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Abstract 
 

Experiments were done in order to clone a Fructose 6-phostphate aldolase mutant derived 

from E. coli. The mutant has a frame shift in the reading frame, leading to a truncated version 

of the protein. It is of great interest to see what this mutant can do, as the wild type can form 

new carbon-carbon bonds which is one of the cruical reactions in organic synthesis. Cloning 

of the mutant was successfull when using the Anza™ Restriction Enzyme Cloning System 

from Thermo Fisher and using the E. coli BL21 DE3 strain. DNA and vector was cleaved 

using restriction enzymes, ligated by DNA ligase and then transformed into the E. coli cells. 

Further experiments has to be done to purify and characterize the protein.   
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1 Abbreviations 
2TY   2X Tryptone Yeast extract (microbial growth medium) 

5xHis-Tag  A sequence of five histidine residues 

a.a.  Amino Acid 

ADH-A C2A2 Vector 

ATP  Adenosine Triphosphate  

BCA  Bovine Serium Albumin 

BcuI  Restriction enzyme 

bp  Base pair 

DNA   Deoxyribonucleic acid 

dNTPs  Deoxynucleoside triphosphates (building blocks for DNA strands) 

DTT  Dithiothreitol 

E. coli  Escherichia coli 

EDTA  Ethylenediamine tetraacetic acid 

FSA  Fructose 6-phosphate aldolase 

g  Gravitational force 

HindIII  Restriction enzyme 

In vitro  Experiment made outside a living organism 

IMAC  Immobilized Metal Ion Affinity Chromatography 

LB  Luria-Bertani Broth (microbial growth medium) 

NheI  Restriction enzyme 

PCR  Polymerase Chain Reaction 

pGT7  Vector 

rpm  revolutions per minute 

TAE  Tris-acetate-EDTA 

TIM barrel  Triosephosphate isomerase barrel (protein fold) 

w/v  weight/ volume 

XhoI  Restriction enzyme 
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2 Introduction 

2.1 Directed evolution 

Directed evolution is the method that tries to mimic the process of natural selection by protein 

engineering, in order to be used in a specific way for research. The aim is to speed up 

evolutionary processes, instead of million of years, the same thing can be achieved in years or 

even months in the lab. Directed evolution allows for mutations all over the enzyme and with 

planned properties of substrate selectivity and catalytic ability. This generates the possibility 

to create new enzyme based catalysts for biocatalysis that are even more efficient, more or 

less selective and also making it a greener process.1 In the long run, proteins created by 

directed evolution can be cheaper and be very important analytical tool or work as a 

therapeutic protein. In order to get the optimal protein required for mainly research, a 

mutagenesis library has to be developed. The library will consist of a large number of protein 

variants that needs to be selected and limited to finally get the final desired protein. Directed 

evolution is a strategy of protein engineering where different mutagenesis strategies can be 

applied on a protein. 
 

2.2 Fructose 6-phosphate aldolase 

Aldolases are one important group of enzymes, and the reaction using an aldolase as an 

enzyme is the most powerful method in nature, building up the skeleton of organic 

molecules.2 In the aldol reaction, a ketone acts as a nucleophile and an aldehyde acts as an 

electrophile, creating new carbon-carbon bonds and a new asymmetric carbon. Fructose 6-

phosphate aldolase, FSA, catalyzes the reversible cleavage from fructose 6-phosphate to form 

dihydroxyacetone and D-glyceraldehyde 3-phosphate, as seen in the reaction scheme 1 below. 
FSA is the first reported enzyme from any organism that catalyzes the aldol cleavage of 

fructose 6-phosphate in vitro,3 but it is still unclear what FSA’s physiological role is as it is 

derived from E. coli. Because FSA’s capability to accept a donor ketone in the form of an 

unphosphorylated dihydroxyacetone, and creating new carbon-carbon bonds, FSA is of high 

consideration in synthetic organic chemistry.1  

 

 

  ⇌  +    

Reaction scheme 1: Fructose 6-phosphate → Dihydroxyacetone + D-glyceraldehyde 3-phosphate.  
Figure made in Chemspider4 

 

 

FSA catalyzes both carbon-carbon bond cleavage and formation, which is one of the crucial 

reactions in organic synthesis. In theory, enzymes could carry out almost any organic 

chemical reaction, but it is rather an exception than the rule in organic chemistry. A broad 

panel of enzyme catalyzed reaction platforms are lacking in the industry and it is of great 

importance to broaden the commercially available biocatalysts in order to get greener 

processes in organic synthesis, in a timely manner. 5 
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The FSA, as shown in Figure 1 below, is folded as a so called TIM barrel, looking like a 

donut. Topologically it is known as a toroid - a surface with a hole in the middle. A TIM 

barrel is a conserved fold of proteins with eight parallel ß-strands and eight α-helices that 

repeats the backbone of the peptide. The ß-strands form the inner wall of the donut, hence ß-

barrel, while the α-helices form the outer wall. The diverse occurrence of the fold has gained 

a lot of notice in the evolution of proteins folds and the structural and enzymological 

properties. 6 

 

The functional form of FSA has ten subunits in two stackered five membered ring. FSA forms 

into a decamer and so far this structure has not been seen in other aldolases. Each subunit 

