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Summary 

Chlorate is an emerging contaminant in the environment and can be very toxic to 

plants and aqueous animals. The main source of chlorate is the bleaching process 

of paper pulp in the paper industry. Several micro-organisms have been found 

that can reduce this chlorate into less toxic compounds. Ideonella dechloratans is 

one of those organisms that use chlorate for growth in anaerobic conditions. The 

enzyme catalysing the reduction of chlorate is called chlorate reductase and con-

sists of three subunits: ClrA, ClrB and ClrC. In this project, the clrA gene was 

cloned in a XL1-blue chemically competent E. coli strain with the help of the 

pBR322 vector. In order to obtain this, the gene was amplified using a robust DNA 

polymerase and both the vector and PCR product were cleaved with the BamHI 

and EcoRI restriction enzymes. After a 1:3 vector over insert ligation, the compe-

tent cells were transformed and a midiprep was performed on two colonies to 

obtain their plasmid DNA. The chosen colonies did contain the pBR322, but lacked 

an insert.  

Chloraat in het milieu is een opkomend probleem en kan zeer toxisch zijn voor 

planten en waterdieren. The voornaamste bron aan chloraat is het bleekproces 

van papierpulp in de papierindustrie. Verschillende micro-organismen zijn ge-

kend voor het reduceren van chloraat in minder toxische stoffen. Ideonella de-

chloratans is zo’n organisme dat chloraat in anaerobe omstandigheden kan 

gebruiken voor zijn groei. Het enzyme dat de reductie van chloraat katalyseert 

wordt chloraat reductase genoemd en bestaat uit drie eenheden: ClrA, ClrB en 

ClrC. In dit project werd het clrA gen gekloond in een XL1-blue chemisch compe-

tente E. coli stam met behulp van de pBR322 kloneringsvector. Om dit te bereiken, 

werd het gen geamplificeerd door gebruik te maken van een robuuste DNA-poly-

merase en werden zowel de vector als het PCR-product geknipt met de BamHI en 

EcoRI restrictie-enzymen. Na een 1:3 vector over insertie ligatie werden de com-

petente cellen getransformeerd en werd er een midiprep uitgevoerd op twee ko-

lonies voor het verkrijgen van hun plasmide DNA. De gekozen kolonies bleken de 

pBR322 te bevatten, maar een insertie ontbrak.   
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List of abbreviations 

Cld  Chlorite dismutase 

ClO2
-  Chlorite 

ClO3
-  Chlorate 

ClO4
-  Perchlorate 

Clr  Chlorate reductase 

DMSO  Dimethyl sulfoxide 

dNTP  Deoxynucleotide triphosphate 

FNR  Fumarate and nitrate reductase 

GC-content Guanine-cytosine content   

GST  Glutathione S-transferase 

Mg  Magnesium 

MgSO4  Magnesium sulphate  

Pcr  Perchlorate reductase 

PCR  Polymerase chain reaction 

Ta  Annealing temperature 
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1. Introduction 

1.1. The problem 

Throughout the past century it has been found that perchlorate (ClO4
-) and chlo-

rate (ClO3
-) are harmful compounds to the environment. Not only can chlorate 

have a negative effect on the growth of plants and aqueous organisms, perchlorate 

is known to be highly toxic to humans as well.1 It prevents iodide from entering 

the thyroid which results in a blockade of the thyroid hormone synthesis.2 

Perchlorate in the environment can be originated from both natural and man-

made sources.1,3 The concentrations found in natural occurring sources are rela-

tively low in comparison to these found linked to the industry. However, one ex-

ception to this is the Atacama Desert in Chile that is known as the largest natural 

perchlorate source in de world.3,4 There is also evidence of the existence of natural 

chlorate in the environment, often co-occurring with perchlorate.5 It has recently 

been detected in surface and bottled water in the US and in snow coming from 

the Arctic.6 In the industry, chlorate and perchlorate have a wide range of appli-

cations. During the bleaching process of kraft pulp production for example, sig-

nificant amounts of chlorate are formed and it is known to be the main source of 

chlorate contamination in water.7  

1.2. Bioremediation and biochemical treatment of (per)chlorate 

The most preferable technique to remove the toxic (per)chlorate from water is 

bioremediation and biochemical treatment.8 In this sort of remediation, micro-

organisms are used to eliminate these oxochlorates by reducing them to less 

harmful compounds. There is a number of bacteria that can use this metabolic 

process for growth in anaerobic conditions, which means they use (per)chlorate 

instead of oxygen as the terminal electron acceptor in their electron transfer 

chain.9 Perchlorate reducing bacteria can use both perchlorate and chlorate as ter-

minal electron acceptors. The enzyme catalysing the reduction of perchlorate to 

chlorite via chlorate is called perchlorate reductase (Pcr). Equation 1 and 2 show 

the chemical equations of these reactions. Chlorate reductase (Clr) is found in 

chlorate reducing bacteria that can only use chlorate as terminal electron acceptor. 

