31*10° 24*10° 9*10°
CFUs on LB + Kan 40pg/mL (3) 40*10’ 20*10° 31*10° 24*10° 9*10°
Plasmid stability in 96 h [%] 100
Average Generation time [h] 6.3
Average no. of generations in 24 h 4.0
Average no. of generations in 96 h 16

@ Here the ODggo Of the preculture is given, which was inoculated with a single colony.
(1)-(3) mark the results of the triple determination.
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Table 17: Results of the plasmid stability assay of the R. eutropha H16 [pKR-Tac-Par-egfpAlacl oriV393] strain
and its average generation time as well as the number of generations in 24 h and 96 h.

Oh 24 h 48 h 72 h 96 h
MW ODgq (precultures) 1.49 ¢ 3.50 4.52 5.51 5.17
Generation time [h] - 5.9 53 5.0 5.1
number of generations in 24 h - 4.1 4.5 4.8 4.7
CFUs on TSB + Gen 20 pg/mL (1) 11*10° 9*10° 11*10° 40*10° 50%10°
CFUs on TSB + Gen 20 mL + Kan
200 ug/mL (1) he/ 11*10° 9*10° 11*10° 40*10° 50%10°
ug/m
CFUs on TSB + Gen 20 pg/mL (2) 92*10° 8*10° 8*10° 32*10° 52%10°
CFUs on TSB + Gen 20 mL + Kan
200 ug/mL (2) he/ 92*10° 8*10° 8*10° 32*10° 52%10°
ug/m
CFUs on TSB + Gen 20 pg/mL (3) 70*10° 21*10° 6*10° 50*10° 22*10°
CFUs on TSB + Gen 20 mL + Kan
200 ug/mL (3) ne/ 70*10° 21*10° 6*10° 50*10° 22*10°
ug/m
Plasmid stability in 96 h [%] 100
Average Generation time [h] 5.3
Average no. of generations in 24 h 4.5
Average no. of generations in 96 h 18

% Here the ODggo of the preculture is given, which was inoculated with a single colony.
(1)-(3) mark the results of the triple determination.

The results of the plasmid stability assay showed 100% stability for the plasmid pKR-Tac-Par-
eGFPAlacl oriV393 in E. coli Top 10 as well as in R. eutropha H16 over the time period of
96 h. The average generation time in E.coli Top10 and in R. eutropha H16 was determined as
6.3 h and 4.5 h, respectively. The vector was 100% stable during 16 generation in E.coli
Topl10 and 18 generations in R. eutropha H16. In Figure 34 the stability of the plasmid in

both strains is illustrated for the time period of 96 h.
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Figure 34: Stability of the plasmid pKR-Tac-Par-egfpAlacl oriV393 in E.coli Top10 and R. eutropha H16 over the
time period of 96 h.
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The results of plasmid stability assay for the plasmid pKR-Tac-Par-eGFPAlacl oriV632 in E. coli

Top10 and R. eutropha H16 are shown in Table 18 and a Here the 0D600 of the preculture is given, which
was inoculated with a single colony.

(1)-(3) mark the results of the triple determination.

Table 19.

Table 18: Results of the plasmid stability assay of the E. coli Top 10 [pKR-Tac-Par-egfpAlacl oriV632] strain and
its average generation time as well as the number of generations in 24 h and 96 h.

Oh 24 h 48 h 72 h 96 h
MW ODgy (precultures) 1.81° 2.95 2.64 2.61 2.43
Generation time [h] - 6.0 6.3 6.4 6.7
number of generations in 24 h - 4.0 3.8 3.75 3.6
CFUs on LB (1) 15*10° 15*10° 21*10° 18*10° 15*10°
CFUs on LB + Kan 40pug/mL (1) 15*10° 15*10° 21*10° 18*10° 15*10°
CFUs on LB (2) 39*10° 28*10° 16*10° 16*10° 10*10°
CFUs on LB + Kan 40pg/mL (2) 39*10° 28*10° 16*10° 16*10° 10*10°
CFUs on LB (3) 27*10° 25*10° 12*10° 21*10° 19*10°
CFUs on LB + Kan 40pug/mL (3) 27*10° 25*10° 12*10° 21*10° 19*10°
Plasmid stability in 96 h [%] 100
Average Generation time [h] 6.4
Average no. of generations in 24 h 3.75
Average no. of generations in 96 h 15

@ Here the ODgg Of the preculture is given, which was inoculated with a single colony.
(1)-(3) mark the results of the triple determination.

Table 19: Results of the plasmid stability assay of the R. eutropha H16 [pKR-Tac-Par-egfpAlacl oriV632] strain
and its average generation time as well as the number of generations in 24 h and 96 h.
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Oh 24 h 48 h 72 h 96 h

MW ODgy, (precultures) 1.76° 3.18 3.31 3.89 4.26

Generation time [h] - 6 6 5.6 5.4

number of generations in 24 h - 4 4 4.3 4.4

CFUs on TSB + Gen 20 pg/mL (1) 4*10° 4*10° 10*10° 5*10° 10*10°

CFUs on TSB + Gen 20 mL + Kan

200 ug/mL (1) he/ 4*10° 4*10° 10*10° 5*10° 10*10°
ug/m

CFUs on TSB + Gen 20 pg/mL (2) 5%10° 3*10° 11*10° 4*10° 13*10°

CFUs on TSB + Gen 20 mL + Kan

200 ug/mL (2) ne/ 5*10° 3*10° 11*10° 4*10° 13*10°
ug/m

CFUs on TSB + Gen 20 pg/mL (3) 6*10° 5%10° 9*10° 7*10° 4*10°

CFUs on TSB + Gen 20 mL + Kan

200 ug/mL (3) ne/ 6*10° 5*10° 9*10° 7*10° 4*10°
ug/m

Plasmid stability in 96 h [%] 100

Average Generation time [h] 5.75

Average no. of generations in 24 h 4.2

Average no. of generations in 96 h 17

@ Here the ODggo Of the preculture is given, which was inoculated with a single colony.
(1)-(3) mark the results of the triple determination.

The pKR-Tac-Par-eGFPAlacl oriV632 vector showed 100 % stability in E. coli Top 10 as well as
in R. eutropha H16 over the time period of 96 h .(See Figure 35) The average generation time
in E.coli Top10 and in R. eutropha H16 was determined as 6.4 h respectively 5.75 h. There-

fore the vector was 100% stable during 15 and 17 generation in E.coli Top10 and in R. eu-

tropha H16, respectively.
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Figure 35: Stability of the plasmid pKR-Tac-Par-egfpAlacl oriV632 in E.coli Top10 and R. eutropha H16 over the

time period of 96 h.

The results of plasmid stability assay for the plasmid pKR-Tac-Par-eGFPAlacl RSF1010 in E.

coli Top 10 and R. eutropha H16 are shown in Table 20 and Table 22.
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Table 20: Results of the plasmid stability assay of the E. coli Top 10 [pKR-Tac-Par-egfpAlacl RSF1010] strain and
its average generation time as well as the number of generations in 24 h and 96 h.

Oh 24 h 48 h 72 h 96 h
MW ODgy, (precultures) 3.74° 3.84 3.82 3.77 3.89
Generation time [h] - 5.6 5.6 5.7 5.6
number of generations in 24 h - 4.3 4.3 4.2 43
CFUs on LB (1) 3*10’ 19*10° 8*10° 15%10° 17*10°
CFUs on LB + Kan 40pg/mL (1) 3*10’ 19*10° 8*10° 15%10° 17*10°
CFUs on LB (2) 13*10° 26*10° 17*10° 13*10° 15*10°
CFUs on LB + Kan 40pug/mL (2) 13*10° 26*10° 17*10° 13*10° 15*10°
CFUs on LB (3) 3*10’ 18*10° 19*10° 12*10° 16*10°
CFUs on LB + Kan 40pg/mL (3) 3*10’ 18*10° 19*10° 12*10° 16*10°
Plasmid stability in 96 h [%] 100
Average Generation time [h] 5.6
Average no. of generations in 24 h 4.3
Average no. of generations in 96 h 17

% Here the ODggo of the preculture is given, which was inoculated with a single colony.
(1)-(3) mark the results of the triple determination.

Table 21: Results of the plasmid stability assay of the R. eutropha H16 [pKR-Tac-Par-egfpAlacl RSF1010] strain
and its average generation time as well as the number of generations in 24 h and 96 h.

Oh 24 h 48 h 72 h 96 h
MW ODgy, (precultures) 2.23° 4.65 5.02 5.2 5.1
Generation time [h] - 53 5.2 5.2 5.1
number of generations in 24 h - 4.5 4.6 4.6 4.7
CFUs on TSB + Gen 20 pug/mL (1) 4*10° 14*10° 8*10° 11*10° 17*10°
:;;’1:}:5:31; Gen 20 pg/ml + Kan 4*10° 14*10° 8*10° 11*10° 17*10°
CFUs on TSB + Gen 20 pug/mL (2) 12*10° 12*10° 5*10° 8*10° 9*10°
:;;’1:}:5:32; Gen 20 pg/ml + Kan 12*10° 12*10° 5*10° 8*10° 9*10°
CFUs on TSB + Gen 20 pg/mL (3) 12*10° 11*10° 11*10° 5*10° 9*10°
:;;’1:}:5:33; Gen 20 pg/mL + Kan 12*10° 11*10° 11*10° 5*10° 9*10°
Plasmid stability in 96 h [%] 100
Average Generation time [h] 5.2
Average no. of generations in 24 h 4.6
Average no. of generations in 96 h 18

@ Here the ODgg Of the preculture is given, which was inoculated with a single colony.
(1)-(3) mark the results of the triple determination.
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Both strains E. coli Topl0 and R. eutropha H16, containing the pKR-Tac-Par-eGFPAlacl
RSF1010 vector, showed 100 % stability during the plasmid stability assay (see Figure 36).
The average generation time for E.coli Top10 [pKR-Tac-Par-eGFPAlacl RSF1010] and R. eu-
tropha H16 [pKR-Tac-Par-eGFPAlacl RSF1010] was determined as 6.4 h and 5.75 h, respec-
tively. This led to an average generation number of 15 generations in the E.coli Top10 strain

and 17 generations in the R. eutropha H16 strain during 96 h.
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Figure 36: Stability of the plasmid pKR-Tac-Par-egfpAlacl RSF1010 in E.coli Top10 and R. eutropha H16 over the
time period of 96 h.

In the following Table 22 the results of the average generation time per hour as well as the

number of generations in 96 h for all four expression vectors in E. coli Top10 or R. eutropha

H16 are listed.

Table 22: Results of the average generation time per h and the number of generations in 96 h for all four ex-
pression vectors.

