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1. Abstract 
 

English 
 

Chlorate and perchlorate pollutions have become a problem in the environment in the last 
decades. Studies have shown that some bacteria can degrade these substances into 
unharmful substances such as chloride and molecular oxygen. One of these chlorate 
degrading bacteria is Ideonella dechloratans that uses chlorate reductase and chlorite 
dismutase to process chlorate. In the promoter gene sequence of chlorite dismutase there 
might be regulator sequences such as fumarate and nitrate reductase regulator (FNR) and 
aerobic respiration control protein (ArcA) that might control the transcription of this 
enzyme. This promoter sequence was placed in a pBBR1MCS-4-LacZ reporter vector and 
the possible regulatory sequences were changed through site-directed mutagenesis and 
tested on activity through beta-galactosidase assays. The changes in the FNR binding 
sequence gave beta-galactosidase activity that was close to a negative control which might 
give conclusions that either FNR has an important role or an important part of the promoter 
was hit. The changes in the ArcA regulator binding sequence did not give such big 
differences and no certainty can be given if this made important changes to the promoter. 
 

Nederlands 
 

Chloraat en perchloraat vervuiling zijn een probleem geworden voor het milieu in de laatste 
decennia. Bepaalde studies hebben aangetoond dat er bacteriën bestaan die deze 
moleculen kunnen afbreken tot chloride en moleculaire zuurstof. Één van deze bacteriën 
die chloraat kan afbreken is Ideonella dechloratans dat gebruik maakt van chloraat 
reductase en chloriet dismutase in dit proces. In de gen sequentie van de promotor van 
chloriet dismutase zitten mogelijke regulatie sequenties zoals fumaraat en nitraat 
reductase regulator (FNR) en aerobic respiration control protein (ArcA) die de transcriptie 
van chloriet dismutase kunnen beïnvloeden. Deze promotor sequentie werd in pBBR1MCS-
4-LacZ reporter vectoren geplaatst en met site-directed mutagenese aangepast en getest 
op beta-galactosidase activiteit. De veranderingen in de sequentie van FNR bindingsplaats 
leverden een beta-galactosidase activiteit op die dicht bij de negative controle lag, dit kan 
een teken zijn dat FNR weldegelijk een grote invloed heeft of dat een belangrijke sequentie 
in de promotor geraakt is. De veranderingen va de ArcA sequentie gaven geen al te 
spectaculaire verandereingen vergeleken met de ongemuteerde promotor dus de kans 
bestaat dat ArcA geen effect heeft op de regulatie van chloriet dismutase. 

  



 

  

 

2. Abreviations 
 

ADP: Adenosine diphosphate 

ArcA: Aerobic response control protein 

ATP: Adenosine triphosphate 

Cld: Chlorite dismutase 

Clr: Chlorate reductase 

ClO2
-: chlorite 

CRB: Chlorate respiring bacteria 

DMSO: Dimethyl sulfoxide 

FNR: Fumarate and nitrate reductase regulator protein 

HRP: Horseradish peroxidase 

IPTG: Isopropyl β-D-1-thiogalactopyranoside 

ONPG: ortho-Nitrophenyl-β-galactoside 

Pcr: Perchlorate reductase 

PCR: Polymerase chain reaction 

PRB: Perchlorate respiring bacteria 

[Por…Fe(III))]: horseradish peroxidase 

[Por+…Fe(IV)=O]: compound I 

[Por…Fe(IV)=O]: compound II 
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3. Introduction 
 

In the last decades pollution of the earth has become a bigger and bigger problem. Waste 
that can’t be degraded in a natural way piles up and pollutes land and water. The need for 
a solution to this problem grows every year. Scientist are searching for ways to solve this 
problem in all possible fields. In this thesis the field of microbial degradation is put in the 
centre. Certain organisms are promising in the way they metabolise these waste products 
and their chemical components. The problem is that not much is known about how they 
do this. Investigating the different metabolic paths and methods these organisms use is 
very useful and can give possible solutions in the future. 
 
An interesting feature from certain bacteria that has been discovered about 20 years ago 
is (per)chlorate respiration. These bacteria can degrade chlorate and/or perchlorate to 
chloride and molecular oxygen. Although a lot of research has been done around this 
subject, scientist are not entirely sure how these bacteria degrade these products. It is 
known that it is a form of anaerobic respiration. Most of the bacteria are facultative aerobes 
and will use oxygen in the first place. This because oxygen is still the main electron 
acceptor for these bacteria and they will only switch to another electron acceptor if there 
is a lack of oxygen. This explains why chlorate and/or perchlorate respiration occurs in 
anaerobic conditions. 
 
Ideonella dechloratans is one of the bacteria that is capable of degrading chlorate. One of 
the enzymes it uses to do this is chlorite dismutase that can degrade chlorite to chloride 
and molecular oxygen. In this thesis the chlorite dismutase promoter of Ideonella 
dechloratans will be further investigated. Most (per)chlorate respiring bacteria that are 
studied show that oxygen inhibits their degrading capabilities. In I. Dechloratans studies 
have shown that  there is a difference in chlorite dismutase production in aerobic and 
anaerobic conditions1. This gave to think that there might be regulatory sequences and 
these have indeed been found under the form of transcription factors fumarate and nitrate 
reductase regulator (FNR) and aerobic respiration control protein (ArcA) binding 
sequences. The question is if these sequences have a function in the expression of chlorite 
dismutase by changing them through site-directed mutagenesis. 
 

4. Literature study 
 

 

4.1. (Per)chlorate pollution 
 
Until a few years ago it was believed that natural occurrence of perchlorate and chlorate 
was not possible and the only cause was the waste from factories, paper mills and other 
human activities. These products are highly soluble in water and have a stable character. 
Under humid conditions chlorate stays in the soil for 6 to 12 months. When in a dry 
environment with low rainfall the chlorate can be present for up to six years2. The danger 
in both of these substances is that they can affect normal biological activities. Chlorate is 
a strong oxidant that can cause damage to many biological processes and extinguish 
certain life forms such as the Baltic sea algae3. Perchlorate can interfere with the iodide 
uptake in humans and this can lead to serious hormone related problems4 and even 
problems with brain development in foetuses. Recent studies have shown that there is a 
problem with perchlorate pollution in the United States of America. Many of the states have 
contaminated soils, waters and even ground waters5.  
 

4.2.  (Per)chlorate respiration 
 

The most important part about respiration of course is that there needs to be a way that 
these reactions are connected to a mechanism that translocates protons across a 
membrane and uses this energy to produce adenosine triphosphate (ATP) out of 
adenosine diphosphate (ADP) and a lose phosphate. A crucial factor in this process is the 



 

12 

 

final electron acceptor of the electron transport chain, this varies between bacteria but 
the bacteria that are investigated are capable of using chlorate.  
 

The last decades the research on how some bacteria can use perchlorate and chlorate as 
electron acceptor in their respiration process has been growing. By this time more and 
more starts to be known about how this mechanism works, but a lot of work is still to be 
done. Some of the recent researches are on the metabolism from a bioenergetics 
perspective6, the electron transport with chlorate respiration7, structure and evolution of 
chlorate reducing genes8, the presence of chytochrome c in the process9 and others. 
 
The reaction to degrade perchlorate to chloride and molecular oxygen is shown in Figure 
1. 
 