The conversion of the toxic chlorite, formed in the reduction of (per)chlorate by 

(per)chlorate reducers, in molecular oxygen and chloride is catalysed by chlorite 

dismutase (Cld). This reaction can be found in equation 3.10 

𝐶𝑙𝑂4
− + 2𝑒− + 2𝐻+ → 𝐶𝑙𝑂3

− + 𝐻2𝑂 (1) 

𝐶𝑙𝑂3
− + 2𝑒− + 2𝐻+ → 𝐶𝑙𝑂2

− + 𝐻2𝑂 (2) 

𝐶𝑙𝑂2
− → 𝐶𝑙− + 𝑂2 (3) 
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1.3. Ubiquity of (per)chlorate reducers 

From an evolutionary stand of view, the discovery of bacteria who use the reduc-

tion of (per)chlorate for growth is quite remarkable since (per)chlorate has only 

been introduced into the environment by humans in the last 100 years. A study 

done by Coates et al. showed the ubiquity and phylogenetic diversity of organisms 

capable of this this sort of metabolism. It is assumed that most of the (per)chlorate 

reducing bacteria belong to the Proteobacteria, yet it is found that within this class 

these bacteria are phylogenetically very diverse.11 This could be explained by the 

fact that chlorate has been found in many rain and snow samples, which suggests 

that chlorate is formed in the atmosphere by exposing aqueous chloride to high 

concentrations of ozone.12 

1.4. Ideonella dechloratans 

Ideonella dechloratans is a chemoorganotrophic, Gram negative bacterium capa-

ble of reducing both chlorate and nitrate anaerobically. The bacterium was first 

described in 1993 after isolating it from activated sludge from a waste water treat-

ment.13 It is the chlorate reductase from this organism that will be further dis-

cussed in this paper. 

1.4.1. The gene sequence of chlorate reductase 

In I. dechloratans, the enzyme is a complex of three different subunits (ClrA, ClrB 

and ClrC) in the following arrangement: clrABDC. The clrD gene encodes a chap-

erone protein and is thus not part of the mature chlorate reductase. A diagram-

matic representation of the gene arrangement is shown in Figure 1. clrA and clrC 

both contain a sequence coding for a signal peptide. This part of the protein makes 

transport to the periplasm after expression possible. Since clrB does not contain 

such sequence, it is assumed that ClrA and ClrB are fold in the cytosol and that 

ClrB is translocated together with ClrA to the periplasm.14 It is found that cyto-

chrome c is cotranscribed with chlorate reductase in I. dechloratans, which may 

mean that it acts as an electron carrier during chlorate reduction.15  

 

Figure 1: Diagrammatic representation of the gene arrangement of the three sub-

units of chlorate reductase, ClrABC and the chaperone ClrD in I. dechloratans. The 

signal peptides of ClrA and ClrC are shown in boldface. 
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1.4.2. The inhibitory effect of oxygen on chlorate removal 

It is known that oxygen can have an inhibitory effect on microbial (per)chlorate 

degradation. To optimize chlorate removal, it is necessary to understand the reg-

ulating mechanism behind this. A research has been done by Lindqvist et al. about 

the expression of chlorate reductase in the presence of oxygen and/or chlorate as 

the terminal electron acceptor in I. dechloratans. They found enzyme activity of 

chlorate reductase under aerobic conditions, however the amount was 200 times 

less compared to the amount of enzyme activity found when switched to an an-

aerobic environment. It is important to note that the mRNA level of ClrA only 

increased nine times after switching from aerobic to anaerobic conditions. This 

indicates that there must be posttranscriptional events influencing the enzyme 

activity of chlorate reductase.10  

1.5. The polymerase chain reaction 

The polymerase chain reaction (PCR) is an important step in most laboratory re-

search of microbiological and biochemical nature. To optimize a certain PCR re-

action, one might have to experiment with different parameters. These can be 

divided into two categories: the thermocycling program and the reaction mixture: 

1.5.1. The thermocycling program 

Initial denaturation. For the primers to be able to bind to the template, the dou-

ble stranded DNA needs to be separated into single strands. The time and temper-

ature of the denaturation step depends on the nature of the template DNA. When 

it contains, for example, a high GC content, the temperature needs to be higher to 

break all the hydrogen bonds between the strands. Usually the initial denaturation 

is performed between 94 and 98 °C.16,17  

Primer annealing. During primer annealing, primers get the chance to bind to 

the target region of the template DNA. A general rule is to take an annealing tem-

perature 3 to 5 °C below the lowest melting temperature of the primer pair. When 

the annealing temperature is taken too low, nonspecific PCR products might ap-

pear. In this case, there is not enough energy to break the bonds between the 

primers and the nontarget region. By increasing the annealing temperatures, the 

interaction between the primers and the target region should be the only one to 

maintain.16,17 

Extension time. The extension time depends mainly on the length of the target 

DNA and the synthesis rate of the DNA polymerase. When one encounters multi-

ple PCR products, decreasing the extension time might lower the chance that the 

primers bind non-specifically to the template.16,17  

Number of cycles. In a PCR reaction, the denaturation, annealing and extension 

step is usually 25-35 times repeated. Using more cycles could increase the oppor-

tunity of the primers binding to nonspecific regions in the template DNA.16,17   
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1.5.2. The reaction mixture 