E. coli Top10 R. eutropha H16
Vector Average gener- Generations Average gener- Generations
ation time [h] in96 h ation time [h] in9 h
pKR-Tac-Par-eGFPAlacl REP 6.4 15 5.9 16
pKR-Tac-Par-eGFPAlacl oriV393 6.3 16 4.5 18
pKR-Tac-Par-eGFPAlacl oriV632 6.4 15 5.75 17
pKR-Tac-Par-eGFPAlacl RSF1010 6.4 15 5.75 17

Regarding the results for the different E. coli Top 10 strains there is almost no difference in
the generation time and the number of generations which are passed during the 96 h of the
plasmid stability test. All E. coli Top10 strains, containing the expression vectors with the

different origins of replication have an average generation time of 6.3 - 6.4 h which equate
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to 15-16 generations in 96 h. Here the different origins or replication seem to have no effect

on the growth rate of the E. coli Top10 strains.

For the R. eutropha H16 strains a slight difference between R. eutropha H16 [pKR-Tac-Par-
eGFPAlacl oriV393] and the strains with the other three origins could be detected. The R.
eutropha H16 [pKR-Tac-Par-eGFPAlacl oriV393] strain has the shortest generation time with
only 4.5 h and passes 18 generations during the plasmid stability test duration. The other
strains R. e. H16 [pKR-Tac-Par-eGFPAlacl REP], R. e. H16 [pKR-Tac-Par-eGFPAlacl oriV632]
and R. e. H16 [pKR-Tac-Par-eGFPAlacl RSF1010] are growing slightly slower and have a longer
generation time of 5.75 — 5.9 which is 1.3 times higher than for the R. eutropha H16 [pKR-
Tac-Par-eGFPAlacl oriV393] strain.
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3.3 Detection of eGFP

3.3.1 Colony PCR of egfp

For the analysis of the egfp gene in the R. eutropha H16 strains with the different
expression vectors liquid cultures or single colonies were used as samples for the colony
PCR. The sample preparation, the different reaction components and the cPCR programm is
described in Table 8 and Figure 6. On the following agarose gel the results of the colony PCR
for egfp gene (size: ~600 bp) of the strains R. eutropha H16 [pKR-Tac-Par-eGFPAlacl
oriV393] (lane 3), R. eutropha H16 [pKR-Tac-Par-eGFPAlacl REP] (lane 4) and R. eutropha
H16 [pKR-Tac-Par-eGFPAlacl oriV632] (lane 5) are shown. As positive control the E.coli Top
10 [pKR-Tac-Par-eGFPAlacl REP] strain (lane 1) and as negative control the empty R. eu-

tropha H16 wild type strain was used (lane 2).

3000 bp

1000 bp
- egfp (600 bp)
500 bp

Figure 37: Agarose gel of colony PCR for egfp: St. GeneRuler™ DNA Ladder Mix 500 ng, lane 1: E. coli Top 10
[pKR-Tac-Par-EGFPAlacl Rep] positive control; lane 2: R. eutropha H16 wild type strain, negative control; lane 3:
R. eutropha H16 [oKR-Tac-Par-egfpAlacl oriV393]; lane 4: R. eutropha H16 [pKR-Tac-Par-egfpAlacl Rep], lane 5:
R. eutropha H16 [oKR-Tac-Par-egfpAlacl orivV632]

Regarding the agarose gel the colony PCR of the E.coli Top10 [pKR-Tac-Par-eGFPAlacl REP]
strain (lanel) resulted in a clear egfp band at ~600 bp. For the R. eutropha H16 strains addi-
tional unspecific bands at 200, 400 and 1000 bp are visible on the gel. However, the egfp
band was clearly visible for all R. eutropha H16 strains, containing the three different vectors
pKR-Tac-Par-eGFPAlacl oriV393 (lane 3), pKR-Tac-Par-eGFPAlacl REP (lane 4) and pKR-Tac-

Par-eGFPAlacl oriV632 (lane5) whereas in the negative control (lane 2) only the additional
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bands at 200, 400 and 1000 bp occurred. Despite the variation of the PCR conditions regard-
ing the annealing temperature and extension time or the application of other primer combi-
nations, the additional bands always occurred. For the R. eutropha H16 strain containing the

pKR-Tac-Par-eGFPAlacl RSF1010 vector the performed colony PCRs showed no egfp band.

However, for the R. eutropha H16 strain, where the pKR-Tac-Par-eGFPAlacl RSF1010 vector
was introduced via conjugation an intense egfp band could be detected via the performed
colony PCR (see Figure 38). As positive control the E.coli Top 10 [pKR-Tac-Par-eGFPAlacl
RSF1010] strain (lane 1) was used. In lane 2-6 five different clones of R. eutropha H16 [pKR-

Tac-Par-eGFPAlacl RSF1010] from an agar plate were used as template for the PCR.

5t 1 2 3 4 5 [+
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500 bp @ egfp (600 bp)

Figure 38: Agarose gel of colony PCR for egfp: St. GeneRuler™ DNA Ladder Mix, lane 1: E. coli Top 10 [pKR-Tac-
Par-EGFPAlacl Rep] positive control; lane 2-6: R. eutropha H16 [oKR-Tac-Par-egfpAlacl RSF1010]

At the agarose gel for all five R. eutropha H16 [pKR-Tac-Par-eGFPAlacl RSF1010] clones the
egfp band at 600 bp was clearly visible. Furthermore no additional bands, like in the former
colony PCRs for the other R. eutropha H16 strains were visible, although the same PCR con-

ditions were applied.

3.3.2 Fluorescence microscopy for eGFP

In order to detect eGFP expression in the R. eutropha H16 strains with the new designed
expression vectors the Leica DM LB2 microscope (Wetzlar, Germany) with the HCX FL Fluotar
100x/1.30 oil objective in phase contrast (PH3) mode was used. EGFP was excited via a high
pressure mercury lamp using emission bandpass filter at 450/490 nm and suppression

longpass filter at 515 nm (Filter 13, blue) with an exposure time of 290 ms. For the image
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collection the Leica DFC350 FX monochrome Digital Camera was employed. All shown imag-
es were amplified eightfold. The R. eutropha H16 strains containing the expression vectors
with the four different origins of replication were grown in liquid cultures till an ODggo of 0.4

to 2.5.

In Figure 39 the visible light (A) and the fluorescence light (B) images of the wild type R. eu-

tropha H16 strain are shown as negative control.

(2 N o

Figure 39: Fluorescence microscopy of R. eutropha H16 wildtype: (A) Visible light, (B) emission bandpass filter at
450/490 nm and suppression longpass filter at 515 nm (Filter 13, blue), exposure time 290ms.The images were
amplified eightfold using the Leica DFC350 FX monochrome Digital Camera and the Corel photo editor software.

In the visible light image the R. eutropha H16 cells in various length and different growth
stages are visible. Regarding the fluorescence light image clearly no fluorescing cells are visi-

ble.

In Figure 40 the fluorescence microscopy images of the R. eutropha H16 strain containing

the pKR-Tac-Par-eGFPAlacl REP vector are shown.
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(A)

Figure 40: Fluorescence microscopy of R. eutropha H16 [pKR-Tac-Par-egfpAlacl REP]: (A) Visible light, (B) emis-
sion bandpass filter at 450/490 nm and suppression longpass filter at 515 nm (Filter 13, blue), exposure time
290ms. The images were amplified eightfold using the Leica DFC350 FX monochrome Digital Camera and the
Corel photo editor software.

In the first picture (A) a few R. eutropha H16 [pKR-Tac-Par-eGFPAeGFP REP] cells are visible.
The ODgyo of 0.35 was very low, however, looking at the corresponding fluorescence image
(B) the cells showed an intense fluorescence signal. Despite the fact that eGFP was success-
fully expressed in the cells it has to be considered that not all visible cells in image A were

fluorescing in image B.

The resulting images of the fluorescence microscopy of the R. eutropha H16 strain contain-

ing the pKR-Tac-Par-eGFPAlacl oriV393 vector are shown in Figure 41.

Figure 41: Fluorescence microscopy of R. eutropha H16 [pKR-Tac-Par-egfpAlacl oriV393]: (A) Visible light, (B)
emission bandpass filter at 450/490 nm and suppression longpass filter at 515 nm (Filter 13, blue), exposure
time 290ms. The images were amplified eightfold using the Leica DFC350 FX monochrome Digital Camera and
the Corel photo editor software.

In the visible light image (A) many R. eutropha H16 [pKR-Tac-Par-eGFPAeGFP oriV393] cells

are visible. The liquid culture had an ODggy of about 1.2. Regarding the corresponding fluo-
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rescence image (B) the cells were fluorescing and eGFP was expressed. However not all cells,
visible in the transmitted light showed a signal in the fluorescing light. Furthermore the fluo-
rescence was not as intense as in the picture of the R. eutropha H16 [pKR-Tac-Par-

eGFPAeGFP REP] cells before.

In Figure 41 the visible light (A) and the fluorescence light (B) images of the R. eutropha H16

strain containing the pKR-Tac-Par-eGFPAlacl oriV632 vector are shown.

Figure 42: Fluorescence microscopy of R. eutropha H16 [pKR-Tac-Par-egfpAlacl oriV632]: (A) Visible light, (B)
emission bandpass filter at 450/490 nm and suppression longpass filter at 515 nm (Filter 13, blue), exposure
time 290ms. The images were amplified eightfold using the Leica DFC350 FX monochrome Digital Camera and
the Corel photo editor software.

In the first picture (A) R. eutropha H16 [pKR-Tac-Par-eGFPAeGFP oriV632] cells in different
lengths are visible. The ODggg of the liquid culture was with 0.9 rather low. Nevertheless,
looking at the corresponding fluorescence image (B) the cells showed an intense fluores-
cence signal. Through comparison of the two corresponding images the cells still seemed to
be very agile because they slightly changed their position between the collection of the visi-
ble light image and the fluorescence light image. Moreover almost all visible cells showed

also a fluorescence signal.

The microscopy images of the R. eutropha H16 [pKR-Tac-Par-eGFPAlacl RSF1010] with visible

light (A) and fluorescence light (B) are shown in Figure 43.
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(A)

Figure 43: Fluorescence microscopy of R. eutropha H16 [pKR-Tac-Par-egfpAlacl RSF1010]: (A) Visible light, (B)
emission bandpass filter at 450/490 nm and suppression longpass filter at 515 nm (Filter 13, blue), exposure
time 290ms. The images were amplified eightfold using the Leica DFC350 FX monochrome Digital Camera and
the Corel photo editor software.

In the visible light image (A) many R. eutropha H16 [pKR-Tac-Par-eGFPAeGFP RSF1010] cells
varying in their length are visible. The liquid culture had an ODgyy about 0.5. Regarding the
corresponding fluorescence image (B) the cells were just slightly fluorescing. The fluores-
cence signal was rather weak compared to the signal of the R. eutropha H16 [pKR-Tac-Par-
eGFPAeGFP REP] or R. eutropha H16 [pKR-Tac-Par-eGFPAeGFP oriV632] cells before. Fur-

thermore not all cells, visible in the transmitted light showed a signal in the fluorescing light.

However, the pKR-Tac-Par- eGFPAeGFP RSF1010 vector was also introduced into R. eutropha
H16 via conjugation using the E.coli S17-1 as donor strain and the microscopy images of the
R. eutropha H16 [pKR-Tac-Par-eGFPAlacl RSF1010] generated via conjugation are shown in
Figure 44.
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Figure 44: Fluorescence microscopy of R. eutropha H16 [pKR-Tac-Par-egfpAlacl RSF1010] generated via conju-
gation: (A) Visible light, (B) emission bandpass filter at 450/490 nm and suppression longpass filter at 515 nm
(Filter 13, blue), exposure time 290ms. The images were amplified eightfold using the Leica DFC350 FX mono-
chrome Digital Camera and the Corel photo editor software.