 
Figure 1 Reaction path of perchlorate to chloride and molecular oxygen 

The first two reactions are catalysed by perchlorate reductase in perchlorate reducing 
bacteria and the second reaction by chlorate reductase in chlorate reducing bacteria. The 
last reaction is catalysed by chlorite dismutase. Chlorate reductase of Ideonella 
dechloratans10,from Pseudomonas chloritidismutans11, the GR-1 strand12 and some 
others are already characterised. Chlorite dismutase from Ideonella dechloratans was 
researched by Danielsson Thorell13 
 

A difference can be seen between perchlorate and chlorate reductase. To start with, 
perchlorate reductase can degrade perchlorate and chlorate but chlorate reductase can 
only degrade chlorate. Also perchlorate reductase consists of  two subunits and chlorate 
reductase consists three subunits. When these subunits are investigated it is shown that 
the enzymes belong to the dimethyl sulfoxide (DMSO) reductase super family which 
means that these enzymes contain molybdenum14. 
 
Chlorite dismutase is a heme protein that is found in all (per)chlorate degrading bacteria 
that have been investigated until now. There will be more explanation about this enzyme 
further on (section 2.4). 
 
In Figure 2 it is shown how this simplistically might work. This is a hypothesis given by 
Nilsson et al.6 of how bacteria might process electrons when using (per)chlorate as 
electron acceptor. The enzymes chlorate reductase (Clr), perchlorate reductase (Pcr) and 
chlorite dismutase (Cld) are located close to the periplasm. For chlorate reductase 1/3 of 
the electrons is needed for degradation of chlorate to molecular oxygen and chloride, the 
other 2/3 go to the terminal oxidase that gives them to the terminal electron acceptor. 
When it is perchlorate half of the electrons is needed to degrade perchlorate and the 
other half goes to the terminal oxidase that reduces the terminal electron acceptor. The 
terminal acceptor can be chlorate or, in this special case oxygen. Oxygen is so special 
because it is not common that it is produced during anaerobic respiration. 

Figure 2 Theoretical electron need for (per)chlorate respiration. 
Some electrons go to perchlorate reductase (Pcr), chlorate 
reductase (Clr) and chlorite dismutase (Cld) that create 

chloride and oxygen. The others go to the terminal oxidase that 
gives the electrons to the produced oxygen to create water. 
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4.3. (Per)chlorate degrading bacteria 
 

In the last few decades a lot of (per)chlorate degrading bacteria have been discovered all 
over the surface of the earth. It’s interesting to look at these bacteria and compare them 
with each other. This can give a better understanding in how they developed the ability 
and how they use it. 
 

4.3.1. Different types 
 

There are two types of bacteria involved in this process, perchlorate-reducing bacteria 
(PRB) and chlorate-reducing bacteria (CRB). PRB can reduce perchlorate to chlorate and 
chlorate to chlorite. CRB can only reduce chlorate to chlorite. Dechloromonas 
aromatica15, Wolinella succinogenes16, Azospira suillum strain PS, Magnetospirillum 
bellicus strain VDYt and Dechloromonas agitata17 are known PRB. Known CRB are 
Ideonella dechloratans, P. chloritidismutans AW-1, Alicycliphilus denitrificans BC, 
Pseudomonas sp. Strain PK, Dechloromarinus chlorophilus NSS and Shewanella algea 
ACDC8. Phylogenetically seen these bacteria are not closely related although most of 
them belong to the family of proteobacteria. This suggests that the gene sequence of 
(per)chlorate reductase and chlorite dismutase was transferred through horizontal DNA 
transfer. Other evidence for this is that, in the genomes, there are similarities between 
the perchlorate17 and chlorate8 coding genomic islands. 
 

4.3.2. Ideonella dechloratans 
 

I. dechloratans is the bacterium that is going to be focused on the most in this thesis. 
The reason for this is because there has already been done some research on the subject 
of its enzymes and the way it uses chlorate13, 18 and also because Karlstad University 
already did a lot of research on this bacterium. 
 

Malmqvist Å et al.18 did research on this bacterium by growing it in laboratory scaled 
chemostat and biofilm reactors and after that characterizing the phenotype. It is a gram 
negative, respiring, cytochrome c oxidase positive and weak catalase positive bacteria. It 
is known to use organic acids, amino acids and carbohydrates as its source of carbon. It 
can use oxygen in aerobic conditions and chlorate in anaerobic conditions as an electron 
acceptor. 
 

4.4. Chlorite dismutase 
 

This enzyme is very important in the process of degrading (per)chlorates to chloride and 
oxygen. When (per)chlorate gets reduced it becomes chlorite, which is toxic to bacterial 
cells in high concentrations19. If chlorite dismutase was not available for the bacteria then 
it would die. As stated above, it catalyses the last step in the degradation of 
(per)chlorate to chlorite and oxygen and it can be found in the periplasm of I. 
dechloratans and other bacteria 
 

4.4.1. Reaction mechanism 
 
The word dismutase stands for the fact that in the redox reaction the oxidation number 
of the element is raised and lowered at the same time. This is not the correct term for 
the reaction that takes place but the term is so widely used by now that it might as well 
be held on to. 
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The way this enzyme works is still mostly a theoretical point, but recent research of I. 
Schaffner et al.20 has given a new insight on this subject. To begin with, in further 
research it is shown that the chlorite anion is able to interact with ferrous and ferric 
heme proteins. To fully understand chlorate dismutase a look at horseradish peroxidase 
is a good idea since it can also react with chlorite (ClO2

–). There is an important ferric 
heme protein horseradish peroxidase which is [Por...Fe(III)] that is oxidised by ClO2

- to 
compound I [Por+...Fe(IV)=O]. In this reaction hypochlorous acid is released (reaction 
1). Chlorite can also act as reducer for compound I to create compound II 
[Por...Fe(IV)=O] (reaction 2) which in its turn can also be reduced by chlorite to ferric 
horseradish peroxidase (HRP) again (reaction 3). Both these reactions create chlorine 
dioxide. Both reaction products of these reactions can oxidise ferric HRP back to 
compound I or II (reactions 4 and 5). 
 
 
 

 

 

 

 

 

 

When looking at chlorite dismutase itself there are two theoretical pathways that can be 
followed according to Schaffner et al.. It can experimentally be shown that chlorite is the 
only source of O2 in this process20. It’s experimentally proven that binding of chlorite to 
Fe(III) is an exergonic reaction (reaction 6) that forms [Por...Fe(III)--OClO] and that this 
needs to be reformed to [Por...Fe(III)--OOCl] in order to form Cl- and O2 (reaction 9). 
Either this change in conformation is done through compound I or compound II 
(reactions 7-8 or 10-11). The reaction with compound I, formation of hypochlorite and 
compound I through heterolytic bond cleavage and then the hypochlorite rebound 
process, is energetically less favourable over the reaction with compound II, a chlorine 
monoxide rebound process. The fact that there is a H-bonding network in the active site 
architecture of functional chlorite dismutase of D. aromatic and Candidates Nitrospira 
defluvii21 results in an imidazolate character of the proximal histidine. This makes higher 
oxidation forms of Cld more stable, which forms the conclusion that  

 

 

 

 

 

 

 

 

the compound I formation is more favourable. Experimental data and molecular dynamics 
simulations of compound I with hypochlorite20 confirm the theory that the Cld-typical 
distal arginine is important to keep the hypochlorite close to the active site for 



 

15 

 

recombination to form [Por...Fe(III)-OOCl-]. Some hypochlorite escapes from the active 
site in pH dependent manners. This leads to inactivation of the enzyme through oxidative 
modifications. This can explain why the enzyme stops working after a while. 
 