Mg2+ concentration. Mg2+ acts as a cofactor for DNA polymerases and catalyses 

the phosphodiester bond formation between the 3’-OH of a primer and the phos-

phate group of a dNTP. When the concentration of Mg2+ is taken too low, the 

polymerase might have reduced activity resulting in no or little PCR product. High 

Mg2+ concentrations might cause nonspecific PCR products to be formed, due to 

enhanced stability of primer-template complexes.18  

DNA polymerase. When a DNA polymerase has a 3’->5’ exonuclease activity to 

remove incorrectly incorporated bases, for example the high-fidelity enzyme used 

in this project, the proofreading activity can degrade primers during set-up and 

at the start of the PCR. This can result in nonspecific priming and smearing.19 

Primers. DNA polymerases need a DNA oligonucleotide, called a primer, to initi-

ate the DNA synthesis. If the primer concentration is taken too high, it increases 

the chance of nonspecific primer binding to the template or to each other. Ineffi-

cient priming might occur when the concentration of the primers is too low.16 

Template DNA. The optimal template amount in the PCR reaction depends on 

the source of the DNA. Plasmid DNA usually requires less starting template than 

genomic DNA for example. The risk of nonspecific amplification is increased when 

higher amounts are used, whereas lower amounts reduce the yield.18   

An extra factor to consider when preventing nonspecific PCR products and smear-

ing is making sure that all components of the reaction mixture are free of contam-

inants. The presence of (exo)nucleases in the PCR mixture could lead to 

degradation of DNA. This might appear as a low molecular smear when running 

an agarose gel electrophoresis.  

The buffer and dNTPs are also important factors which one may have to vary with, 

but these will not be further discussed in this paper.  
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1.6. The goal  

To implement bioremediation in chlorate contaminated waste water treatment, 

the efficiency of chlorate removal in the presence of oxygen needs to be improved. 

As said before, oxygen can have an inhibitory effect on chlorate removal with 

many chlorate reducers. The aim of this project is to gain more knowledge in the 

functioning of chlorate reductase in I. dechloratans so the removal of chlorate can 

be optimized.  

The goal of this project is to clone the clrA gene of I. dechloratans in a chemically 

competent XL-blue E. coli strain, using the pBR322 cloning vector. This is the first 

step into getting a better understanding of the expression, folding and transfer of 

the clrA gene in different growth conditions. The clrA is amplified from genomic 

DNA of I. dechloratans in a PCR reaction with a robust polymerase. After cleaving 

both insert and vector with BamHI and EcoRI restriction enzymes, the insert is 

ligated into the vector with a T4 ligase. The recombinant DNA is then brought into 

chemical competent cells and grown onto LB/ampicillin plates to finalize the clon-

ing. 

2. Materials and methods 

2.1. PCR primer design 

To amplify the gene of interest, clrA, primers needed to be designed to perform a 

PCR. The forward primer was developed with 3 extra bases on the 5’ end, a re-

striction site for BamHI, followed by 17 bases complementary to the 5’ end of the 

clrA gene without signal peptide. The reverse primer was designed with 5 extra 

bases on the 5’ end, a restriction site for EcoRI, followed by 14 bases complemen-

tary to the 3’ end of the clrA gene. Table 1 shows the sequence of both primers 

with the expected product length.  

Table 1: Primer design for PCR on clrA gene 

Gene Primer (5’->3’) 
Expected prod-
uct length (bp) 

clrA Forward CAT GGATCC TTTTCAAAGATCCAGCC 2666 
 Reverse CTTAG GAATTC GGCCTTCTCGACGT  
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2.2. Isolation of genomic DNA from Ideonella dechloratans 

Before isolating genomic DNA from I. dechloratans, a fresh culture had to be cul-

tivated. One oculation loop with frozen culture was therefore brought in 3 ml PC 

medium (5 g tryptone and 2.5 g yeast extract per liter deionized water at pH 7.0) 

and incubated at 37 °C for 5.5 hours. The 3-ml culture was then poured into a 

greater volume of 50 ml medium and left in the incubator at 37 °C overnight to 

grow. For isolating the genomic DNA from the bacteria in culture, the E.Z.N.A.® 

Bacterial DNA kit (OMEGA bio-tek) was used and the instructions from the man-

ufacturer were followed. The experiment was performed with 1 ml of culture and 

the DNA was collected in a total volume of 150 µl elution buffer.  

2.3. Amplification and cleavage of the clrA gene 

A PCR was performed on the clrA gene to retrieve a large quantity of insert DNA 

for the ligation in vector pBR322. At first the primers were tested with a robust 

polymerase. The 25 µl reaction mixture contained 35 ng genomic DNA, 0.5 µM 

forward primer, 0.5 µM reverse primer, 2X Kappa 2G Robust Readymix and PCR 

grade water to the final volume. The mixture was prepared according to the man-

ual of the Kappa 2G Robust Hotstart Readymix PCR kit (KAPABIOSYSTEMS) that 

was used. The thermocycler program used, is shown in Table 2. A negative and a 

positive control was performed as well.  In the negative control, the same mixture 

was used but instead of template DNA, PCR grade water was added to the mixture. 