For the microscoping of the R. eutropha H16 [pKR-Tac-Par-eGFPAeGFP RSF1010] strain gen-
erated via conjugation the cells were directly taken from a single colony. In the visible light
image (A) many R. eutropha H16 [pKR-Tac-Par-eGFPAeGFP RSF1010] cells were visible. Re-
garding the fluorescing light image (B) all cells showed a very intense fluorescing signal

which indicated the presence of the conjugated vector and a strong eGFP expression.

Finally it has to be mentioned that the shown images of the different strains were collected
at different dates and the settings of the microscope were often modified by its different
users. Despite a short justification of the microscope before each measurement the settings
at the collection of the different images could have been varied slightly, which has to be

considered for the evaluation of the fluorescence intensity.

3.3.3 Results of SDS-PAGE and Western Blot analysis
Another method for the detection of eGFP in the R. eutropha H16 strains was the SDS-PAGE

and the Western Blot analysis. In Figure 45 the SDS-PAGE gel (A) and the corresponding
Western Blot (B) for the following strains: R. eutropha H16 [pKR-Lac-Par-eGFPAlacl REP]
(lane 3), R. eutropha H16 [pKR-Tac-Par-eGFPAlacl REP] (lane 4 and 5), R. eutropha H16 [pKR-
ClV1a-Par-eGFPAlacl REP] (lane 6), R. eutropha H16 [pKR-Tac-Par-eGFPAlacl oriV393] (lane7),
R. eutropha H16 [pKR-Tac-Par-eGFPAlacl oriV632] (lane 8 and 9) are shown. As positive con-

trol the E. coli Top 10 [pKR-Tac-Par-eGFPAlacl REP] (lane 1) and as negative control the emp-
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ty R. eutropha H16 wild type strain (lane 2) were employed. Beside the R. eutropha H16
strains with the new designed vectors from this work also strains containing the pKR-Lac-Par-
eGFPAlacl REP and the pKR-CIV1a-Par-eGFPAlacl REP vector were loaded on the gel. In the
first vector the Tac promoter was replaced with the common Lac promoter, whereas the se-
cond vector contained the CIV1a promoter originating from R. eutropha H16 (derived by Stef-

fen Gruber). The vector maps off the additional expression vectors are shown in Appendix 2:

Vector maps).
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Figure 45: SDS-PAGE gel (A) and Western Blot (B) for the detection of egfp in various R. eutropha H16 strains.
The sample order is similar on both pictures: St. PageRuler Prestained Protein Ladder (Fermentas), lane 1: E.coli
Top10 [pKR-Tac-Par-egfpAlacl REP] (positive control), lane 2: R. eutropha H16 (negative control), lane 3: R.
eutropha H16 [pKR-Lac-Par-egfpAlacl REP], lane 4: R. eutropha H16 [pKR-Tac-Par-egfpAlacl Rep], lane 5: R.
eutropha H16 [pKR-Tac-Par-egfpAlacl REP], lane 6: R. eutropha H16 [pKR-CIV1a-Par-egfpdiacl Rep], lane 7: R.
eutropha H16 [pKR-Tac-Par-egfpAlacl oriV 393], lane 8: R. eutropha H16 [pKR-Tac-Par-egfpAlacl oriV632], lane
9: R. eutropha H16 [pKR-Tac-Par-egfpAlacl oriV632]

In the SDS-PAGE as well as in the Western Blot the eGFP band (at 27 kDa) is clearly visible for
all R. eutropha H16 strains containing the new designed expression vectors. The most in-

tense eGFP band is visible in lane 5 corresponding to the strain R. eutropha H16 [pKR-Tac-
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Par-eGFPAlacl REP]. In lane 6 the R. eutropha H16 [pKR-CIV1a-Par-eGFPAlacl REP] strain
showed also a high expression level of eGFP. This vector contained the homologous CIVla
promoter from R. eutropha H16. The eGFP expression of the strains containing the origins of
replication form the RK2 plasmid oriV393 and oriV632 are shown in lane 7 and lane 8+9. For
the smaller form of the RK2 origin oriV393 just a very slight band on the SDS-PAGE gel and
almost no visible band on the Western Blot could be detected. However, both samples of the
R. eutropha H16 strain containing the vector with the regular RK2 origin oriV632 (lane 8 and

9) exhibited an intense eGFP band on the SDS-PAGE gel and the Western Blot.

For the strain R. eutropha H16 [pKR-Tac-Par-eGFPAlacl RSF1010] (vector introduced via elec-
tro transformation) no positive signal for eGFP neither on the SDS-PAGE nor on the Western
Blot results could be achieved. However, this vector was also introduced in the R. eutropha
H16 cells via conjugation and the resulting R. eutropha H16 strain [pKR-Tac-Par-eGFPAlacl
RSF1010] showed a very intense eGFP band on the SDS-PAGE gel as well as on the Western
Blot. In the first approach the R. e. H16 [pKR-Tac-Par-eGFPAlacl RSF1010] cell pellets were
prepared like mentioned in 2.6.2 — the cell pellet was resuspended in the 15-fold amount of
potassium phosphate buffer — but the resulting SDS-PAGE gel was quite overloaded (Data
not shown). Therefore the samples were prepared like the E. coli [pKR-Tac-Par-eGFPAlacl
RSF1010] positive control - the cell pellet was resuspended in the 33.3-fold amount of potas-
sium phosphate buffer — without any up-concentration. And the same amounts of resus-
pended cells (3 pL) were loaded onto the gel. In Figure 46 the SDS-PAGE gel and the Western
Blot of seven different clones (lanes 3-9) of the R. eutropha H16 [pKR-Tac-Par-eGFPAlacl
RSF1010] strain are shown. The E. coli [pKR-Tac-Par-eGFPAlacl RSF1010] positive control was
loaded in lane 1 and the empty R. eutropha H16 wild type strain (lane2) was used as nega-

tive control.
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Figure 46: SDS-PAGE gel (A) and Western Blot (B) for the detection of egfp in different R. eutropha H16 strains.
The sample order is similar on both pictures: St. PageRuler Prestained Protein Ladder (Fermentas), lane 1: E.coli

Top10 [pKR-Tac-Par-egfpAlacl REP] (positive control), lane 2: R. eutropha H16 (negative control), lanes 3-9: R.
eutropha H16 [pKR-Tac-Par-egfpAlacl RSF1010].

Regarding the SDS-PAGE as well as the Western Blot a very intensive eGFP band (at 27 kDa)
is clearly visible for all R. eutropha H16 [pKR-Tac-Par-eGFPAlacl RSF1010] clones. Considering
the sample preparation the same amounts of cells were applied for the R. eutropha H16
samples as well as for the E. coli positive control. Therefore a rough comparison of the dif-
ferent eGFP expression levels was possible. The produced amount of eGFP in the R. eutropha
H16 [pKR-Tac-Par-eGFPAlacl RSF1010] clones seemed to be similar to the amounts of the E.

coli positive control.

3.3.4 Detection of the Fluorescing Units
The R. eutropha H16 strains containing the designed expression vectors were cultivated to
an OD of 1.0 — 3.5 in order to compare their fluorescence. After cell disruption the fluo-

rescing units (FU) of the cell lysate were measured as described in 2.6.4. For the determina-
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tion of the relative fluorescing units (RFU) the obtained FUs from the negative control were

subtracted from the measured FUs from the particular samples.

In the first approaches the cultures were grown in liquid LB media. The resulting FUs for the
R. eutropha H16 strains containing expression vectors with different origins of replications
(R. e. H16 [pKR-Tac-Par-eGFPAlacl REP], R. e. H16 [pKR-Tac-Par-eGFPAlacl orV393], R. e. H16
[pKR-Tac-Par-eGFPAlacl orV632]) and with different promoters (R. e. H16 [pKR-Tac-Par-
eGFPAlacl REP], R. e. H16 [pKR-Lac-Par-eGFPAlacl REP], R. e. H16 [pKR-CIV1a-Par-eGFPAlacl
REP]) are shown in Table 23. As negative controls the R. eutropha H16 wild type strain as
well as the R. eutropha H16 [pKR-CIV1a-Par-AeGFPAlacl REP] strain with the deleted egfp

were employed.

Table 23: Results of the Fluorescing Units (FU) for different R. eutropha H16 strains grown in LB media.

Strains ODgoo FU RFU?
R. e. H16 wild type 0.7 253 -
1.2 309 -
R. e. H16 [pKR-Tac-Par-eGFPAlacl REP] 1.1 413 +104
R. e. H16 [pKR-Tac-Par-eGFPAlacl orV393] 1.2 599 +290
R. e. H16 [pKR-Tac-Par-eGFPAlacl orV632] 1.0 374 +65
R. e. H16 [pKR-Lac-Par-eGFPAlacl REP] 0.8 353 +100
R. e. H16 [pKR-CIV1a-Par-eGFPAlacl REP] 1.0 322 +13
R. e. H16 [pKR-CIV1a-Par-AeGFPAlacl REP] 1,2 298 -

“The RFU were calculated by subtracting the FU of the negative control with the best matching ODgg (253 at
ODgpp 0.7 or 309 at ODgyy 1.2) from the measured FUs of the different strains.

Despite the normalization of the ODgoo before the measurement the resulting FUs of R. eu-
tropha H16 strains grown in LB media seemed to depend on the particular ODgqo. For the
negative control R. eutropha H16 the FU varied from 253 at an ODgy of 0.7 to an FU of 309
at an ODgg of 1.2. Although the samples originated from the same flask culture the differ-
ence of 0.5 ODggo-units resulted in an increase of the FUs of about 50 units. The second neg-
ative control, R. eutropha [pKR-Tac-Par-AeGFPAlacl REP], had an average FU of 298 at a pri-
mary ODgg of 1.2. In order to calculate the relative fluorescing units the FU of the negative
control with the best matching ODggg (253 at ODggg 0.7 or 309 at ODggg 1.2) was subtracted
from the measured FUs of the different strains. The highest relative units of 290 were ob-

tained with the R. eutropha [pKR-Tac-Par-eGFPAlacl orV393]. R. eutropha [pKR-Tac-Par-
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eGFPAlacl REP] and R. eutropha [pKR-Lac-Par-eGFPAlacl REP] showed also quite high RFUs
with 104 and 100, respectively. In the two remaining strains R. e. H16 [pKR-Tac-Par-
eGFPAlacl orV632] and R. e. H16 [pKR-CIV1a-Par-eGFPAlacl REP] the gained RFU values of
+65 and +13 were rather low compared to the deviation range of the negative control of
50 FU. Therefore it is not clear if the measured FUs were a signal of eGFP expression or oc-

curred due to measurement errors and the high background of the LB media.