4.4.2. Gene sequence of the promoter 
 

More important is to start looking at the gene sequence itself since that is the part this 
project is most interested in. The arrangement of the Cld and Clr is variable in different 
bacteria. Chlorite dismutase is coded by the Cld gene, Chlorate reductase is however 
coded by multiple genes. Clr and Pcr both have four genes (ABCD) coding for them. 
Other genes found in chlorate or perchlorate gene clusters are the mobB and moaA who 
possibly might code for the molybdenum cofactor, napC/nrfH who code for a membrane 
bound cytochrome c and a cyt c site that codes for a soluble cytochrome c. The gene 
clusters of chlorate metabolism in I. dechloratans includes the Cld gene, an insertion 
sequence ISIde1, the Clr genes, the cyt c gene and the mobB gene. The genome of those 
genes genome can be seen in Figure 3.   

 
The Cld gene sequence from I. dechloratans can be seen in Figure 4. Until this point 
many of the sequences are still not classified and it is mostly guessing and testing to see 
what sequence might code for which task in the transcription. Although there is some 
experimental evidence that suggests the location of the transcription start22 because the 
upstream region has proven to contain a promotor region. 

Figure 4 chlorite dismutase gene in I. dechloratans. Start and stop codons are marked in 
respectively light green and red. The experimental start of the transcription is marked in dark 
green. The possible FNR binding site is marked in purple and the possible ArcA binding site in 
blue. The olive green part represents the repeats from the IS-element. 

Figure 3 Part of the chlorate metabolizing genomic island in I. dechloratans showing the 
arrangement of the cld and clr genes. 



 

16 

 

 
 

4.5. Regulatory sequences 
 

In bacteria the transcription of genes can be regulated. This can be due to the fact that 
too much of the gene is harmful for the bacteria or that it is not needed at that time. 
There are many sorts of regulations but in this case the focus lays on the ones that are 
controlled by the redox balance in the cells. 
 

For bacteria it is very important to control the balance in redox reactions. The loss of this 
balance can have a big effect on biological reactions such as the transcription of protein 
sequences, protein folding, metabolic reactions, etc. and this causes that the cells cannot 
function in the right order and might even die. The concept of transcription factors is that 
a protein that reacts to certain changes in the cell environment binds to a certain DNA 
sequence and this  interferes with the binding of RNA polymerase resulting in inhibition 
or activation. To further explain the concept of regulatory systems that sense redox or 
oxygen concentration changes, this chapter will explain two commonly found ones 
namely FNR and ArcA. 
 

4.5.1. FNR box 
 

 
Fumarate and nitrate reduction sequence or FNR sequence is known in E. coli to have a 
high affection towards [4Fe-4S] fumarate and nitrate reductase (FNR) a protein with an 
iron-sulphur cluster as cofactor. The binding of this protein can result in both activation 
or inhibition of a certain promoter region, depending on the position of the FNR sequence 
with respect to the defined promoter.  
 
A perfect FNR sequence is TTGATnnnnATCAA. In the Cld promoter there is a certain 
sequence that might be an FNR regulatory sequence. This is indicated by the black box in 
Figure 3. There is a suspicion that it works as an inhibitor since it is placed 20 bp 
upstream of the transcription start but there is not yet any certainty of this theory. 
Another point of view is that it might be an activator for a theoretical other type of 
promoter. 
 
FNR binds iron-sulphur clusters as cofactors through a disulphide bridge to Cys residues 
and when this dimeric [4Fe-4S] is exposed to O2 a reaction will occur where dimeric 
[4Fe-4S] will be reduced to [2Fe-2S] with an intermediate form of [3Fe-4S]23.   
 
When O2 is abscent  FNR gets a [4Fe-4S]2+ cluster that leads to conformation changes 
that will result in the formation of homodimers that will bind a specific DNA site. 
When O2 is present the O2-sensing site becomes active. This site that is located in the N-
terminal domain of the protein and consist of four cysteine aminoacids who will bind the 
O2. When this occurs the [4Fe-4S]2+ will convert to [2Fe-2S]2+ which will cause the 
protein to change into monomers and no DNA binding will occur. 
 

4.5.2. ArcAB regulator 
 
Another type of regulator sequence is the ArcAB regulator. This regulator consist of two 
components. ArcB is membrane bound sensor kinase and ArcA is the response regulator. 
ArcB registers changes in the respiration or fermentation process from the cell. This 
system is optimal in E. coli in anaerobic conditions with fermentation when NADH is 
recycled to NAD+.24 The DNA binding ability of ArcA is caused by reversible 
phosphorylation by ArcB. The kinase activity of ArcB is controlled by the redox states of 
the ubiquinone and menaquinone pools who are linked to the NADH/NAD+ redox 
couple24. 
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5. Laboratory research 
 

5.1. Materials and methods 
 

5.1.1. Used bacteria and plasmids 
 

The bacteria used in this study are E. coli XL1-Blue and E. coli SH7(Met-). Both these are 
derivatives of E. coli K12 and are grown in LB medium (appendix) and have a good 
growth rate.  
 
The XL1-Blue  cells are resistant to tetracycline and nalidixic acid, they lack endonuclease 
I which gives better plasmid preparations and because of the recA1 protein there is less 
chance of unwanted cloned DNA. 
 
The plasmid used in the experiments is pBBR1MCS-4-LacZ25. This is an 8040 bp long 
reporter vector with ampicillin resistance. It also has a sequence for beta-galactosidase 
but no promoter sequence to transcribe this gene so it is perfect to measure promoter 
activity. The most important restriction sites in this study are HindIII, PstI and VspI. 
HindIII and PstI because these are used to place the Cld promoter in the vector. VspI 
because a VspI restriction place will be added by the FNR mutation. This bacterium strain 
also needs to be treated with deoxyadenosine methylase (dam methylase) that adds a 
methyl group to the adenine in 5’-GATC-3’26 to make it dam+ so after mutagenesis the 
DpnI restriction enzyme can recognise it as template and destroy it. 
 

5.1.2. Primer development and used primers 
 

For the mutagenesis set, primers needed to be developed. Before this there needed to be 
a reference on how to mutate the sequences. For the FNR mutation this reference came 
from M. Bekker et al.27 who suggested to change TTGACTTAAATCAA to 
TTAATTAAAACAAA and successfully proved that this would disable the FNR sequence and 
also added a VspI restriction site to the sequence as control. For the ArcA mutation the 
reference came from28 and the change that was chosen is TGTTAAGTTTC to 
TCCGAAGTTTG. The ArcA change was a combination of both the article and the histogram that 

showed the importance of each nucleotide (Figure 5). 

 

 

 
 

 

5.1.3. Transformation in XL-1 Blue cells 
 

To place the pBBR1MCS-4-LacZ vector with Cld promoter in XL1-Blue supercompetent 
cells (Stratgene) the protocol from Stratagene was followed. Two 14 ml BD Falcon 
polypropylene round bottom tubes where put on ice. The XL1-Blue supercompetent cells 
where thawed on ice. When thawed 100 µl of the cells were put in each Falcon tube. 
After this 1,7 µl beta-mercaptoethanol (provided in the kit) was added. After gentle 
swerling the tubes were put on ice for 10 minutes. To one falcon tube 0,1 – 50 ng of the 
desired plasmid was added, to the other one 1 µl pUC18 control vector (provided in the 
kit) was added. After gently swerling the tubes were put on ice for 30 minutes. After the 
30 minutes the falcon tubes were heat pulsed at 42°C for 45 seconds and then put on ice 
again for 2 minutes. Then 0,9 ml preheated SOC medium was added and the tubes were 
put on 37°C for 1 hour with shaking at 225-250 rpm. From the wanted plasmid cells 4 LB 
ampicillin plates were plated with volumes of 25, 50, 100 and 150 µl, from the pUC18 
test 2,5 µl was plated on the same media. The remaining volume of culture was 
centrifuged at 5000 g for 2 minutes, the supernatant thrown away and then resuspended 
in 100 µl SOC medium. 
The plates were put in a 37°C incubator for overnight growth. 