In the positive control, the primers were exchanged for primers for the FNR gene 

from I. dechloratans, a gene that has shown good results in PCR reactions before.  

Table 2: thermocycler program of the PCR on the clrA gene with the robust DNA 

polymerase 

Step Temperature  Duration Cycles 

Initial denaturation 95 °C 3 min 1 

Denaturation 95 °C 15 s 
35 Annealing 60 °C 15 s 

Extension 72 °C 2 min 
Final extension 72 °C 3 min 1 
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Since the primers seemed to work well, the robust DNA polymerase was ex-

changed for a high-fidelity DNA polymerase. In the first reaction with this enzyme, 

10 ng of genomic DNA was mixed with 0.5 µM forward primer, 0.5 µM reverse 

primer, 5 U HotStar HiFidelity DNA Polymerase, 1 X HiFidelity PCR buffer and 

H2O till the final volume of 50 µl. The reaction mixture was prepared according 

to the protocol of the HotStar HiFidelity PCR (QIAGEN), the thermocycler pro-

gram is shown in Table 3.  

Table 3: thermocycler program of the PCR on the clrA gene with the high-fidelity 
DNA polymerase  

Step Temperature  Duration Cycles 

Initial denaturation 95 °C 5 min 1 
Denaturation 94 °C 15 s 

35 Annealing 60 °C 1 min 
Extension 68 °C 5 min 
Final extension 72 °C 10 min 1 

To optimize the PCR reaction with the high-fidelity DNA polymerase, some of the 

reaction conditions were varied with. First, the annealing temperature (Ta) was 

changed, while maintaining the other factors. From a Ta of 60.0 °C, 61.5 °C, 61.8 

°C, 62.0 °C, 62.2 °C, 62.4 °C and 63.0 °C, the Ta of 62.2 °C seemed to be the most 

successful. Secondly, carrying on with a Ta of 62.2 °C, the Mg2+ concentration was 

increased from 1.5 mM, that was present in the buffer, to a final concentration of 

2 mM by adding extra MgSO4 to the reaction mixture. Experiments with different 

template DNA and fresh solutions to exclude any contamination, were performed 

according to the first reaction with the high-fidelity DNA polymerase, but with a 

Ta of 62.2 °C instead of 60.0 °C.  

Because of failed attempts to further optimize the PCR reaction with the high-

fidelity DNA polymerase, it was opted to continue with the robust DNA polymer-

ase. The reaction mixture was prepared the same way, twice, as when the primers 

were tested and the thermocycling program in Table 2 was used as well.  
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Before the digestion of the PCR product, the reaction mixture was cleaned from 

primers and other contaminants with the Nucleospin® Gel and PCR clean up kit 

(Macherey-Nagel). The two reaction mixtures were added together and the wash-

ing step with the NT3 buffer described in the protocol was performed twice. The 

DNA was eluted with 30 µl of elution buffer warmed up to 70 °C and incubated 

on the column for 5 min at 70°C. To make the insert ready for ligation, it was 

cleaved with the restriction enzymes BamHI and EcoRI. The restriction sites for 

these enzymes were incorporated in the primers designed for the PCR reaction. 

In 60 µl, 3.5 µg PCR product was mixed with 5 U EcoRI, 10 U BamHI, 2X Buffer 

Tango and H2O to the final volume. The mixture was then incubated at 37 °C for 

1 hour. A final clean-up was performed with the same kit used before the cleavage, 

the Nucleospin® Gel and PCR clean up kit from Macherey-Nagel. Again, the wash-

ing step was done twice and the DNA was eluted twice with 30 µl buffer warmed 

up to 70°C.  

2.4. Cleavage, gel purification and gel clean-up of vector pBR322 

To ligate the PCR product from the previous step in cloning vector pBR322, the 

vector needed to be cleaved as well with the same restriction enzymes used for 

the insert: BamHI and EcoRI. A mixture of 0.5 µg pBR322, 2 U BamHI, 1 U EcoRI, 

2X Buffer Tango and H2O up to the total volume of 30 µl was prepared and incu-

bated at 37 °C for 1 hour.  After running the vector on a 0.8 % agarose gel with 

1X loading dye for 1,5 h and a voltage of 60 V, the vector was extracted out of the 

gel with the Nucleospin® Gel and PCR clean up kit (Macherey-Nagel) following 

the manual given with the kit. The elution step was performed in the same way 

as described for the PCR product, with buffer warmed up to 70 °C.  