Due to the dependence of the FUs of the negative controls on the ODggg and the high back-
ground values the R. eutropha strains were cultivated in MSM media for the second ap-
proach. The resulting FUs from the negative controls (R. e. H16 wild type and R. e. H16 [pKR-
ClV1a-Par-AeGFPAlacl REP]) as well as the FUs and RFUs from the strains containing the dif-

ferent expression vectors are listed in Table 24.

Table 24: Results of the Fluorescing Units (FU) for different R. eutropha H16 strains grown in MISM.

Strains ODgo0 FU RFU?
R. e. H16 wild type 1.1 180 -
2.0 204 -
R. e. H16 [pKR-Tac-Par-eGFPAlacl REP] 1.2 299 +107
1.6 328 +136
4.2 317 +125
R. e. H16 [pKR-Tac-Par-eGFPAlacl orV393] 1.2 293 +101
R. e. H16 [pKR-Tac-Par-eGFPAlacl orV632] 1.0 260 +68
R. e. H16 [pKR-Lac-Par-eGFPAlacl REP] 1.0 276 +84
R. e. H16 [pKR-CIV1a-Par-eGFPAlacl REP] 1.3 251 +59
R. e. H16 [pKR-CIV1a-Par-AeGFPAlacl REP] 1,8 206 -
3.5 194 -

“The RFU were calculated by subtracting the average FU of the R. e. H16 wild type strain (negative control) of
192 from the measured FUs of the different strains.

Regarding the results of the empty R. eutropha H16 strain the FUs seem independent of the
ODgqo. For the negative control 180 FU were measured at an ODggg of 1.1 and 204 FU at an
ODgqo of 2.0, respectively. Considering some unavoidable deviations during the cell disrup-
tion and the measurement the difference of 20 FU could be neglected. For the calculation of
the RFUs the average value of 192 from the FUs of the negative control was used. This value

matched perfectly to the measured FUs of the second negative control R. e. H16 [pKR-CIV1a-
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Par-AeGFPAlacl REP] of 194 at an ODgge of 1.6 and of 206 at an ODgy of 3.5. The highest
RFUs were reached by the R. e. H16 [pKR-Tac-Par-eGFPAlacl REP] strain which was measured
at three different ODsggg: +107 at an ODggp of 1.2, +136 at an ODggp of 1.6 and +125 at an
ODggo of 4.2. With a RFU of +101 the R. e. H16 [pKR-Tac-Par-eGFPAlacl oriV393] strain
showed also a strong fluorescence signal. The other strains R. e. H16 [pKR-Tac-Par-eGFPAlacl
oriV632], R. e. H16 [pKR-Lac-Par-eGFPAlacl REP] and R. e. H16 [pKR-CIV1a-Par-eGFPAlacl
REP] reached RFU values of +68, +84 and +59, which were still higher than the deviation be-
tween the measured FUs of the two negative controls. Therefore the expression of eGFP

could be successfully detected in all tested R. eutropha H16 strains.

3.4 Detection of LacZ

Due to some problems with the detection of egfp — weak fluorescence signals during micros-
copy and high background signals at the measurement of the fluorescing units — lacZ was
introduced into one expression vector as alternative reporter gene. The pKR-Tac-Par-
LacZAlacl REP vector was successfully cloned into E.coli Top10 and the detection of positive
transformants was managed via plating out on X-gal LB agar plates. Via the enzymatic con-
version of the X-gal into a blue indigo dye by the B-galactosidase the best clones, showing a
high expression level of LacZ (dark blue color) were selected and transformed into R. eu-

tropha H16.

For the detection of LacZ in the R. eutropha H16 [pKR-Tac-Par-LacZAlacl REP] different trans-
formants were cultivated in LB media and the cells were loaded on a SDS-PAGE gel. As posi-
tive control E. coli Top10 cells containing the pKR-Tac-Par-LacZAlacl REP vector were applied.
Several SDS-PAGE gels with different cultures of R. eutropha H16 [pKR-Tac-Par-LacZAlacl

REP] were performed, however, no LacZ band could be detected. (Data not shown)

As second detection method the B-galactosidase assay was conducted. Hereby the R. eu-
tropha H16 [pKR-Tac-Par-LacZAlacl REP] transformants were cultivated in minimal medium
and prepared like already mentioned in 2.7. As positive control E. coli Top10 cells containing

the pKR-Tac-Par-LacZAlacl REP vector were applied. Several transformants were tested for
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the presence of B-galactosidase but no yellow color change indicating the enzymatic conver-
sion of oNPG to oNP was observed. Therefore the expression of lacZ could not be detected.

As last approach the lacZ gene was detected via PCR. The transformants of R. eutropha H16
[pKR-Tac-Par-LacZAlacl REP] were streaked out for plasmid isolation and the isolated plasmid
DNA was used as template. In Table 5 the PCR conditions are listed and in Figure 47 the aga-

rose gel of the PCR product is shown.

5t 1

3000 bp [ < lacZ (3078 bp)

1000 bp R

500 bp

Figure 47: Agarose gel of the PCR for the lacZ gene on the pKR-Tac-Par-lacZAacl REP vector isolated from R.
eutropha H16 [pKR-Tac-Par-lacZAacl REP]: St. GeneRuler™ DNA Ladder Mix 500 ng, lane 1: lacZ (3078 bp)

In lane 1 the band of the /acZ gene (at 3078 bp) was clearly visible. This was a proof for the

successful transformation of the pKR-Tac-Par-LacZAlacl REP vector into R. eutropha H16.
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4 Discussion

The gram-negative and respiratory facultative lithoautotrophic soil and freshwater bacte-
rium Ralstonia eutropha H16 has attracted significant interest because of its versatility re-
garding different growth modes. Due to its ability to grow to high cell densities during litoau-
totrophic or heterotrophic conditions R. eutropha H16 can be used as host for heterologous
gene expression and production organism [15]. Several attempts applying constitutive ex-
pression systems, based on broad-host-range plasmids and using the Tac or Lac promoter,
for the expression of heterologous genes in R. eutropha H16 were already performed [16—
18]. Due to the lack of transport capacities for inducers like lactose or IPTG expression sys-
tems are not inducible [8], [9]. Other expression system employing different promoters like

the Pynac OF Ponap derived from R. eutropha H16 were also reported [18-21].

However, due to the fact that the complex inducible systems prohibited their application as
simple expression system under different growth conditions the research group of Petra
Kofinger started with the construction of simple expression vectors for R. eutropha H16 us-
ing the Py, or the P, as constitutive promoter. The vectors contained the kanamycin re-
sistance gene as selective antibiotic marker and egfp as reporter gene for monitoring the
expression levels. The main focus of this work was the cloning of four different origins of
replication originating from various broad-host-range plasmids generating new expression
vectors, as well as the comparison and the analysis of their replication and stable mainte-
nance in R. eutropha H16. For an additional increase of the plasmid stability the partitioning
sequence par from the RK2 plasmid was also cloned into the vectors. In order to monitor
and compare the effect of different replication systems on the expression levels of the new
vectors the amounts of expressed eGFP were detected via different detection methods like

SDS-PAGE, Western Blot analysis and the measurement of the fluorescing units.



Discussion 87

Construction and expression of the new designed vectors in R. eutropha H16

The following different origins of replication were chosen for the expression vectors: the
origin of the replication REP of the medium copy number plasmid pBBR1, the low-copy ori-
gins of the RK2 plasmid (IncP family) — oriV393 and oriV632 — (shown in Figure 2) and the
rather high-copy number mini-replicon of the RSF1010 plasmid (IncQ family) — called
RSF1010. All used origins of replication were originating from broad-host-range plasmids and
were already proved to replicate in R. eutropha H16 [27-29], [46], [51], [52], except for the
small variant of the mini-replicon from the RK2 plasmid oriV393, which was just applied in E.

coli and Pseudomonas aeruginosa [35].

After sequencing of the two origins of replication from the RK2 plasmid — oriV393 and
oriV632 — differences between our sequence and the original sequence of the RK2 plasmid
[30] were detected. The origins were amplified from the RK2 plasmid from the IMBT culture
collection (#381) via an overlap extension PCR in order to remove the tetracycline resistance
gene located between the oriV sequence and the trfA operon. Therefore, the mutations may
have been introduced via PCR. However, several PCR products of the oriV393 and oriV632
were sequenced showing all the same mutations: a base exchange from adenosine to cyto-
sine at position 180/347 (oriV393/0riV632) located between two iterons sequences and an
insertion of an additional tyrosine base at position 347/585 (oriV393/0riV632) in the GC-rich
region. In the oriV632 an additional mutation occurred in the part of the sequence, which is
missing in the oriV393. The base exchange from adenosine to tyrosine (at position 138) was
located 20 bp upstream of the first iteron sequence. The sequence of oriV393 and oriV632
with the marked mutations shown in Appendix 3: Sequences.

Mutations in the origin of replication could have different effects on the replication system,
like de- or increase of the copy number or even the total abolishment of the replication ac-
tivity. For the origins of the RK2 plasmid a lot of research was performed in the past years
regarding mutations in the sequence of the two essential regions for the replication — oriV
and the trfA replication initiation protein — which seem to play an important role for the
copy-number control of the RK2 plasmid [40]. Different single mutations in the trfA gene,
causing changes in the amino acid sequence, resulted in up to 24-fold elevated plasmid

copy-numbers [97]. The mutations may have affected the activity of the trfA protein and its



Discussion 88

ability to bind to the iterons in the oriV sequence. Beside changes in the trfA gene also ef-
fects of mutations and insertions in the oriV sequence were investigated. As already de-
scribed in the Introduction (see Figure 2) the oriV sequence contains 8 iterons (5 iterons in
the small 393 bp oriV fragment) for the binding of the trfA initiation protein, four DnaA bind-
ing boxes for the binding of the DnaA protein, an AT-rich and a GC-rich region. Insertions of
6-11 bp between the DnaA boxes and the iterons, between the iterons and the AT-rich re-
gion and within the AT-rich region inactivated or greatly reduced the replication activity,
whereas an insertion or even the deletion of the GC-rich region had little to no effect on the
replication system [98]. Furthermore, for the AT-rich region also the effects of single muta-
tions in the sequence were investigated. The AT-rich region serves as the initial site of helix
destabilization and through mutations the open strand formation is affected, resulting in the

inactivation of the origin [99], [100].

Regarding the single mutations in our sequence only the mismatch at position 180/347
(orivV393/0riV632) is located between two iterons sequences, which may influence the repli-
cation. The second mutation is located in the GC-rich region, which should have no effect on
the replication [98] and the additional mutation in the oriV632 sequence is located upstream
of the first three iterons. However, through NCBI Blast search several derivates of the RK2
plasmid were found, harboring the same sequence mutations like our two origin sequences.
Comparing the different plasmids with the origin of replication of the RK2 plasmid it seems
that two versions of the sequence exist. The pRK290 plasmid [91], a smaller derivate of the
RK2 plasmid, containing the same sequence mutations like our two origins, is able to repli-
cate in many gram-negative bacteria and was already applied several times in R. eutropha
[94-96]. Comparing our oriV632 sequence to the oriV sequence used in the pRK290 plasmid
all necessary described parts of the oriV region (iterons, DnaA boxes, AT-rich and GC-rich
region) are identical. The only difference is that the oriV sequence from the pRK290 con-
tained around 70 additional bases, located far upstream from the first iterons (shown in Ap-
pendix 3: Sequences). However, no functions for the additional part of the sequence are de-
scribed and the origin of the RK2 plasmid was originally described as a 617 bp fragment [39].
We assumed that the sequence differences of our oriV393 and oriV632 sequence compared

to the original RK2 sequence should have no effect on the replication activity and cloned
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both sequences into our expression vectors. Both vectors were able to replicate in E. coli

Top10 and R. eutropha H16.