Figure 5 Histogram with importance of each nucleotide in 
the ArcA binding sequence (Virtual Footprint) 
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5.1.4. Plasmid preparation 
 

An overnight colony from the wanted XL1-Blue cells was made from freshly made LB 
ampicillin (1 mg/ml) plates and inoculated in 5 ml LB ampicillin (1 mg/ml) medium and 
grown overnight at 37°C. For Plasmid preparation the Plasmid DNA MINI Kit (EZNA) was 
used.  After growth this was centrifuged at 5000 g for 2 minutes. The supernatant was 
thrown away and 250 µl of Solution I was added and the tube was vortexed. The 
supernatant was transferred to a 1,5 ml microcentrifuge tube. After this 250 µl Solution 
II was added and this was put to rest for 2-3 minutes. Then 300 µl Solution III was 
added and the tube was swirled around 4-6 times. The tube was placed in a centrifuge at 
14 500 g for 10 minutes. To clean out the HiBind DNA mini column, it was placed in a 2 
ml collection tube and 100 µl 3M NaOH was added. This was put in a centrifuge at 13 000 
g for 30-60 seconds. The eluent was thrown away. The supernatant from the sample 
tube was carefully transferred to the HiBind DNA mini column and this was centrifuged at 
13 000 g for 1 minute. The eluent was thrown away. Then 500 µl HBC buffer was added 
and the column was centrifuged again at 14 500 g for one minute, the eluent was thrown 
away. To wash away unwanted DNA 700 µl of DNA wash buffer was added and again 
centrifuged at 14 500 g for one minute, eluent thrown away. This last step was repeated 
once more. After this the empty column was centrifuged once more at 13 000 g for two 
minutes. Then it was transferred to a 1,5 ml microcentrifuge tube from which the cap 
was cut off. To this 40 µl of elution buffer was added and this was put to rest at room 
temperature for 1 minute. Then it was centrifuged at 13 000 g for one minute. The 
eluent was safed in a 1,5 ml microcentrifuge tube with cap. To make sure all the plasmid 
got off the column a second elution step was done but this time with 100 µl elution 
buffer. After the plasmid preparation the concentration of plasmid was measured by 
measuring the absorbance at 260 and 280 nm. For purity the A260/A280 ratio is measured 
and should be around 2. For concentration it is stated that an absorbance of 1 at A260 
states for 50 µg/ml double stranded DNA. 
 

5.1.5. Cleavage and gel electrophoresis of plasmid 
 

To check if the correct plasmid with Cld promoter was purified from the bacteria a 
digestion was done with HindIII and PstI restriction enzymes. These enzymes where 
chosen because these were also used to put the promoter in the vector. Three kinds of 
digestions were done two single digestions with HindIII or PstI and one double digestion 
with both HindIII and PstI. The contents of each digestion are seen in Table 1. 
 

Table 1 Contents of digestion of pBBR1MCS-4-LacZ wth Cld promoter 

PstI HindIII PstI/HindIII 

1 µl PstI 1 µl HindIII 1 µl HindIII 

1 µl 10X R buffer 1 µl 10X R buffer 1 µl PstI 

8 µl 6.8 ng/µl plasmid 8 µl 6.8 ng/µl plasmid 1 µl 10X R buffer  

  7 µl 6.8 ng/µl plasmid 
The digestions were run for 90 minutes and as preparation for the electrophoresis 2 µl 6X 
loading dye was added. For the markers, in both of them 1 µl of marker was added to 9 
µl ddH2O and 2 µl 6X DNA Gel Loading Dye (Thermo Scientific). From the uncut vector 10 
µl was mixed with 2 µl 6X DNA Gel Loading Dye (Thermo Scientific). After digestion The 
single digests where placed on a 0,7% gel with Lambda/HindIII marker and uncut 
plasmid. The double digest was placed on a 1,5% gel with a GeneRuler Low Range DNA 
Ladder (Life Technologies). The gels were ran at 75 V and 400 mA for 72 minutes. 
 

5.1.6. Mutagenesis 
 
To mutate the Cld promoter the QuickChange Lightning Site-Directed Mutagenesis Kit 
from Agilent Technologies was used. The first step in the process is the PCR cycle which 
mutates the plasmid. For every PCR cycle a pWhitescript control sample was run to check 
if the protocol works. The contents of each sample are shown in Table 2. 
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Table 2 Content of mutagenesis samples 

pWhitescript control Sample S Sample T 

5 µl 10X reaction buffer 5 µl 10X reaction buffer 5 µl 10X reaction buffer 

5 µl pWhitescript plasmid 2.5 µl (FNR)/ 1.5 µl (ArcA) 

of 36.4 ng/µl template 

concentration 

1.5 µl (FNR)/2.5 µl (ArcA) 

of 36.4 ng/µl template 

concentration 

1.25 µl control primer 1 0.5 µl (FNR)/ 1 µl (ArcA) 

forward primer 

1 µl forward primer 

1.25 µl control primer 2 0.5 µl (FNR)/ 1 µl (ArcA) 

reverse primer 

1 µl reverse primer 

1 µl dNTP mix 1 µl dNTP mix 1 µl dNTP mix 

1.5 µl QuikSolution 1.5 µl QuikSolution 1.5 µl QuikSolution 

34 µl ddH2O 39 µl ddH2O 39 µl ddH2O 

1 µl Quikchange Lightning 

Enzyme 

1 µl Quikchange Lightning 

Enzyme 

1 µl Quikchange Lightning 

Enzyme 

 
According to the protocol the following cycles were run in the PCR. A first cycle on 95°C 
for 2 minutes. After that 18 times the following three cycles, 20 seconds at 95°C, 10 
seconds at 60°C and 4 minutes (30 seconds/kb) at 68°C. To end the PCR the product 
was put at 68°C for 5 minutes for the last time. 
 
After the PCR was run, the template needs to be destroyed. This could be done with the 
DpnI restriction enzyme that digests dam+ DNA so it leaves the mutated plasmid alone. 
This was done by adding 2 µl DpnI restriction enzyme and leaving this at 37° C for 5 
minutes. 
 