2.5. Ligation of the clrA gene in vector pBR322 

The ligation was performed in a 1:2, 1:3 and 1:5 vector over insert molar ratio. In 

a total volume of 20 µl, 64.4 ng vector and resp. 65.1 ng insert, 96.6 ng insert and 

161 ng insert was added to 1 U T4 ligase, 1X T4 ligase buffer and H2O up to the 

final volume. The reaction mixture was then incubated for 10 min at room tem-

perature. 
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2.6. Transformation of chemical competent cells and plasmid preparation 

To make the XL1-Blue cells chemically competent, the protocol of Agilent Tech-

nologies was followed. All volumes were halved and for each ligation mixture, 5 

µl was put in the transformation mixture. 10 µl and 100 µl of the three cultures 

was spread out on LB/ampicillin plates (LB-medium: 10 g tryptone, 5 g yeast ex-

tract, 10 g NaCl and 15 g agar per 1 liter deionized water; to sterilized LB-medium 

50 µg/ml ampicillin was added and approx. 25 ml medium was poured per plate). 

The remainder was put in the centrifuge and most of the supernatant was dis-

carded afterwards. The pellet was resuspended in the supernatant that was left 

behind in the Eppendorf tube and spread out on a third plate. All nine plates were 

incubated at 37 °C for 20 hours. Of each ligation, 2 colonies were restreaked on 

fresh LB/ampicillin plates and incubated at 37 °C overnight.  

3 ml LB/ampicillin medium (prepared the same way as LB/ampicillin plates, not 

including agar) was then inoculated with one colony from each plate and grown 

overnight at 37 °C, followed by a miniprep. This step was performed to prepare 

small amounts of plasmid DNA from each culture, so a digestion with the two 

restriction enzymes and a PCR on this DNA could give a first impression of 

whether the cloning of the clrA gene was successful or not. For the miniprep, the 

E.Z.N.A DNA mini kit 1 was chosen and each overnight culture was separated in 

two Eppendorf tubes. The wash step in the protocol given with this kit was per-

formed twice and the elution was done with 40 µl buffer. The PCR reaction mix-

tures were composed the same way as the mixture prepared for the PCR on the 

genomic DNA from I. dechloratans, with around 50 to 90 ng of plasmid DNA per 

mixture. In the cleavage reaction, 500 ng of plasmid DNA was mixed with 1 U 

EcoRI, 2 U BamHI, 2x Tango Buffer and H2O in a total volume of 30 µl.  

The two samples from the 1:3 ligation seemed to give the best results after putting 

both the cleavage and the PCR mixtures on gel. A starter culture of 3 ml was there-

fore prepared of both restreaks of the 1:3 ligation by inoculating 3 ml of LB/am-

picillin medium with 1 colony and incubating it 15.5 hours at 37 °C. 100 µl of this 

starter culture was then added to 100 ml of LB/ampicillin medium and left over-

night at 37 °C. When the OD600 value of both cultures gave a value of around 5, 

the protocol of the Plasmid DNA purification Nucleobond® Xtra midi (Macherey-

Nagel) was further followed, to obtain a large amount of plasmid DNA for further 

research. To start of, 80 ml was taken from the overnight culture and equally 

divided in two 50-ml centrifuge tubes. All steps were followed as written down in 

the protocol, except for the elute that was collected in 5 separate Eppendorf tubes. 

30 µl of TE buffer was added to the tubes that contained a visible precipitation 

after the final drying step, the rest of the precipitates were kept in ethanol after 

the wash step. For each sample, there was at least one elute that contained a large 

amount of DNA. Both plasmid preparations were therefore suitable for sequenc-

ing.   
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Four samples of 75 ng/µg for each plasmid preparation were send for sequencing 

since four primers were chosen to cover the whole clrA gene: one forward primer 

in the pBR322 vector close to the EcoRI restriction site, one forward primer in the 

clrA gene, one reverse primer in the clrA gene and one reverse primer in the 

pBR322 vector close to the BamHI restriction site.  

3. Results and discussion 

3.1. PCR primer design 

The primers used in the PCR on the clrA gene of I. dechloratans were designed in 

such a way that there was a BamHI restriction site on the 5’ end of the PCR product 

and an EcoRI restriction site on the 3’ end of the PCR product. The same restriction 

sites are present in the pBR322 vector. It was chosen not to amplify the sequence 

coding for the signal peptide, since it doesn’t have any use in the expression of the 

protein in further research. The clrA gene is 2,646 base pairs in length without 

the gene coding for the signal peptide. The length of the PCR product however, 

should be 20 base pairs longer, since the restriction sites and the extra base pairs 

at both ends are amplified as well. Later in the experiment it was discovered that 

there was an internal restriction site for BamHI 23 base pairs away from the 5’ 

end of the gene, so the actual length of the PCR product, and thus insert, after 

cleavage with both restriction enzymes is estimated to be only 2,623 base pairs in 

length. 

3.2. The pBR322 vector 

While extracting the cleaved pBR322 vector out of the agarose gel, it was neces-

sary to avoid slicing out too much gel and that way having some uncleaved vector 

mixed with the cleaved pBR322. Competent cells are more easily transformed 

with supercoiled, uncleaved vector than with a larger vector with insert. To do so, 

the uncleaved pBR322 was put on the same gel as the cleaved vector so both could 

be compared with each other. To make sure that both restriction enzymes worked, 

the vector was cleaved with each individually and put on gel as well. Figure 2 

shows that both enzymes cut the vector successfully since the digests didn’t move 

as far in the gel as the uncleaved pBR322 did. Supercoiled plasmids move faster 

through an agarose gel than linearized plasmids because of their compact form. 