During the first attempts using the new designed expression vector, containing the mini-
replicon of the pBBR1 broad-host plasmid some stability and maintenance problems in E. coli
Top 10 as well as in R. eutropha H 16 occurred (data not shown). Low and medium copy
number plasmids often need stabilizing partitioning systems based on active partitioning,
multimer resolution or on postsegregational killing [72]. Therefore the partitioning system
from the RK2 broad-host plasmid, the par region, which was already proven to work in sev-
eral gram-negative bacteria [74], was directly amplified from RK2 and cloned in all expres-
sion vectors. After the transformation of the vectors in E.coli Top10 cells all origins proved
their functionality and via the green fluorescing colonies the expression of eGFP could be
detected. The new designed vectors were then transformed into R. eutropha H16 via elec-
tro-transformation. Due to the presence of mobilization genes in the RSF1010-mini-replicon
the pKR-Tac-Par-eGFPAlacl RSF1010 vector was transferred into R. eutropha H16 via electro-
transformation and via conjugation. For the determination of the plasmid replication and
stable maintenance in E. coli Top10 and R. eutropha H16 the strains generated via electro-

transformation were used.

Regarding the general results of the plasmid stability assays it is clearly visible that all new
designed pKR-Tac-Par-eGFPAlacl vectors with the four different origins (REP, oriV393,
oriV632 and RSF1010) were 100% stable in E. coli Top10 as well as in R. eutropha H16 for the
time period of 96 h. During the 96 h about 15-16 generations (equal to an average genera-
tion time of 6.3-6.4 h) in E. coli Top10 and 16-18 generation (equal to an average generation
time of 4.5-5.9 h) in R. eutropha H16 were passed. Comparing the results of the E. coli Top10
strains the reached numbers of generations in 96 h are very similar for all different vectors.
The different origins of replication seem to have no effect on the growth rate of the E. coli
Top10 strains. Among the R. eutropha H16 strains with the four different vectors the strain
containing the pKR-Tac-Par-eGFPAlacl oriV393 vector achieved the lowest generation time.

For the strains with the other origins the generation time was 1.3 times higher.
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In general it has to be mentioned that the generation times determined for both organisms
were quite high compared to the wild types. For the R. eutropha H16 wild type a doubling
time of 3 to 4 h was measured in TSB medium [101] and the doubling time of E. coli Top10
wild type is only 20-40 min [102]. It is known that the maintenance and replication of plas-
mids and expression vectors imposes metabolic stress on E.coli cells which is often associat-
ed with reduced growth rates and increased doubling times [103]. However, the rather high
doubling time in E.coli Top10 led to the assumption that the expression of all par genes as

well as the expression of eGFP seem to be a huge challenge for the cells

However, the 100% stable maintenance and functional replication of all designed expression

vectors in both organisms could be successfully shown.

In order to proof the functionality of our expression systems in R. eutropha H16 and to de-
termine possible differences in the expression levels depending on the applied origin of rep-
lication the expression of eGFP was monitored via fluorescence microscopy, SDS-PAGE,

Western Blot analysis and the measurement of the fluorescing units.

The R. eutropha H16 [pKR-Tac-Par-eGFPAlacl REP] strain showed strong fluorescence signals
during fluorescence microscopy as well as intense bands on the SDS-PAGE gel and the corre-
sponding Western Blot. Furthermore, high amounts of relative fluorescing units of ~120
were measured for the strain containing the REP replication system. These values were
comparable to already measured RFUs in R. eutropha H16 mentioned in literature [104]. For
the R. eutropha H16 strain containing the expression vector with the oriV632 replicon strong
fluorescence signals during microscopy and high amounts of expressed eGFP in the SDS-
PAGE and the Western Blot analysis were detected. Only the relative fluorescing units of ~70
were lower, compared to the units of the R. eutropha H16 [pKR-Tac-Par-eGFPAlacl REP]
strain. The R. eutropha H16 strain with the smaller variant of the RK2 mini-replicon, oriV393,
expressed less eGFP due to weaker fluorescing signals during microscopy and a less intense
band on the SDS-PAGE gel on the corresponding Western Blot. Although the measured fluo-
rescing units of 101 were higher as for the R. eutropha H16 [pKR-Tac-Par-eGFPAlacl oriV632]
strain we assumed that the eGFP expression work better with the vector containing the long

variant of the RK2 origin. During the measurement of the fluorescing units high background
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values of the negative control as well as a slight dependence of the measured FUS on the
ODgqgo occurred. Therefore, more importance was attached to the results of the fluorescence

microscopy and SDS-PAGE and Western Blot analysis.

Comparing the results of the eGFP expression of R. eutropha strains containing the two mini-
replicons of the RK2 plasmid to the results of the R. eutropha H16 [pKR-Tac-Par-eGFPAlacl
REP] strain the latter achieved the highest amounts of eGFP. This could be an effect of the
higher copy number of the REP origin of replication compared to the RK2 mini-replicons [23],
[32]. If more plasmid copies are present in the cells higher levels of eGFP are produced. The
REP origin from the pBBR1 plasmid, whose several derivates have proved to work successful-
ly in R. eutropha H16 [18], [27—-29], seems to be a suitable replication system for our expres-
sion vectors.

For the R. eutropha H16 [pKR-Tac-Par-eGFPAlacl RSF1010] strain we expected even higher
levels of expressed GFP than for the R. eutropha H16 [pKR-Tac-Par-eGFPAlacl REP] strain,
due to the higher copy number of the RSF1010 mini-replicon. However, for the R. eutropha
H16 strain, in which the pKR-Tac-Par-eGFPAeGFP RSF1010 vector was introduced via electro-
transformation, the expression of eGFP was only detected via weak fluorescence signals col-
lected during microscopy. Unfortunately no positive SDS-PAGE gel or Western Blot could be

performed.

Considering the results of the different detection methods for eGFP, it has to be mentioned
that after the electro-transformation of the vectors in R. eutropha H16 just a few trans-
formants showed expression of eGFP in general. In most transformants the level of ex-
pressed eGFP was too low for any detection method. Some transformants showed fluores-
cence under the microscope, but no positive eGFP bands were visible on the SDS-PAGE gels
or Western Blots, even after strong concentration of the samples. Furthermore, during mi-
croscope fluorescence not all cells visible in the transmitted light showed a signal in the fluo-
rescing light. Via the comparison of the visible and the fluorescence light images for all R.
eutropha H16 strains some cells could be identified which did not express eGFP. Therefore, a
comparison of the different replication systems and the effects of their different copy num-

bers on the eGFP expression were rather difficult. It seemed that all R. eutropha H16 strains
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with the different expression vectors introduced via electro-transformation had some prob-

lems with the expression of eGFP.

In order to examine this assumption the pKR-Tac-Par-eGFPAlacl RSF1010 vector, containing
the necessary mobilization genes in the RSF1010 mini-replicon, was also transferred into R.
eutropha H16 via conjugation. The new R. eutropha H16 [pKR-Tac-Par-eGFPAlacl RSF1010]
strain showed high levels of eGFP with all applied detection methods — fluorescence micros-
copy, SDS-PAGE and Western Blot analysis. During fluorescence microscopy all cells were
strongly fluorescing and expressed high amounts of eGFP. The expressed levels of eGFP of
the R. eutropha H16 strain, monitored via SDS-PAGE and Western Blot analysis, seemed to
be as high as for the E.coli [pKR-Tac-Par-eGFPAlacl RSF1010] positive control. Comparing all
these positive results to the results of the R. eutropha H16 strain with the same vector intro-
duced via electro-transformation the reason for the low eGFP expression levels have to be
connected with the transformation process.

Although the vector has to be transferred into R. eutropha H16 during electro-
transformation, which is proven via the selection of the transformants with TSB plates con-
taining 200 pg/mL of kanamycin, some problems seem to occur afterwards. Considering the
high generation times of the R. eutropha H16 strains of 4.5-6 h (see Table 22) the incubation
time of 2 h after the transformation may be too short for the regeneration of the cells and a
proper replication of the plasmid. During the conjugation process the donor strain and the
recipient strain are incubated overnight without any selective pressure. Hence, the cells
have more time to regenerate and to replicate the vector before they are put under selec-

tive pressure.

In literature only a few studies, using electro-transformation in R. eutropha H16 could be
found. However, one study described the successful transformation of the pKT230 plasmid
into R. eutropha H16, applying the same protocol like our group [105], [106]. The trans-
formed plasmid is a derivate of the RSF1010 broad-host-range plasmid and contains the
same RSF1010 mini-replicon we used in our expression vector [107]. No problems consider-
ing the replication of the plasmid or negative effects on the copy number and the expression

of desired genes were reported in this study [106].
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However, comparing the amount of performed studies with R. eutropha H16 with regard to
the applied method of plasmid transfer conjugation was the predominant method used.
Several studies conjugating expression vectors with the REP origin of replication [18], [29],
[108], the origin of the RK2 plasmid [109], [110] and also the RSF1010 origin [13], [52], [111]
were already performed. Although no studies comparing the advantages of the conjugation
against electro-transformation in R. eutropha H16 could be found it seems that conjugation

is the more popular method.

Application of lacZ as reporter gene

Due to the weak fluorescing signal of eGFP and some detection problems lacZ was tested as
alternative reporter gene to egfp. In literature many studies are described where /lacZ was
used successfully as reporter gene in R. eutropha H16 [21], [112-116]. The expression of the
lacZ gene in R. eutropha H16 strains was detected via the B-galactosidase assay. Several
transformants were tested for the presence of B-galactosidase but no yellow color change
indicating the enzymatic conversion of oNPG to oNP was observed. As second approach for
the detection of LacZ protein SDS-PAGE was performed. However, no LacZ band could be

detected either (data not shown).

Although the presence of the lacZ gene in the analyzed R. eutropha H16 strains was demon-
strated by PCR, no LacZ expression could be detected, applying the standard detection
methods like the B-galactosidase assay or SDS-PAGE. Even though lacZ was applied as re-
porter gene in R. eutropha H16 in several studies [21], [112], [113] the combination of lacZ
and the par region in our expression vector may have caused too much stress for the cells
leading to an interruption of the LacZ expression. Regarding also the mentioned problems
during the expression of eGFP another reason would be that the expression levels of LacZ
were just too low for the detection via the B-galactosidase assay. For cell lysis of the R. eu-
tropha H16 samples the double amount of chloroform and SDS had to be applied compared
to E. coli cells [89]. The high levels of SDS may lead to the denaturation of small amounts of

B-galactosidase.