The last step was the transformation into E. coli XL1-Blue supercompetent cells 
(Stratagene). The XL1-Blue was chosen instead of XL10-Gold because it was proven able 
in transformations in the beginning of this research. To transform the mutated plasmid 
into these bacteria the cells where first thawed on ice. In the meantime 14 ml BD-Falcon 
tubes where pre chilled on ice. When the cells where thawed 100 µl of the cells was 
added to each Falcon tube. Then 2 µl beta-mercaptoethanol was added to each Falcon 
tube. The tubes where swerled and put on ice for 2 minutes. After this 4 µl of the DpnI 
treated mutagenesis samples was added to the tubes. To control the transformation 1 µl 
of pUC18 control plasmid was added to one tube. The tubes where swerled again and put 
on ice for 30 minutes. In the meantime SOC medium was put in a 42°C water bath. The 
cells where heat pulsed for 45 seconds at 42°C and put on ice for 2 minutes. After this 
0,9 ml preheated SOC medium was added and the cells were put in an incubator on 37°C 
for 1 hour. After this incubation the cells where plated on LB agar plates with ampicillin 
(1 mg/ml), Isopropyl β-D-1-thiogalactopyranoside (IPTG) (20 mM) and X-gal (80 µg/ml). 
IPTG and X-gal are for blue white screening so these were not added to the plates for the 
pUC18 control vector.  
 
After the mutagenesis of the putative FNR region the grown cells were tested on good 
constructs by digesting the plasmid that could be collected out of them with VspI 
restriction enzymes. This was done by having the restriction enzyme in 1X concentration 
of O-buffer with the mutagenesis product. This was then run on a 0,7% gel at 400 mA 
and 75 V for for 2 hours. The mutations that came positive out of the electrophoresis 
were send for sequencing to Eurofins in Germany.  
 
For the mutation products of the putative ArcA binding site the 6 samples that had high 
enough concentrations to be accepted by Eurofins (50 ng/µl) were send for sequencing. 
 

5.1.7. Beta-galactosidase assay 
 

To check if there was any change in the activity of the promoter, a beta-galactosidase 
assay was run. This was done according to the Miller protocol29 (Used products, see 
appendix).  
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The different types of cells tested were a negative control (E. coli XL1-Blue with 
pBBR1MCS-4-LacZ without Cld promoter), a positive control (E. coli SH7Met-) which 
expresses beta-galactosidase when induced by IPTG, the original vector pBBR1MCS-4-
Lacz with Cld promoter in XL1-Blue cells, the mutated vector in XL1-Blue cells. 
 
Since there is a difference in promoter activity in aerobic and anaerobic conditions, both 
of these conditions should be tested. An aerobic medium consists of 50 ml of LB medium 
and an anaerobic medium consist of a full flask (65 ml) LB medium and 40 mM NaNO3. 
For the positive control a 10 mM IPTG concentration was added to the mediums. 
 
An overnight culture of the desired cells was grown in 37°C. When grown for 14-16 
hours, 4 drops of this medium was added to an aerobic and anaerobic medium. These 
were put at 37°C and every 30 minutes the optical density at 600 nm was measured. 
When the OD600 was between 0,28 and 0,70 the cells were put on ice for 20 minutes. 
After this 1 ml of a certain ration (exact ratios given in 3.2) of Z-buffer 
(appendix)/culture was made in an Eppendorf tube, depending on how much activity was 
expected. To this tube 1 drop of toluene was added and the solution was vortexed for 10 
seconds. After this it was put in 37°C for 40 minutes with the top open. After the 40 
minutes the tube was put in the water bath of 28°C and after 5 minutes 0,2 ml ONPG (4 
mg/ml) was added as a substrate. The time was recorded until the suspension was 
yellow enough to be measured. The reaction was stopped with 0,5 ml 1M Na2CO3. The 
optical density at 550 and 420 was measured and the Miller Units were calculated 
according to equation 1. The optical density at 550 measures light scattering from cell 
debris that might interfere with the measurement at 420 which is the absorbance 
maximum of o-nitrophenol. 
 

1. 𝑈𝑛𝑖𝑡𝑠 = 1000 ∗
𝑂𝐷420−1,75∗𝑂𝐷550

𝑡∗𝑣∗𝑂𝐷600
 

 

t = time of reaction (minutes) 

v = volume of culture added (ml) 

 
 

5.2.  Results 
 

5.2.1. Transformation in XL1-Blue 
 

The host vector pBBR1MCS-4-LacZ with Cld promoter was transferred into XL1-Blue cells 
and to check the protocol the same was done with a pUC18 vector. From the samples 25-
150 µl was plated on four plates. 
 
After overnight incubation at 37°C on LB agar plates with ampicillin, the untransformed 
cells had no colonies, the pUC18 plate had two colonies, which shows that it was a 
successful transformation, and the sample plates all had more than 300 colonies.  
 

5.2.2. Plasmid preparation of XL1-Blue cells 
 

The pBBR1MCS-4-LacZ vector with possible Cld promoter was extracted again from one 
of the XL1-Blue colonies from the plates. The yield received from this plasmid preparation 
is calculated by measuring the absorbance at 260 nm. An A260 of 1 is equal to 50 µg/ml 
double stranded DNA. The purity of the sample was also measured with the A260/A280 
ratio and checked if it was around 2,0. The column of the kit was first washed with 40 µl 
and then a second time with 100 µl. The concentration of the 40 µl sample was 36,4 
ng/µl with a purity of 2,01 and the concentration of the 100 µl sample was 6,8 ng/µl with 
a purity of 2,19. 
 

5.2.3. Gel electrophoresis of original vector 
 

The plasmid received from the plasmid preparation was digested with HindIII and PstI to 
make sure that the pBBR1MCS-4-LacZ vector was in there with the Cld promoter. The 
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digestion products were put in agarose gels and run through electrophoresis. The two 
gels are seen in Figure 6 A and B. 
  

 
In Figure 6 A it can be seen that the plasmid is indeed cut by both restriction enzymes, 
meaning that the pBBR1MCS-4-LacZ reporter vector is in there. In Figure 6 B nothing 
can be seen and so there is no way of telling if the Cld promoter is really in there. 
 

5.2.4. FNR mutagenesis 
5.2.4.1. Mutagenesis 

 

The plasmid received from the plasmid preparation of the XL1-Blue cells was put in the 
site directed mutagenesis protocol to change the putative binding site for FNR. After this 
the sample was treated with DpnI restriction enzymes to destroy the template and then 
it was transformed into XL1-Blue cells. The result of transformation is shown in Table 3. 
 
 
 
 
 
 
 
 

Figure 6 0,7%(A) and 1,5% (B) gel of PstI and HindIII digestion of pBBR1MCS-4-
LacZ vector with Cld promotor. 

A1: Lambda DNA/HindIII marker 

A2: PstI single digestion of plasmid 

A3: HindIII single digestion of plasmid 

A4: Uncut plasmid 

B1: GeneRuler Low Range DNA Ladder (Life Technologies) 

B2: Double digestion HindIII/PstI of plasmid 
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Table 3 Amount of cells grown on different plates after site directed mutagenesis. pUC18 is the 

control for the transformation, pWhitescript is the control for the mutagenesis, S50 is sample S 
plated with 50 µl, S100 is sample S plated with 100 µl, S control is the remaining resuspended cells 

(same goes for T50, T100 and T control that comes from sample T). 