When comparing the sliced-out band in lane 7 and 8 with the band in lane 5, it 

can be concluded that no uncleaved pBR322 was extracted out of the gel since the 

cut was very narrow and didn’t reach to that position.  
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Figure 2: agarose gel electrophoresis of pBR322 

vector. Lane 1, Lambda DNA/HindIII marker; lane 

3, pBR322 cleaved with EcoRI (4,361 bp); lane 4, 

pBR322 cleaved with BamHI (4,361 bp); lane 5, 

uncleaved pBR322; lane 7-8, pBR322 cleaved with 

EcoRI and BamHI (3,984 bp) band extracted from 

gel). 

3.3. The polymerase chain reaction 

When performing the PCR on the clrA gene, there were two types of DNA poly-

merases to choose from: a high-fidelity DNA polymerase and a robust DNA poly-

merase. The HotStar HiFidelity Polymerase from QIAGEN, which was 

experimented with in this project, is a proofreading enzyme. This means it utilizes 

a 3’->5’ exonuclease activity to remove incorrectly incorporated bases. However, 

during setup and at the start of PCR this activity can degrade primers, which can 

result in nonspecific priming, smearing or failing to amplify any product at all.19 

The KAPA2G Robust Polymerase is, as the name suggests, robust. It can efficiently 

amplify crude samples, but it does not have a proofreading activity. With later 

research in mind, it might be important to have little to no faults in the PCR prod-

uct, since that could interfere with the expression of the protein. Therefore, it was 

opted to test the primers with the robust DNA polymerase first and thereafter 

experiment with the high-fidelity DNA polymerase.  

Figure 3 shows the PCR performed on the clrA gene with the robust DNA poly-

merase. The primers seem to work well since the PCR product of the clrA gene is 

visible in lane 7 as one band, around the right size of 2,666 base pairs.  
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Figure 3: PCR on clrA gene (2,666 bp) of I. 
dechloratans. Lane 1, Lambda DNA/HindIII 
marker; lane 3, negative control; lane 5, positive 
control (PCR on FNR gene, 1,050 bp); lane 7, PCR 
product  

A very important factor in every PCR is the annealing temperature (Ta). Changing 

the annealing temperature could prevent unspecific primer annealing and smear-

ing. For the first PCR reaction performed with the high-fidelity DNA polymerase, 

a temperature of 60.0 °C was chosen. The PCR product of this reaction is shown 

in Figure 4a in lane 5. This gel gives evidence of unspecific primer annealing since 

there are multiple bands visible. To prevent this, the Ta had to be increased so the 

interaction between the primers and the clrA gene would be the only one to main-

tain. In a second PCR, the temperature was increased to 61.5 °C, the PCR product 

of this reaction is shown in Figure 4b. The evidence of unspecific primer annealing 

is now much clearer, after the use of a different UV-lightbox. In a third PCR set-

up, an annealing temperature of both 62.2 °C and 63.0 °C was used. Lane 5-8 in 

Figure 4d show the PCR product obtained after the reaction with a Ta of 62.2 °C, 

lane 7 and 8 in Figure 4c and lane 2 and 3 in Figure 4d show the PCR product with 

a Ta of 63.0 °C. From these two reactions, it can be concluded that an annealing 

temperature of 63.0 °C is too high and doesn’t give any PCR product at all. The 

reaction with a Ta of 62.2 °C looks more promising since there is only one clear 

band visible, but the smear beneath the band shows that the reaction conditions 

were not optimal yet. Although that could have been caused by the proofreading 

activity of the enzyme, it was decided to change some more reaction conditions to 

see whether it was possible to get rid of the smear and to get the band at around 

2,666 base pairs brighter.  
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Figure 4: PCR on clrA gene (2,666 bp) of I. dechloratans, performed with different 
annealing temperatures. a; lane 1, negative control on PCR with Ta of 60.0 °C; lane 
3, Lambda DNA/HindIII marker; lane 5, PCR product after Ta of 60.0 °C. b; lane 
1, Lambda DNA/HindIII marker; lane 4-6, PCR product after Ta of 61.5 °C. c; lane 
1, Lambda DNA/HindIII marker; lane 3-4, cleaved pBR322 (3,984 bp); lane 6, neg-

ative control on PCR with Ta of 63.0 °C; lane 7-8, PCR product after Ta of 63.0 °C. 
d; lane 1, Lambda DNA/HindIII marker; lane 2-3, PCR product after Ta of 63.0 °C; 
lane 4, negative control on PCR with Ta of 62.2 °C; lane 5-8, PCR product after Ta 
of 62.2 °C.  
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3.3.1. The annealing temperature 

The first parameter that was changed was again the annealing temperature of the 

reaction. 4 Ta’s were chosen, 61.8 °C, 62.0 °C, 62.2 °C and 62.4 °C, all laying 

around the 62.2 °C that seemed to give a good result before. Neither of the reac-

tions gave any product at all, so it was assumed that something went wrong in 

preparing the reaction mixtures, leading to no conclusion on this part. In further 

reactions with the high-fidelity DNA polymerase, an annealing temperature of 

62.2 °C was used and all reaction mixtures were prepared in the same way unless 

stated otherwise.  