Due to the detection problems of lacZ in R. eutropha H16 during our work we continued with

the application of eGFP as reporter gene for our expression vectors.
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Conclusion and Outlook

In this work four new expression vectors for R. eutropha H16 containing different origins of
replication — the REP and RSF1010 from the medium copy number plasmid pBBR1 and the
rather high copy number plasmid RSF1010, respectively, as well as the two variants oriV393
and oriV632 from the low copy number plasmid RK2 — were constructed. With the partition-
ing system from the RK2 plasmid, the par region, the 100% stability and stable maintenance
of all vectors in the R. eutropha H16 strains was achieved. The expression of the applied re-
porter protein eGFP could be detected for all strains, although some problems occurred.
Some clones did not express eGFP at all and during fluorescence microscopy many cells
could be detected, which contained the plasmid but were not expressing eGFP. Therefore, a
comparison of the different replication systems and a proposition of possible effects of the

different copy numbers on the eGFP expression were rather difficult.

Via the generation of the R. eutropha H16 [pKR-Tac-Par-eGFPAlacl RSF1010] strain by the
two different transfer methods — electro-transformation and conjugation — it could be
shown that the problems with the eGFP expression seemed to be connected with the elec-
tro-transformation. During fluorescence microscopy of the R. eutropha H16 [pKR-Tac-Par-
eGFPAlacl RSF1010] generated via conjugation all cells showed high levels of expressed
eGFP. The conjugation seems to be the better method for plasmid transfer into the R. eu-

tropha H16 cells, resulting in a much higher eGFP expression.

For future studies it would be very interesting to further analyze the problems which appar-
ently occurred during the electro-transformation and to compare the different effects of the
transformation and the conjugation in R. eutropha H16 on the protein expression level. For
the conjugation of the other designed expression vectors — containing the REP origin of rep-
lication, the oriV393 and oriV632 — the necessary mobilization genes have to be cloned into
the vectors. After the successful conjugation of all expression vectors in R. eutropha H16 a
new comparison of the different replication systems could be performed, analyzing possible

effects of their different copy numbers on the protein expression.
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Furthermore, in order to achieve higher expression levels and to reduce the stress on the
cells at the same time, the expression phase could be separated from the growth phase via
the generation of an inducible expression system for R. eutropha H16. The incapability to
assimilate lactose or IPTG for the application of the inducible Lac promoter system could be
overcome by the introduction of the lacY gene encoding a lactose permease. This would
provide an inducible expression system for R. eutropha H16, which could be applied also

during different growth conditions.
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Figures

Figure 1: Map of RK2 plasmid; indicated are regions for plasmid replication, partitioning and stable maintenance: the
vegetative replication region (oriV) with the gene for replication initiation protein (trfA), regions for the conjugational
transfer (oriT, Tra), a region encoding a multimer resolution system and postsegregational killing function (mrs/psk), a
central control region (par/ccr) for encoding and combining partitioning functions and three antibiotic resistance genes Km',
Ap', Tc', On the right site: the replication motifs of the oriV consisting of four DnaA boxes for binding of DnaA protein during
replication, eight repeated iteron sequences (sets of three and five) for binding the initiation protein trfA, the AT-rich region
for the initial helix stabilization and helicase binding and the GC-rich region; At the bottom: the genes encoding the
replication initiation protein (trfA) and a single strand binding protein (ssb) as well as the gene for global regulatory protein

ErDA; PICTUIE tAKEN FrOM [B5]. oo eiiiiieeieee ettt e e et e e e et e e e e eabeeeeeaaeeeeaseeeesseeeassaseensseeeeaseeeantaaeseaasseeeanseseanseeasannes 5

Figure 2: Minimal replicon of RK2 plasmid consisting of the oriV, the tetracycline resistance gene (marked with the black
arrow) and the trfA operon. oriV: four DnaA boxes (black arrow box) for binding of DnaA protein during replication, eight
repeated iteron sequences (sets of three and five, white arrow boxes) for binding the initiation protein trfA, the AT-rich
region (black arrows) for the initial helix stabilization and helicase binding and the GC-rich region; trfA operon: promotor for
trfA protein (Py.a), genes of replication initiation protein (trfA) and of single-strand binding protein (ssb); For the minimal

origin in E.coli and P. putida the cluster of three iterons located upstream in the oriV are not necessary; Picture taken from

Figure 3: Map of the RSF1010 origin of replication: the origin of replication oriV sequence, containing the 20 bp iterons
(white arrow boxes) for binding the RepC, the two single-strand DNA initiation signals (ssiA and ssiB) which are important
for replication initiation, and the G/C and A/T rich region; the coding region for the replication initiation proteins RepA
(helicase activity), RepB (primase activity), RepC (recognition of oriV), the origin of conjugational DNA transfer oriT, the mob
genes mobA, mobB, mobC and the genes for the small proteins E (unknown function) and cac (repressor protein); picture

BAKEN FrOM [B5]. ittt e e e et e e ettt e e tteeeeteeeeeabeeeeabasaaaassseeeasseaeasasaassseeaaseeeaasseeeansaeeaassessaesseeeansseeeasseeeansaaeansnen 9

Figure 4: Schematic map of the par region from the RK2 plasmid: the region is organized in the two operons parABC and
parDE encoding five proteins: ParA (encodes a resolvase), ParB (possesses nuclease activity), ParC (unknown function), ParD
(antitioxin for ParE), ParE (toxic protein). The combination of ParA, ParB and ParC function as plasmid partitioning system,

whereas ParD and ParE form a postsegregational killing system to ensures that plasmid-free daughter cells do not survive

ATEEE CRII AIVISION. <.ttt bttt s h et s b e e bt et e s bt e ab e e b e s he e b e e he e b e s bt eaeesbeeabeabe e ebe e b e ebeeanenbeeueenbenbeeneeas 11
e R T =T e |l o @ 1o T o 1 o SRS 20
Figure 6: Temperature program of the colony PCR fOr 8fP ....cccuuiiiiiiiiiiic ittt ettt e ba e e e saee e eas 24
Figure 7: The GENERUIET ™ DINA TAAUEE X, c.rveoeeeeeeeete e eeeseeeeeeseeesess e s esesese s sesesase e sass st eseseseeeseesessesseseseseesseseeasseesen 25

Figure 8: Vector map of pKR-Tac-par29.1-egfpAlacl REP, containing the Tac promoter, the REP origin of replication, the

kanamycin resistance gene, egfp as reporter gene and the old par29.1 sequence from the pGMA29 plasmid. ............cc....... 29

Figure 9: Base pair exchange for the deletion of the Ndel restriction site between parC and parD.......ccccceecveveercieeseesceeeneen. 30
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Figure 10: Scheme for the overlap extension PCR for the par sequence from the RK2 plasmid (A) and scheme of the par
sequence marking the different genes and the new Spel restriction sites (B). ParA encodes a resolvase, parB has nuclease
activity and the function of parC is not known yet. ParD and parE form a killing system for plasmid free segregants, in which

parE encodes a lethal polypeptide and parD an aNtagONiSt.........ceeiieiieerieeciereeee et e st e e see e e e s e e steesreeereesseeeseesseesnsneenns 31

Figure 11: Vector map of pKR-Tac-Par-egfpAlacl REP, containing the Tac promoter, the REP origin of replication, the

kanamycin resistance gene, egfp as reporter gene and the new designed par SEQUENCE. .......cccveeiiuiiieiiieeeniiee e eciee e 32

Figure 12: Par sequence from RK2 plasmid with Pstl restriction site on the end of parA and Notl restriction site on the end of

[ L SO PUPPRPPPIRY 33

Figure 13: Scheme for the construction of the pKR-Tac-Par-egfpAlacl REP with the par sequence between the Pstl and Notl
restriction sites: The pKR-Tac-par29.1-egfp (A) was cut with Spel to remove the par29.1 sequence and then re-ligated. The
resulting pKR-Tac-Apar29.1-egfp REP (B) was cut with Pstl and Notl to remove the lacl and was then ligated with the new
designed par sequence with Pstl and Notl restriction sites (C). The new constructed pKR-Tac-Par-egfpAlacl REP (D) was then

used for the construction of pKR-Tac-Par-egfpAlacl 0riV393/0rIVE32. ....cc.ccieieriieieie ettt e e sre e te e saeeneaens 34

Figure 14: Scheme for the overlap extension PCR of the oriV sequence and the Rep sequence on the RK2 plasmid (A) and
scheme of the new designed origins oriV393 (B) and oriV632 (C) with the added Tg 3,1 terminator sequence and the Spel

T To I o T o g ot T o TR -SSR 36

Figure 15: (A) Vector map of pKR-Tac-Par-egfpAlacl oriV393, containing the Tac promoter, the oriV393 origin of replication,
the kanamycin resistance gene, egfp as reporter gene and the new designed par sequence. (B) Vector map of pKR-Tac-Par-
egfpAlacl oriV632, containing the Tac promoter, the oriV632 origin of replication, the kanamycin resistance gene, egfp as

reporter gene and the NEW deSiZNEd PAr SEQUENCE .....cc.vuiiiiiiieiiiieeciiee ettt e ettt e e st e e st b eesbteessabeeesabbeesastaeaatseeessbeeesssaeesesssens 38

Figure 16: Vector map of pKR-Tac-Par-egfpAlacl RSF1010, containing the Tac promoter, the RSF1010 as origin of replication,

the kanamycin resistance gene, egfp as reporter gene and the new designed par SEQUENCE........cceerveereeecieereesieeeceeseeeeen 40

Figure 17: Vector map of pKR-Tac-Par-lacZAlacl REP, containing the Tac promoter, the REP as origin of replication, the

kanamycin resistance gene, lacZ as reporter gene (cloned with Xbal and HindlIll) and the new designed par sequence. ....... 41
Figure 18: Base pair exchange for the deletion of the Ndel restriction site in the lacZ sequence. ........cccccvevveveercieeseecceeenen. 42

Figure 19: Scheme for the overlap extension PCR for the lacZ sequence from the pRS415 plasmid (A) and scheme of lacZ

marking the new Ndel and Hindll reStriction SILES (B). .....ccveiiieiiieiieciteeiee et estee e es e e ereesveesteeebeestaeeseesseesaseenseesasessssesaneenes 42

Figure 20: Vector map of pKR-Tac-Par-lacZAlacl REP, containing the Tac promoter, the REP origin of replication, the

kanamycin resistance gene, the par sequence and [acZ as rEPOITEI GENE.....cccueieiiiieeiiieiiiee e et eree e srre e e siaee e sbeeessbaeeesareeeas 43

Figure 21: Scheme for the plasmid stability assay of E. coli Top10 strains: The preculture was inoculated from a singly colony
in LB media with 40 pug/mL kanamycin and incubated at 37°C for 20-24 h. After inoculating the liquid culture at time 0 h
with the preculture to an ODgy of 0.2 an aliquot of 100 pL was diluted (10’6-10’8) and plated on LB agar plates. The plates
were incubated at 37°C for 24 h and the resulting colonies were counted to determine the CFU. By stamping plates with
appropriate amount of colonies (10-30 colonies per plate) onto LB agar plates + 40 pg/mL kanamycin as selective antibiotic
the percentage of cells that had retained their plasmid was determined. The whole procedure was repeated after 24, 48, 72