Plate Amount of cells 

pUC18 26 

pWhitescript 128 (blue/white ratio = 0,85) 

S50 0 

S100 0 

S control 13 

T50 0 

T100 0 

T control 0 
 
The 13 cells from the S control were harvested, put on different plates and prepared for 
plasmid preparations. The concentrations of these plasmid preparations are shown in 
Table 4. These plasmids were digested with VspI to check if the preferred mutation had 
occurred. After this digestion they were put on an electrophoresis gel. The gel got 
damaged during the colouring process but the most important parts where intact. The 
picture of the gel seen in Figure 7. 
Table 4 Concentrations of plasmid after the plasmid preparation of the 13 site directed 
mutagenesis cells 

  
C in 100 µl 

(ng/µl) 
C in 40 µl 

(ng/µl) 

M1 26.8 47.3 

M2 13.5 21.0 

M3 28.0 91.8 

M4 29.7 120.3 

M5 47.5 229.8 

M6 28.3 37.8 

M7 20.6 29.3 

M8 13.2 14.0 

M9 15.1 41.8 

M10 22.7 133.8 

M11 25.2 181.5 

M12 27.5 149.8 

M13 22.1 91.5 

Figure 7 Gel electrophoresis of FNR mutation 
products 

1: Mutation product M1 

2: Mutation product M3 

3:Mutation product M4 

4: Mutation product M5 

5: Mutation product M6 

6: Mutation product M7 

7: Lambda DNA/HindIII ladder 

8: Uncut plasmid 

9: Mutation product M8 

10: Mutation product M9 

11: Mutation product M10 

Ladder points are 9416 and 6557 
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On this gel (Figure 7)  it can be seen that the M1, M4 and M9 mutation products are the 
preferred mutants, because it can be seen that an extra digestion happened . These were 
send for sequencing and are also the ones that the beta-galactosidase assays were 
performed on. The company Eurofin confirmed that these three mutated plasmids indeed 
contained the preferred mutation. 
 
 

5.2.4.2. Beta-galactosidase assay 
 

Beta-galactosidase assays were taken from E. coli XL1 Blue with pBBR1MCS-4-LacZ and 
Cld promoter, E. coli SH7 (met-), E. coli XL1-Blue with pBBR1MCS-4-LacZ, M1 FNR 
mutagenesis product in E. coli XL1 Blue, M4 FNR mutagenesis product in E. coli XL1 Blue 
and M9 mutagenesis product in E. coli XL1 Blue. The growth curve of the original 
unmutated plasmid can be seen in figure 8. The other growth curves can be seen in 
figure 14 in the appendix.  

 
 
 
The OD value at 600 nm is chosen so that the bacteria are in the logarithmic growth 
phase and have not reached the stationary phase. With these bacteria the beta-
galactosidase assay according to Miller was executed. The OD results, times, volumes 
and Miller units can be seen in Table 5. 
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Figure 8 Example of a growth curve. The original unmutated plasmid from the 

FNR mutagenesis assays. 
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Table 5 Data from the beta-galactosidase assay of the FNR mutants M1, M4 and M9, the SH7(Met-) 

positive control, the negative control and the original unmutated plasmid. This shows the OD600 
values at harvest, the OD420 and OD550 values after reaction, the volume of the culture, the time of 

the reaction and the calculated Miller Units.  

 OD600 OD420 OD550 volume time Miller Units 

Aerobic M1 0.47 0.49 0.155 0.5 30 31 

Anaerobic M1 0.38 0.416 0.07 0.5 30 51 

Aerobic M1 0.43 0.513 0.29 0.5 25 1 

Anaerobic M1 0.55 0.484 0.168 0.5 25 28 

Aerobic M4 0.6 0.604 0.224 0.5 42 17 

Anaerobic M4 0.42 0.543 0.216 0.5 42 19 

Anaerobic M9 0.45 0.553 0.205 0.5 40 22 

Aerobic M9 0.39 0.59 0.212 0.5 40 28 

SH7 Aerobic 0.4 0.64 0.124 0.025 14 3021 

SH7 Aerobic 0.4 1.191 0.144 0.05 14 3354 

SH7 Anaerobic 0.52 0.872 0.146 0.025 14 3387 

SH7 Anaerobic 0.52 0.898 0.196 0.05 14 1525 

Original Aerobic 0.4 0.493 0.222 0.025 28 373 

Original Aerobic 0.4 0.632 0.201 0.05 27 519 

Original Anaerobic 0.39 0.442 0.193 0.025 28 382 

Original Anaerobic 0.39 0.604 0.201 0.05 27 479 

Negative Aerobic 0.58 0.458 0.298 0.5 25 -9 

Negative Anaerobic 0.44 0.338 0.152 0.5 25 13 
 

 

5.2.5. ArcA mutagenesis 
5.2.5.1. Mutagenesis 

 

The plasmid received from the plasmid preparation of the XL1-Blue cells was put in the 
site directed mutagenesis protocol to change the putative binding site for phosphorylated 
ArcA. After this the sample was treated with DpnI restriction enzymes to destroy the 
template and then it was transformed into XL1-Blue cells. The result of transformation is 
shown in Table 6. 
 
Table 6 Amount of colonies grown on the different plates from the ArcA mutagenesis. T stands for 
the T sample and S stands for the S sample of the mutagenesis (both had different concentrations 
of template and primers). The 50 and 100 stand for the plated volume in µl. 

Plate Amount 

pUC18 46 

pWhitescript 61 (blue/white ratio is 0,90) 

T50 51 

T100 65 

S50 25 

S100 63 
 
From each of the T and S plates 5 colonies where randomly selected and grown for 
plasmid preparation. The concentrations can be seen in Table 7. Mutagenesis products 1, 
3, 4, 5, 6 and 7 were send for sequencing by Eurofins. 
 
 
 
 
 



 

25 

 

 
 

Table 7 Concentrations of plasmid preparation from ArcA mutagenesis products 

Sample Concentration in 40 µl Concentration in 100 µl 

1 53.40 11.59 

2 14.90 10.08 

3 44.20 11.00 

4 61.00 12.92 

5 45.20 11.04 

6 42.20 9.48 

7 43.40 12.56 

8 14.40 5.88 

9 32.20 8.16 

10 20.44 5.48 

11 26.32 10.24 

12 35.44 13.96 

13 38.48 8.08 

14 14.40 7.96 

15 18.20 4.64 

16 11.60 5.48 

17 18.40 6.76 

18 2.00 5.00 

19 28.00 10.52 

20 35.00 12.52 
 
 

5.2.5.2. Beta-galactosidase assay 
 

Beta-galactosidase assays were taken from E. coli XL1 Blue with pBBR1MCS-4-LacZ and 
Cld promoter, E. coli SH7 (met-), E. coli XL1-Blue with pBBR1MCS-4-LacZ, M1 ArcA 
mutagenesis product in E. coli XL1 Blue, M3 ArcA mutagenesis product in E. coli XL1 
Blue, M5 ArcA mutagenesis product in E. coli XL1 Blue and M6 ArcA mutagenesis product 
in E. coli XL1 Blue. An example of one of these growth curves is seen in Figure 9. The 
growth curves of all the ArcA bacteria are shown in Figure 15 in the appendix.  

Figure 9 Example of growth curve for the third mutagenesis product of the ArcA mutagenesis. 
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The OD value at 600 nm is chosen so that the bacteria are in the logarithmic growth 
phase and have not reached the stationary phase. 
 
The OD 550, 420 and final 600 values, volumes and time used for the reactions and the 
Miller Units are shown in Table 8. The non-centrifuge and centrifuge unites are an 
experiment to see if centrifuging of the samples, after reaction and before the 
measurement of the OD 420 and 550 values, could lower the 550 values. Since these are 
for cell debris that might interfere with the measurement and by centrifugation this cell 
debris could be put in the bottom of the tubes. 
  
Table 8 OD values, volumes, times of reaction and Miller Units of all measured samples. The non-

centrifuge and centrifuge ones are to see if centrifuging the samples had an effect on the OD550 
values. 