3.3.2. The Mg2+ concentration 

A second parameter that was changed was the Mg2+ concentration. Mg2+ acts as a 

cofactor for DNA polymerase and a small concentration should always be present 

in every PCR reaction. The PCR buffer from the HotStar HiFidelity PCR kit (QI-

AGEN) used in this project, contained 7.5 mM MgSO4. In this experiment, a con-

centration of 2.0 mM Mg2+ was used, instead of the standard 1.5 mM present in 

the buffer. This PCR reaction didn’t seem to give any product at all. The mistake 

was made by changing two parameters in one experiment, since there was also 

less template DNA used. For this reason, no exact conclusions could be made from 

this experiment either. 
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3.3.3. Contamination of the reaction mixture 

A third parameter that was checked, was possible contamination of the reaction 

mixture with (exo)nucleases and/or foreign DNA. Fresh primer solutions, fresh 

buffer, fresh template DNA and freshly autoclaved H2O was used in the reaction. 

Figure 5 shows the PCR product in lane 2 and a negative control in lane 3. The 

negative control contained the same components, except for the template DNA 

that was replaced with H2O. Since there is only a smear visible in lane 2, and not 

in lane 3, it is assumed that the smear is not a result of contamination with 

(exo)nucleases and/or foreign DNA. Although the reaction conditions were the 

same as the one in Figure 4d, with a Ta of 62.2 °C, no band for the clrA gene was 

obtained after this reaction. The reason for this could not be explained.  

 

Figure 5: PCR on clrA gene (2,666 bp) of I. 
dechloratans. Lane 2, PCR product; lane 3, nega-

tive control; lane 7, Lambda DNA/HindIII marker. 

  



22 
 

3.3.4. The template DNA 

Since only the first PCR with an annealing temperature of 62.2 °C gave a band of 

around 2,666 base pairs, it was thought that something might have gone wrong 

with the template DNA. Therefore, the same reaction conditions were performed 

on the genomic DNA from I. dechloratans obtained in this project and on DNA 

prepared earlier that gave good results in the past. The FNR gene with a length of 

1,050 base pairs was amplified using a primer pair that was designed in a previous 

project. The result of this experiment is seen in Figure 6, with a negative control 

in lane 2, the PCR product of the original DNA in lane 3 and the PCR product of 

the older DNA in lane 4. Since both PCR products seem to have the same size, it is 

concluded that the genomic DNA isolated from I. dechloratans is in good condi-

tion.  

 

Figure 6: PCR on FNR gene (1,050 bp) of I. 

dechloratans. Lane 1, Lambda DNA/HindIII 
marker; lane 2, negative control; lane 3, PCR prod-
uct of original genomic DNA; lane 4, PCR product 
of older genomic DNA.  
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3.3.5. The robust DNA polymerase  

To make some progress in the project, it was decided to continue with the robust 

DNA polymerase instead of the high-fidelity DNA polymerase. The robust DNA 

polymerase seemed to be a bit easier to work with since it is less sensitive to 

changes in reaction conditions. In lane 2 and 3 of Figure 7, one band of the ex-

pected size is shown. The robust DNA polymerase didn’t give a smear like the 

high-fidelity DNA polymerase did. The accuracy of the robust DNA polymerase 

was checked when a sample of the plasmid DNA obtained after transformation of 

the chemically competent cells was send for sequencing. No conclusion could be 

made from those results, which will be later discussed. 

 

Figure 7: PCR on clrA gene (2,666 bp) of I. 
dechloratans. Lane 1, Lambda DNA/HindIII 

marker; lane 2-3, PCR product.   
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3.4. The ligation and transformation  

The ligation of the pBR322 vector and the clrA insert was performed in a 1:2, 1:3 

and 1:5 vector over insert molar ratio. It is recommended to take more insert than 

vector, since the reaction needs to be driven towards a vector-insert ligation rather 

than a vector-vector ligation. A transformation with chemically competent E. coli 

cells was performed with all three ligation mixtures to see which one worked most 

successfully. Since all three had similar results after transformation, it was de-

cided to make a miniprep of two colonies of each transformation. To give a first 

impression whether the pBR322 vector with or without insert was present in ei-

ther one of the transformed colonies, a cleavage with both restriction enzymes 

and a PCR with the same primer pair used for the clrA gene was performed on 

each plasmid preparation. The results of each cleavage reaction are shown in Fig-

ure 8a, the results of each PCR reaction are shown in Figure 8b. After putting the 

PCR reaction on gel, it was clear that something had gone wrong in one way or 

another. The fact that the cleavage of each sample seemed to give a band for the 

pBR322 vector and for an insert of a size between 4,361 and 2,322 base pairs, 

together with the unexpected PCR results, led to the discovery of an internal cleav-

age site for BamHI present in the clrA gene. It was assumed that the bright band 

visible after each cleavage reaction was caused by the pBR322 vector, and the faint 

band underneath to be caused by the clrA gene.  