F=La e IR 1S3 o T PP PPIRPPPRROY 45
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Figure 22: Scheme for the plasmid stability assay of R. eutropha H16 strains: The preculture was inoculated from a singly
colony in TSBgenzo Media with 200 pg/mL kanamycin and incubated at 28°C for 60-72 h. After inoculating the liquid culture
at time 0 h with the preculture to an ODgy of 0.2 an aliquot of 100 plL was diluted (10°-10) and plated on TSBy,,0 agar
plates. The plates were incubated at 28°C for 72 h and the resulting colonies were counted to determine the CFU. By
stamping plates with appropriate amount of colonies (10-30 colonies per plate) onto TSBge,y0 agar plates + 200 ug/mL
kanamycin as selective antibiotic the percentage of cells that had retained their plasmid was determined. The whole

procedure was repeated after 24, 48, 72 aNd 96 N......ocueieiieiiice et e e et e e e aeesneeenaeeenneenne 46
Figure 23: Standard for SDS-PAGE: PageRuler™ Prestained Protein Ladder (Thermo Scientific)........cccccevvveecieeneeiireeneecveennen. 49

Figure 24: (A) Agarose gel of the two PCR products used for the overlap extension PCR of the par sequence: St: GeneRuler™
DNA Ladder Mix 500 ng, lane 1: Fragment from parA to Ndel (1550 bp), lane 2: Fragment from Ndel to parE (589 bp); (B)
Agarose gel of the overlap extension PCR product for the par sequence and of the vector backbone: St: GeneRuler™ DNA

Ladder Mix 500 ng, lane 1: par sequence (2256 bp), lane 2: pKR-Tac-par29.1-egfp- Alacl cut with Spel (4653 bp);.........c...... 54

Figure 25: Agarose gel of the control cut of the isolated plasmid DNA out of four different clones (lane 1-4): pKR-Tac-Par-
egfpAlacl Rep cut with Spel (vector backbone: 4653 bp, par Sequence: 2256 bp), St: GeneRuler™ DNA Ladder Mix 500 ng;54

Figure 26: (A) Agarose gel of the PCR products of the overlap extension PCR for the oriV393/oriV632: St. GeneRuler™ DNA
Ladder Mix 500 ng, lane 1: Rep sequence originated from RK2 plasmid (1618 bp) and lane 2: 393 bp fragment of oriV from
RK2 plasmid (393 bp), lane 3:632 bp fragment of oriV from the RK2 plasmid ; (B) Agarose gel of the overlap extension PCR
for the oriV393 and oriV632: St. GeneRuler™ DNA Ladder Mix 500 ng, lane 1: oriV393 (2097 bp) and lane 2: oriV632 (2335

Figure 27: (A) Agarose gel of the vector backbone: St. GeneRuler™ DNA Ladder Mix 500 ng, lane 1: pKR-Tac-APar29.1-
egfpAlacl cut with Pstl+Notl (4107 bp); (B) Agarose gel of the par PCR product with Pstl and Notl restriction site: St.
GeneRuler™ DNA Ladder Mix 500 ng, lane 1: par sequence with Pstl+Notl (2260 bp); (C) Agarose gel of control cut of the
new designed vector pKR-Tac-Par-egfpAlacl Rep with Pstl+Notl: St. GeneRuler™ DNA Ladder Mix 500 ng, lane 1: uncut
vector, lane 2. Cut vector with Pstl and Notl (vector backbone: 4107 bp, Par: 2260 bp). ..c.ccccveverererrieerieee e 56

Figure 28: (A) Agarose gel of the control cut of the pKR-Tac-Par-egfpAlacl oriV393 vector: St. GeneRuler™ DNA ladder Mix
500 ng, lane 1-10: cut vector DNA of the clones 1-10 (appropriate bands: vector backbone: 4652 bp, oriV393: 2097 bp); (B)
Agarose gel of the control cut of the pKR-Tac-Par-egfpAlacl oriV632 vector: St. GeneRuler™ DNA Ladder Mix 500 ng, lane 1-
10: cut vector DNA of the clones 1-10 (appropriate bands: vector backbone: 4652bp , 0riV632: 2335 bp); .ccccvveveeerereceeennen. 57

Figure 29: (A) Agarose gel of the RSF1010 PCR product: St. GeneRuler™ DNA Ladder Mix 500 ng, lane 1: RSF1010 (5746 bp);
(B) agarose gel of the vector backbone of the pKR-Tac-Par-egfpAlacl oriV393 cut with Spel and Pstl: St. GeneRuler™ DNA
Ladder Mix 500 ng, lanel: vector backbone (4652 DP); ....ueerirriiereerieeeese et e et e et e s et e e s e eaeesae e s teesneeense e s neeenes 59

Figure 30: Agarose gel wih different control cuts of the pKR-Tac-Par-egfpAlacl RSF1010 vector: St. GeneRuler™ DNA Ladder
Mix 500 ng, lane 1: uncut vector, lane 2: vector cut with Spel (linearized vector: 10390 bp), lane 3: vector cut with Pstl
(linearized vector: 10390 bp), lane 4: vector cut with Pstl+Notl (backbone: 8130 bp, Par: 2260 bp), lane 5: vector cut with
Spel and Notl (backbone: 2404 bp, RSF1010+Par: 7986 bp), lane 6: vector cut with Smal (backbone: 8793 bp, egfp+Kan":
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Figure 31: (A) Agarose gel of the lacZ gene from the pRS415 and the vector backbone of pKR-Tac-Par-egfpAlacl Rep, both
cut with Xbal and Hindlll: St. GeneRuler™ DNA Ladder Mix 500 ng, lanel: lacZ cut with Xbal and Hinlll (3078 bp), lane 3:
pKR-Tac-Par-egfp Alacl Rep cut with Xbal and Hindlll (5606 bp); (B) Agarose gel of the control cut of the pKR-Tac-Par-
lacZAlacl Rep vector with Xbal and Hindlll: St. GeneRuler™ DNA Ladder Mix 500 ng, lane 1-9: clones 1-9 (appropriate bands:
vector backbone: 5606 DP, 13CZ: 3078 DP) c.veecueiiiieeiiieie ettt ettt ettt e te e s e e et e s b e s beesteesabe e beesaae e taeeabe e beeeaaeebeaeetreebeenaeas 61

Figure 32: (A) Agarose gel of the lacZ and the vector backbone of pKR-Tac-Par-egfpAlacl Rep, both cut with Ndel and Hindlll:
St. GeneRuler™ DNA Ladder Mix, lanel: lacZ (3085 bp), lane 2: pKR-Tac-Par-egfpAlacl Rep cut with Ndel and Hindlll (vector
backbone: 5650 bp); (B) Agarose gel of the control cut of the pKR-Tac-Par- lacZAlacl REP vector with Ndel and Hindll: St.
GeneRuler™ DNA Ladder Mix, lanel: uncut vector, lane 2: pKR-Tac-Par-lacZAlacl Rep cut with Ndel and Hindlll (vector
backbone: 5650 b, 1aCZ 3085 DP); ..eecveerrerrieeirieiieeieeseeesteesteesteesseesseeeteesseeeseesstesseessseanseesseessseaaseesseeeaseeanseesneesseeenseenneeanen 62

Figure 33: Stability of the plasmid pKR-Tac-Par-egfpAlacl REP in E.coli Top10 and R. eutropha H16 over the time period of 96
e ettt e e ettt e eeheeeeet—eeeeitteeeatteeeaiteeeeatteeeatateeeateeeeaateeeateeeaasteeeateeeaaseeeaateeeeeaateseaasaeeeateeeaarreeeanteeeanraeenn 65

Figure 34: Stability of the plasmid pKR-Tac-Par-egfpAlacl oriV393 in E.coli Top10 and R. eutropha H16 over the time period
OF 9B Nl bbbt bbbt h et et R e a e bkt E e R e h bt E b e Rt eh e bt e s ea e bt e bttt e e e st e bt b e s e ene 66

Figure 35: Stability of the plasmid pKR-Tac-Par-egfpAlacl oriV632 in E.coli Top10 and R. eutropha H16 over the time period
Lo 5 SRR 68

Figure 36: Stability of the plasmid pKR-Tac-Par-egfpAlacl RSF1010 in E.coli Top10 and R. eutropha H16 over the time period
OF 96 N ettt e et e e e eteeeee—ee e ettt e eeteeeabeteaeaatteeeateaeaabteeaatteeeaabeeeeasaeeeateee e nbeeeeasteeeataeeaareeeateeeaaanes 70

Figure 37: Agarose gel of colony PCR for egfp: St. GeneRuler™ DNA Ladder Mix 500 ng, lane 1: E. coli Top 10 [pKR-Tac-Par-
EGFPAlacl Rep] positive control; lane 2: R. eutropha H16 wild type strain, negative control; lane 3: R. eutropha H16 [oKR-
Tac-Par-egfpAlacl orivV393]; lane 4: R. eutropha H16 [pKR-Tac-Par-egfpAlacl Rep], lane 5: R. eutropha H16 [oKR-Tac-Par-
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Figure 38: Agarose gel of colony PCR for egfp: St. GeneRuler™ DNA Ladder Mix, lane 1: E. coli Top 10 [pKR-Tac-Par-
EGFPAlacl Rep] positive control; lane 2-6: R. eutropha H16 [oKR-Tac-Par-egfpAlacl RSF1010]......ccccevveerirecieereerieeseeseeenenn 73

Figure 39: Fluorescence microscopy of R. eutropha H16 wildtype: (A) Visible light, (B) emission bandpass filter at 450/490
nm and suppression longpass filter at 515 nm (Filter 13, blue), exposure time 290ms.The images were amplified eightfold

using the Leica DFC350 FX monochrome Digital Camera and the Corel photo editor software.........cccccevveeveeeceeneerceeceees 74

Figure 40: Fluorescence microscopy of R. eutropha H16 [pKR-Tac-Par-egfpAlacl REP]: (A) Visible light, (B) emission bandpass
filter at 450/490 nm and suppression longpass filter at 515 nm (Filter I3, blue), exposure time 290ms. The images were

amplified eightfold using the Leica DFC350 FX monochrome Digital Camera and the Corel photo editor software................ 75

Figure 41: Fluorescence microscopy of R. eutropha H16 [pKR-Tac-Par-egfpAlacl oriV393]: (A) Visible light, (B) emission
bandpass filter at 450/490 nm and suppression longpass filter at 515 nm (Filter I3, blue), exposure time 290ms. The images

were amplified eightfold using the Leica DFC350 FX monochrome Digital Camera and the Corel photo editor software....... 75