Sample OD600 OD420 OD550 

Volume 
(ml) 

Time 
(minutes) 

Miller 
Units 

2N5 0.32 0.825 0.149 0.5 8.75 403 

2A5 0.38 1.186 0.188 0.5 8.75 515 

2N6 0.31 0.891 0.176 0.5 8.75 430 

2A6 0.43 1.193 0.204 0.5 8.75 444 

2N1 0.48 1.07 0.148 0.2 10 845 

2A1 0.64 0.581 0.184 0.2 10 202 

2N3 0.4 0.845 0.1 0.2 10 838 

2A3 0.48 1.275 0.169 0.2 10 1020 

2N6 (non-centrifuge) 0.62 1.697 0.179 0.5 6.75 661 

2A6 (non-centrifuge) 0.59 1.304 0.302 0.5 6.75 389 

2N5 (non-centrifuge) 0.69 1.683 0.247 0.5 6.75 537 

2A5 (non-centrifuge) 0.63 1 0.294 0.5 6.75 228 

2N6 (centrifuge) 0.62 1.57 0.122 0.5 6.75 648 

2A6 (centrifuge) 0.59 1.676 0.151 0.5 6.75 709 

2N5 (centrifuge) 0.69 1.557 0.16 0.5 6.75 548 

2A5 (centrifuge) 0.63 0.983 0.233 0.5 6.75 271 

SH7A 0.61 1.368 0.112 0.05 10 3843 

SH7N 0.7 0.753 0.201 0.05 8 1433 

OA 0.66 2.693 0.109 0.1 18.7 2027 

ON 0.6 2.378 0.105 0.1 18.7 1956 

-A 0.64 0.375 0.174 0.5 18.7 12 

-N 0.59 0.256 0.2 0.1 8 -199 

2M3A 0.62 0.745 0.137 0.1 8 1019 

2M3N 0.67 3.184 0.152 0.5 18.7 466 

N1 0.4 2.457 0.157 0.5 10 1105.255 

A1 0.5 1.844 0.229 0.5 10 593.788 

N3 0.34 1.565 0.177 0.5 10 757.1235 

A3 0.46 2.311 0.223 0.5 10 852.5609 
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5.3. Discussion 
 

5.3.1. General 
 

The transformation of the XL1-Blue supercompetent cells with pBBR1MCS-4-LacZ with 
Cld promoter can be called successful. The pUC18 control transformation plate had two 
colonies growing on it. According to the protocol 250 colonies stand for an efficiency of 
109 cfu/µg. There is a difference of 102 between theory and practice here so the 
efficiency of the transformation is approximately 107 cfu/µg which is still a pretty good 
value. 
 
The plasmid preparation of these transformed XL1-Blue cells with pBBR1MCS-4-LacZ can 
also be called successful. The DNA concentrations were high enough for further 
experiments and the purity ratios were around 2,0 which means that there were almost 
no impurities. 
  
The digestion of the purified plasmid with PstI and HindIII gives two clean bands around 
8000 bp with the single digestions. This means that at least the pBBR1MCS-4-LacZ 
reporter vector is in the plasmid. From the double digestion with PstI/HindIII no bands 
can be seen so there is no certainty that the 200 bp insert of Cld promoter is in the 
plasmid. Later on, the sequencing results show that it is, but at this point maybe there 
should have been a PCR control to be sure. 
 

 

5.3.2. FNR Mutation 
 

After the transformation of the XL1 Blue supercompetent cells with the possible mutated 
FNR binding sequence plasmid the results of the plates were promising. The pUC18 
control plasmid plate had 25 colonies resulting in a transformation efficiency of 108 
cfu/µg. To check the efficiency of the mutagenesis the pWhitescript control vector is 
used. This vector will be mutated, with the use of primers in the kit, in a way that it will 
become active in producing beta-galactosidase when IPTG is available in the medium. 
This beta-galactosidase will react with X-Gal in the medium to produce a blue colour. The 
pWhitescript control for the mutation had 128 cells from which 109 were blue so a 
blue/white ratio of 0,85. The kit describes that there should be more than 100 cells and a 
blue/white ratio of 0,85. Out of these evidences the conclusion can be made that the 
mutation was still a success, although only 13 colonies grew from the samples. 
 
The plasmid preparations out of these 13 S sample colonies gave good DNA 
concentrations. The A260/A280 ratio has not been measured here, but this is not such a big 
problem since the sequencing of the plasmids 1, 4 and 9 showed that the mutated 
product was in there and no other actions were done with this plasmid. When looking at 
the gel that was run after the VspI restriction the following things should be kept in 
mind. The pBBR1MCS-4-LacZ reporter vector already has three restriction sites for this 
restriction enzyme and the mutation brings in a fourth. Unmutated vectors will give three 
bands of 7126, 855 and 59 bp. Mutated vectors will give four bands from 3934, 3375, 
855 and 95 bp. Looking at the gel (Figure 7) it can be seen that the M1, M4 and M9 
mutation have two bands close to each other around the 3500-4000 bp, which indicate 
the 3934 and 3375 bp bands of a positive mutated vector. M3, M8 and M10 still have the 
7126 bp band, which indicates that these have no extra VspI restriction site. Sequencing 
by Eurofins also confirmed these results. 
 
Before talking about activity or the amount of Miller Units produced at certain OD values 
it must first be said that there are no certainties in how anaerobic the anaerobic samples 
were. Looking at the growth curves of Figure 8, the growth goes at about the same 
speed. However when compared to experiments done by Miriam Hellberg Lindqvist in the 
same laboratory, it showed that when going higher than an OD600 value of 0,6, the 
anaerobic samples grew slower. This might indicate that starting from around an OD600 
value of 0,6 the samples were truly anaerobic and before that there still were traces of 
oxygen left. 
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These M1, M4 and M9 mutations were used in the beta-galactosidase assay29. Looking at 
the aerobic results of the M1, M4 and M9 and seeing that these are close to the negative 
control (Figure 12), conclusions can be made that the promoter is possibly destroyed so 
that anaerobic transcription wouldn’t be possible. Whether or not the anaerobic samples 
are still active can not be concluded out of these measurements since it is not sure if 
they were truly anaerobic. Further research on the subject will be needed. 
 
When comparing the Miller Units produced at certain OD600 values like in Figure 10, there 
is not really a trend showing. This might be due to the fact that there are not enough 
measurements. Although when the two values from above 2000 Miller Units are taken 
away from the original plasmid, it can be seen that more Miller Units might be produced 
in anaerobic samples. 
 

 

5.3.3. ArcA Mutation 
 

After the transformation of the XL1 Blue supercompetent cells with the possible mutated 
ArcA binding sequence plasmid the results of these plates were also promising. The plate 
with pUC18 transformation control plasmid contained 46 colonies which gave a 
transformation efficiency from around 108 cfu/µg DNA. The pWhitescript mutation control 
plasmid plate contained 61 colonies from which 55 were blue. This gave a blue/white 
ratio of 90% and the kit recommended a ratio of 85%. 
 
The plasmid preparations from the 20 colonies taken from the four plates gave 
reasonable DNA concentrations and again the A260/A280 ratio was not taken into account 
and it shows no problems in further results, since this was only used for sequencing 
which gave good results. From the plasmids that were send for sequencing two were 
positive for the mutation number 5 and number 6 so these are the results that should be 
looked upon. The mutants number 1 and 3 were done before the sequencing results 
came back so these can be seen as original, unmutated pBBR1MCS-4-LacZ Cld promoter 
plasmid.  
 