 

Figure 8: a, cleavage of miniprep plasmid DNA with BamHI and EcoRI (pBR322, 
3,984 bp + clrA gene, 2,666 bp). Lane 1, Lambda DNA/HindIII marker; lane 2-3, 
1:2 ligation-transformation; lane 4-5, 1:3 ligation-transformation; lane 6-7, 1:5 li-
gation-transformation. b, PCR of the clrA gene (2,666 bp) on miniprep plasmid 
DNA. Lane 1, Lambda DNA/HindIII marker; lane 2-3, 1:2 ligation-transformation; 

lane 4-5, 1:3 ligation transformation; lane 6-7, 1:5 ligation-transformation. 
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3.5. The midiprep 

Since the bands assumed to be caused by the clrA gene were the brightest for both 

samples of the 1:3 vector over insert ligation, it was decided to perform a midiprep 

on two colonies from that transformation. 

3.6. The final result 

Due to the late discovery of an internal restriction site for BamHI in the clrA gene, 

the PCR on the plasmid DNA obtained after the miniprep didn’t give the expected 

result. Therefore, another PCR was performed on the plasmid DNA obtained after 

the midiprep, but this time only on the last 999 base pairs at the 3’ end of the clrA 

gene. The reverse primer from Table 1 was maintained, but the forward primer 

had to be redesigned. Lane 5 and 6 of Figure 9 show the PCR product obtained 

after this reaction. 

  

Figure 9: PCR on the last 999 base pairs at the 3’ 
end of the clrA gene of I. dechloratans. Lane 1, 
Lambda DNA/HindIII marker; lane 5-6, PCR prod-
uct. 
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To make better assumptions on whether the cloning of the clrA gene in E. coli cells 

was successful, before getting any results back from sequencing, the faint band in 

lane 2-7 of Figure 8a (expected to be the clrA gene) and the band in lane 5-6 of 

Figure 9 (expected to be the last 999 base pairs at the 3’ end of the clrA gene) were 

plotted onto the Lambda DNA/HindIII marker. To do so, the logarithm of each 

band size of the marker was put over the distance each band had travelled from 

the bottom of the well to make a standard curve for each of the two gels. The 

distance the unknown band had travelled was then plotted onto this curve to es-

timate the size of the DNA in this band. Since small changes on the logarithmic y-

axis resulted in big changes in band size, exact calculations couldn’t be made for 

the unknown bands. The results did show that the size of both bands were in the 

right range, which suggested that the clrA gene was present in the chosen colo-

nies. 

To know for sure whether the cloning of the clrA gene in the two colonies chosen 

from the 1:3 ligation was successful, it was necessary to send both samples for 

sequencing. Four primers were chosen: one forward primer in the pBR322 vector 

close to the EcoRI restriction site, one forward primer in the clrA gene, one reverse 

primer in the clrA gene and one reverse primer in the pBR322 vector close to the 

BamHI restriction site. This to make sure that the whole clrA gene was covered in 

the sequencing. Two different parts of the result led to the same conclusion. First, 

the forward and reverse primer that were chosen in the clrA gene didn’t give any 

sequencing result. Secondly, the best result was given by one of the two forward 

primers in the pBR322 vector and is seen in Figure 10. The sequence is shown in 

red and starts a little from the left of the EcoRI restriction site, “skips” the part in 

between the restriction sites and goes straight to the BamHI restriction site of the 

pBR322 vector. From these results, it is assumed that the restriction enzymes have 

cut the vector, but the clrA gene was not ligated into it. It seems that the vector 

has, somehow, closed again on itself after cleavage, although that shouldn’t be 

probable since the restriction enzymes leave the vector with different sticky ends. 

This, of course, are only the results for the two colonies of the 1:3 ligation that 

were tested.  
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Figure 10: restriction map of the pBR322 vector. The restriction enzymes used to 
cleave the vector are circled in red. The red outlining of the restriction map shows 
the sequencing result that the forward primer in the vector gave for one of the 
chosen colonies of the 1:3 vector over insert ligation.20  
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4. Conclusion 

This project has showed the first steps that were taken in getting a better 

knowledge in the functioning of the clrA gene. In the two samples that were send 

for sequencing, the cloning of the clrA gene had turned out unsuccessful. But more 

colonies should be tested, from each of the ligation ratio’s, to draw an overall con-

clusion. From the PCR on the clrA gene performed with the robust DNA polymer-

ase, one can conclude that the primers that were designed work well. If it is 

decided to design new primers, the forward primer should be designed with a 

different restriction site. One that is not present in the clrA gene itself, to keep the 

whole gene intact. The experiments with the high-fidelity polymerase show that 

an annealing temperature of 62.2 °C seem to give one specific band of the right 

size, but further experiments are necessary to optimize this reaction.   
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