Figure 42: Fluorescence microscopy of R. eutropha H16 [pKR-Tac-Par-egfpAlacl oriV632]: (A) Visible light, (B) emission
bandpass filter at 450/490 nm and suppression longpass filter at 515 nm (Filter I3, blue), exposure time 290ms. The images

were amplified eightfold using the Leica DFC350 FX monochrome Digital Camera and the Corel photo editor software....... 76
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Figure 43: Fluorescence microscopy of R. eutropha H16 [pKR-Tac-Par-egfpAlacl RSF1010]: (A) Visible light, (B) emission
bandpass filter at 450/490 nm and suppression longpass filter at 515 nm (Filter I3, blue), exposure time 290ms. The images

were amplified eightfold using the Leica DFC350 FX monochrome Digital Camera and the Corel photo editor software....... 77

Figure 44: Fluorescence microscopy of R. eutropha H16 [pKR-Tac-Par-egfpAlacl RSF1010] generated via conjugation: (A)
Visible light, (B) emission bandpass filter at 450/490 nm and suppression longpass filter at 515 nm (Filter I3, blue), exposure
time 290ms. The images were amplified eightfold using the Leica DFC350 FX monochrome Digital Camera and the Corel
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Figure 45: SDS-PAGE gel (A) and Western Blot (B) for the detection of egfp in various R. eutropha H16 strains. The sample
order is similar on both pictures: St. PageRuler Prestained Protein Ladder (Fermentas), lane 1: E.coli Top10 [pKR-Tac-Par-
egfpAlacl REP] (positive control), lane 2: R. eutropha H16 (negative control), lane 3: R. eutropha H16 [pKR-Lac-Par-egfpAlacl
REP], lane 4: R. eutropha H16 [pKR-Tac-Par-egfpAlacl Rep], lane 5: R. eutropha H16 [pKR-Tac-Par-egfpAlacl REP], lane 6: R.
eutropha H16 [pKR-CIV1a-Par-egfpAlacl Rep], lane 7: R. eutropha H16 [pKR-Tac-Par-egfpAlacl oriV 393], lane 8: R. eutropha
H16 [pKR-Tac-Par-egfpAlacl oriV632], lane 9: R. eutropha H16 [pKR-Tac-Par-egfpAlacl oriV632] .......ccceevvveciveveerveeieeseeeene 79

Figure 46: SDS-PAGE gel (A) and Western Blot (B) for the detection of egfp in different R. eutropha H16 strains. The sample
order is similar on both pictures: St. PageRuler Prestained Protein Ladder (Fermentas), lane 1: E.coli Top10 [pKR-Tac-Par-
egfpAlacl REP] (positive control), lane 2: R. eutropha H16 (negative control), lanes 3-9: R. eutropha H16 [pKR-Tac-Par-
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Figure 47: Agarose gel of the PCR for the lacZ gene on the pKR-Tac-Par-lacZAacl REP vector isolated from R. eutropha H16
[pKR-Tac-Par-lacZAacl REP]: St. GeneRuler™ DNA Ladder Mix 500 ng, 1ane 1:1acZ (3078 bP) weeevveerreecreeieeeieeceeeree e eveees 85

Figure 48: Vector map of pRS415, containing the pUC ori as origin of replication, the ampicillin and tetracyclin resistance
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Figure 49: Vector map of pKR-Lac-Par-egfpAlacl REP, containing the Lac promoter, the REP origin of replication, the

kanamycin resistance gene, egfp as reporter gene and the new designed par SEQUENCE. ......cceevcverrerecreereeeieeseeeceenee e 110

Figure 50: Vector map of pKR-CIV1a-Par-egfpAlacl REP, containing the CIV1a promoter originating form R. eutropha H16,

the REP origin of replication, the kanamycin resistance gene, egfp as reporter gene and the new designedpa -sequence..111

Figure 51: Vector map of pKR-CIV1a-Par29.1-AegfpAlacl REP, containing the ClIV1a promoter originating form R. eutropha
H16, the REP origin of replication, the kanamycin resistance gene and the par29.1 sequence. egfp as reporter gene was
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Figure 48: Vector map of pRS415, containing the pUC ori as origin of replication, the ampicillin and tetracyclin

resistance genes, as well as the lac operon.
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the kanamycin resistance gene, egfp as reporter gene and the new designed par sequence.
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Terminator sequences from RK2 [30]:

Ti13.2: ATATCTGTTCGAGGCGGGGCGCTTGGCCCTGCCTCTTTTCGTTTTCGTCCT

Tri31.1: ATATCTGTTCGAGGCGGGGCGCTTGGCCCTGCCTCTTTTCGTTTTCGTCCT

Sequence of oriV393:

Spa
pes— ’ —— - . R e "
1 ACTAGTGGCC ACGTGGAGCT GEECAGCETIC GOAAATCGGC GAAAAEEGCCT GATTITACGC GAGTTICCCA CACATCATGT GGACABCCCT GGGGATAAGT
TGATCACCEC TECACCTCGA CEGETCEERC COTTTAGCCE CTTTTEEEGR CTARAATCCG CTCARRGGET GICTACTACA CCIETTCGGA CCCCTATTCA
101 GCOCCTGCGEGT ATTGACACTT GAGEGECGCE ACTACTEGACA GATGAGGGEC GCGATCCTTIG ACACTTGAGG GGCAGAGTGC TGACAGATGA GEGGCECACC
CGGEEACCCCA TAACTGTGAA CTCCOCCECEC TEATGACTET CTACTCCCCE CECTAGGAAC TEICAACTCC CCSTCTCACE ACTETCTACT CCCCECGTGE
201 TATTEACATT TGAGGGGECTE TCCACAGECA GARAATCCAG CATTTGCARG GGTTTCCECC CETTTTICEE CCACCECTAA CCTO
AACTETAAR ACTCCCCGAC AGGTGTCCET CTTTTAGGTC GTRAACGTTC CCAMAGGCGG GCAARAAGCC CGTEGCGATT GGA
301
GGACEGET

GACGATGCT
CTGCTACGAR

501

601

rol

201

901

1001

AGCTACGATC CECTARAGTT CAGC T I T T
GCTAG GCGATTTCAA GAACTGTCGC CTTGETTACA AATCGATTTG ATCTCAGAGE AAAGAGTICC

TCGA'

GGGCACAT
CCCGTGTA

T CTARAC GAGTCTCC TT CARAGH

TGCCCCEECE TEAGTCGGEGEE CAATCCCGCA
ACGGGEECCEE ACTCAGCCCC GTTAGGECGT

R

TCTGARAGCT

AGGAGGETGA
TCCTCCCACT

-
HA
=1
e

-
k3
=1
=

Mel
1801

1501

2001

T

TATCTGTTCG
ATAGACRRAGT

n
=]
=

||

AGGCGEEECE CTTGGECCCTE CCTCTTTTCG TTTICGTCCT CTGCAG
TCCECCCCGE GARCCGGGAC GEAGRAARGC RARRGCAGGA GRACGTC

The DnaA binding boxes are marked in pink, iterons are marked in yellow, the AT-rich region in light blue, the
GC-rich region in dark blue, the ssb sequence in green and the trfA gene in red. Mutations in the sequence (at
180 bp and at 347 bp) compared to the original sequence of the RK2 plasmid [30] are marked with red letters.
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Sequence of oriV632:

.
1 ACTAGTCCTT TCCGACGCTC ACCGEGCTGE TTECCCTCGC CECTGGLCTGE GCGGLCGTCT ATGGCCCTGC. ARACGCGCCA GAAACGCCET CGARGCCETE
TGATCAGGAA AGGCTGCGAE TGGLCCEACC AACGGGAGCG GCGACCCGAC CECCGGCAGA TACCGGGACG TTTGCECGET CTTTGCGGCA GCTTCGGCAC

N
wormonovposre
101 TGCGAGRCAC CECGGLCGCC GGECGTTETGE ATACCTCGCG GARAACTTIGG CCCTCACTGA CAGATGAGGE GOGGACGTTG ACACTTGAGE GGECCGACTCA
ACGCTCTGTG GCGCCGECGE CCGCAACACC TATGGAGCGEC CTTTTGAACC GGCAGTGACT GTCTACTCCC CGCCTGECAAC TETGEAACTCOC CCGGECTGAGT

G
01 CCCGECGCGE CGTTEACAGA TEAGGGLECAG GCTCGATTIC GECCGGECEAC GTGGAGCTEG,;Q&G&CTCGC RAATCGGCGA AAACGCCTEA TITTACGCGA
GGBCCGCGCC GCAACTGTCT ACTCCCCETC CGAGCTAMAG CCGECCGCTG CACCTCGAEE BEEEEBAGCG TTTAGCCGCT TTTREEGRET ARAMNTGCECT

301 GETTCCCACE CATGATGTGS ACAAGCCTGE GEATAAGTGC CCTGCGGTAT TGACACTTGA GGEGCGCGAC TACTGACAGA TEAGGGGCGEC GATCCTTGAC
CARRGEGIGTECTACTACACC TETTCGEACC CCTATTCACG GEACGCCATA ACTGTGAACT CCCCGCGECTG ATGACTGTCT ACTCCCCGCG CTAGGAACTG

401 ACTTCAGGSE CAGAGTGCTE ACASATGAGE GECGCACCTA TTGACATTTE AGEEGCTETC CACAGGCAGA RAATCCAGCA TTTECAAGSE TTTCCECTCE
TEAACTCCCC STCTCACCAC TGTCTACTCC CCECETEGAT AACTETAAAC TCCCCEGACAE GTGTCCGTCT TTTAGGTCET AAACGTTCCOC AAAGGCGGEEC
501 TTTITCGECC ACCCCTAACC LA ¢
ARRRAGCCGEE TGGCGATTGE

CCCTCCCGGA CGATGCTTIAG CTACGATCCG CTARAGTTCT TGACAGCGGA ACCAATGTTT AGCTAAACTA
GGEAGEECCT GCTACGAATC GATCGCTAGGEC GATTTCAAGR ACTGTCGCCT TGGTTACAAR TCGATTTGAT
GAGTICTCCTT TCTCARGGAC ACTTICGA
CTCACACGAR AGACTTCCTC TCAMAGCT

CCCCOBCERET
SEEECCECAC
AGTCGGGGCA A
TCAGCCCCGT TAGGGCETTC

ATA TCTGTTCGAG GCGEGECGCT
TAT AGACAAGCTC CGCCCCGCGA

2301 TEECCCTGCC TCTTTTCGTT TICGICCTCT GCAG
ACCGGLACGGE ACAARACCAA ARCCAGGAGA CGTC

The DnaA binding boxes are marked in pink, iterons are marked in yellow, the AT-rich region in light blue, the
GC-rich region in dark blue, the ssb sequence in green and the trfA gene in red. Mutations in the sequence (at
180 bp and at 347 bp) compared to the original sequence of the RK2 plasmid [30] are marked with red letters.

Sequence of the pRK310 plasmid (derivate of pRK290): only the additional 76 bp are shown

1 CTGCCATTTT TGEGETGAGG CCGTTCGCGE CCGAGGGECG CAGCCCCTGE GGGGATGGGA GGCCCGCGTT AGCGEG
GACGGTARAR ACCCCACTCC GECARGCGCC GECTCCCCGC GTCOGGGEGACC CCCCTACCCT CCGGGECGCAA TCGCCC

Additional 76 bp of the oriV sequence of the pRK310 plasmid, unknown function;