So Looking at Figure 12 it can be seen that the values of M5 and M6 from the ArcA 
mutations are closer to the unmutated original plasmid. However there is no evidence 

Figure 10 Relation of OD600 values and Miller Units from FNR mutants and the Original Plasmid. 
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that the ArcA binds to the unmutated sequence so it might as well be that nothing 
important changed. Again it can not be said with certainty that the anaerobic samples 
were really anaerobic. 
 
When looking at the spreading of the OD600 and Miller Units relation between the ArcA 
mutants and the unmutated ones in Figure 11, there also isn’t really a trend to be seen 
or a certain pattern that returns. This can again be due to the fact of too few 
measurements.  
 
Looking at Figures 12 and 13 there also seems no significant difference between aerobic 
and anaerobic conditions. Although again there is no evidence that the anaerobic 
samples were indeed anaerobic so again further research is needed on this subject. 
 

 
 
 

 

 

 

 

 

 

 

 

Figure 11 Relation of OD600 and Miller Units from the mutation of the ArcA binding sequence. 
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5.3.4. Statistics 
 

When looking at the results statistically (Table 9 and Figure 13) it can be assumed that 
all FNR mutants are equal and all ArcA mutants too. This gives a bigger amount of 
measurements and so also better statistics. The standard deviation (STDV) and standard 
error of the mean (SEM) of the FNR mutants is not so big but since these ones are 
probably not active promoters this makes sense. The standard deviation and SEM of the 
ArcA mutants is a bit higher because the results were a bit more scattered (see Figure 
9). The original plasmid has a high STDV and SEM, this because two of the values are 
around 2000 Miller Units. The positive control was difficult to handle and time the 
reaction so that equal results could be measured, this explains the high STDV and SEM 
here. The negative control has one big STDV and SEM, but the value that caused this 
was -199 so this doesn’t mean that the negative control is wrong. 
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Figure 12 Miller Units of all tested constructs. 

Negative: Negative control pBBR1MCS-4-LacZ 

1M1: FNR mutant 1 

1M4: FNR mutant 4 

1M9: FNR mutant 9 

2M5: ArcA mutant 5 

2M6: ArcA mutant 6 

2M1: ArcA mutant 1 

2M3: ArcA mutant 3 

Original: Unmutated pBBR1MCS-4-LacZ vector with 200 bp Cld promoter 

Positive: E. coli SH7 (Met-) bacteria 
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Table 9 Average Miller Units, standard deviation (STDV) and standard error of the mean (SEM) 

from all FNR mutants, all ArcA mutants, the original plasmid, the positive control and the negative 
control. 

 
 

 

 

5.4. Conclusion 
 

Since the pollution of the earth is going to be a growing problem and every little bit can 
help, Ideonella dechloratans looks like a very interesting bacteria with a lot of potential in 
the future. The Cld promoter still needs a lot more investigation before  conclusions 
really can be made, but for now it can be said that the FNR mutation that has been done 
in this research hit an important sequence, because the activity was close to the 
negative. For the ArcA mutation there is too few data to go to conclusions here, more 
beta-galactosidase assays should be done.  
 
In the whole process of transcription of Cld there are still a lot of factors that need 
questioning such as the kind of sigmafactor of RNA polymerase that binds to the 
promotor, other regulating sequences and even if the activity of the promotor in E. coli is 
the same as in I. dechloratans.  
 
Further investigation should be done on the difference between aerobic and anaerobic 
regulation were it is a certainty that the bacteria are in anaerobic state and maybe also 
more on the changed possible FNR region. 
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 FNR mutants ArcA mutants Original plasmid Positive control Negative control 

 Aerobic Anaerobic Aerobic Anaerobic Aerobic Anaerobic Aerobic Anaerobic Aerobic Anaerobic 

Average 19 30 426 538 663 866 3406 2115 2 -93 

STDV 11.8 12.9 159.7 97.8 697.1 584.1 337.3 900.4 10.3 106.1 

SEM 5.9 6.4 65.2 39.9 311.8 261.2 194.7 519.9 7.2 75.0 
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Figure 13 Miller Units and standard error from all FNR mutants, all ArcA mutans, the original 
plasmid, the positive control and the negative control. 
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8. Appendix 
8.1. LB Medium 

 

For one litre of the LB medium there is need of 10 g tryptone, 5 g yeast extract and 10 g 
NaCl. This is dissolved in 900 ml ddH2O. The pH is adjusted to 7,0 with 3-4 drops of 7M 
NaOH. After this ddH2O is added until one litre. The solution is then autoclaved at 120°C 
for 25 minutes. When making LB ampicillin 100 mg ampicillin (or 10 ml 10 mg 
ampicillin/ml solution) is added after autoclavation. These ingredients are needed for a 
broth solution. For an agar solution 20 g of agar needs to be added before autoclavation. 
The amounts used for making the 7M NaOH and 10 mg/ml ampicillin can be seen in 
Table 10. 

 
 

Table 10 Amounts used for solutions needed in the LB (ampicillin) medium and SOC medium. 

Solution Concentration Volume Weighted amount 

Glucose 20% (m/v) 5 ml 1.0001 g 

Ampicillin 10 mg/ml 10 ml 0.1038 g 

MgCl2 1 M 10 ml 2.0184 g (.6 H2O) 

MgSO4 1 M 10 ml 2.4697 g (.7 H2O) 

NaOH 6.25 M 100 ml 25.203 g 

 

8.2. SOC medium 
 

For the SOC medium an SOB medium should be made first. This is done by dissolving 20 
g Tryptone, 5 g yeast extract, 0,5 g NaCl in 980 litre ddH2O. Prior to use 10 ml 1M MgCl2 
and 10 ml 1M MgSO4 should be added. For 100 ml SOC medium 2 ml 20% glucose 
should be dissolved in 198 ml SOB medium. 
 

 

8.3. Miller Assay 
 

For this protocol Z-buffer, ortho-Nitrophenyl-β-galactoside (ONPG) (4 mg/ml), 1M 
Na2CO3, 1 M IPTG and 1 M NaNO3 was needed. Z-buffer consists of 0,06 M Na2HPO4, 0,04 
NaH2PO4, 0,01 M KCl, 0,001 M MgSO4 and 0,05 M beta-mercaptoethanol. The stock 
solutions made for these ingredients are shown in Table 11. Beta-mercaptoethanol was 
always added right before the assay took place. The Z-buffer itself could be saved for at 
least one week if kept in the fridge. The ONPG and IPTG were stored in the freezer at -
20°C. The stock solutions were kept in the fridge for storage. 
 

Table 11 Stock solutions for beta-galactosidase assay 

Solution Concentration Volume Weighted amount 

MgSO4 1 M 15 ml 2.47 g (.7 H2O) 

Na2HPO4 0.2 M 46 ml 2.68 g (.7 H2O) 

NaH2PO4 3.317 M 10 ml 3.98 g 

KCl 1 M 10 ml 0.75 g 

Na2CO3 1 M 10 ml 1.087 g 

ONPG 4 mg/ml 5 ml 0.023 g 

NaNO3 1 M 45 ml 3.830 g 

IPTG 1 M 10 ml 2.373 g 
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Figure 14 Growth lines of FNR mutations, positive control (SH7(Met-)), negative control and unmutated plasmid 
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Figure 15 Growth lines of ArcA mutations, positive control (SH7(Met-)), negative control and unmutated plasmid 