(seen in different colours in Figure 1 (c) below) consists of a domain folding into a α/ ß barrel, 

starting with ß1. After ß2 and ß6, an additional α-helix is inserted in the C-terminal loop, 

pointing into the active site with their N-terminal ends. Helix number 8 points outwards from 

the protein core at an approximative angle of 90°. 7 

 

 
 (a)   (b)  

 

 
(c) 

 

Figure 1: Quaternary structure of FSA, each colour represents one subunit (a) Top view of FSA (b) 

Side view of FSA. (c) Monomer of FSA, coloured gradually from deep blue at the N-terminal to red at 
the C-terminal, with its catalytic sites lysine in red. Images created with PyMOL version 2.2.2 8 using 

the atomic coordinates in RCSB Protein Data Bank entry 1L6W 9 
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2.3 Mutations 
 

The FSA variant that this project has been focusing on has a mutation at the end of the 

nucleotide sequence. It contains a deletion where two nucleotides are missing in the 

corresponding gene, leading to a so called frameshift in the reading frame where the rest of 

the nucleotides are in the wrong order. A frame shift mnutation is a mutation where one or 

several nucleotides has been removed or added to the DNA sequence. One adenine and one 

thymine is missing in this case; instead of encoding glutamine there is an arginine. This small 

change, where only two nucletides are missing, can lead to a whole new protein since all 

proteins has their own unique a.a. sequence, and therefore their own nucleotide sequence. The 

mutant is also about 40 a.a. shorter than the wild type, containing 180 a.a instead of 220 a.a. 

The whole nucleotide sequence can be found in the Appendix. Mutations can occur naturally 

over time by evolution, or by directed evolution in the lab, as described. This is what has 

occurred prior to this project, where a random mutation caused the frameshift. The wild type 

enzyme is known to form decamers, but it is not yet sure if this mutant can associate to the 

same extent.  

 

2.4 Recombinant expression 

Recombinant DNA technologies are used routinely in protein science today. The DNA is 

cloned into an environment well suited for protein production, to help the production in a 

sufficient quantity. Bacterial cells are often used as host organisms, where E. coli is the most 

common and was also the first organism used for recombinantly producing protein from 

DNA. E. coli’s metabolism is very well understood and many E. coli-associated cloning 

plasmids are well characterized; making E. coli a great candidate as host organism.10 

 

The set of enzymes used for recombinant DNA technology are particularly important. They 

have been obtained after decades of research on the metabolism of nucleic acids. The two 

most important enzyme classes are restriction endonucleases (also called restriction enzymes) 

and DNA ligases. Restriction endonucleases cleave (cut) DNA and plasmid only at specific 

sequences that they recognize. Many restriction enzymes make staggered cuts, producing 

single stranded overhangs. Where a DNA fragment and plasmid are cleaved by the same 

restriction enzymes, the single stranded overhangs will be complementary and DNA ligase 

can link the DNA fragment and plasmid together, forming new phosphodiester bonds. A 

recombinant DNA has now been obtained which can be introduced to the host cell to be 

cloned. The recombinant DNA will be replicated in the host and the protein will be expressed 

and incorporated in the host’s DNA.10  

 

A plasmid (also called vector) is a circular piece of DNA found in bacteria and archaea, used 

to introduce foreign DNA into another cell. It can replicate separately from the host organism 

by taking advantage of the host’s system for protein synthesis and induce expression of its 

own DNA in the host. The host will now express the proteins. By having knowledge about the 

size (in bp) of plasmid and DNA, it is possible to analyze them by gel electrophoresis to see if 

the correct size was acheived.10  

 

Bacteria cell wall and membrane can be made permeable to large molecules, e.g. DNA, by a 

short high-voltage pulse. Electroporation, was used in this project, as it is a very fast and 

efficient method. Not many host cells will take up recombinant DNA in any transformation, 

so a following up method is needed to identify which who did. A method could be to use a 
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selection marker, such as a resistance to an antibiotic, allowing only the cells with plasmid to 

grow on an agar plate containing the antibiotic. 10  

 

Before cloning, the amount of DNA is normally increased by PCR. PCR, or Polymerase 

Chain Reaction, is a method to amplify a DNA-sequence and to be able to work with it 

because at first only very low amounts of DNA is available. It consists of three major 

temperature settings. The temperature for the annealing are however adjusted for every new 

DNA sequence depending on the length of the primer. The target DNA is mixed with a 

solution of dNTPs, primers, buffer and a heat resistant DNA polymerase. In the first step, 

denaturation, the temperature is at 98 °C making the hydrogen bonds between the 

complementary base pairs break, causing the DNA double helix to separate. Afterwards, the 

temperature is lowered to 54 °C and primers are annealed to the starting point of the DNA. In 

extension at 72 °C, the thermostable polymerases add complementary nucleotides. The cycle 

is then repeated up to 40 times.10  In order to confirm that the right DNA was obtained, gel 

electrophoresis can be used to see the fragment size in bp with the help of a ladder, a size 

marker. 

 

In Figure 2 below, an illustration can be seen of the approach of DNA cloning.11  

 

 
    

Figure 2: DNA cloning in a schematic illustration. Figure from Cox, M. M., Nelson DL. Lehninger 
Principles of Biochemistry. 5 th. W.H Freeman and Company; 2005  11 

 

2.5 Aim 
 

The aim of this degree project was to clone the mutated version of FSA, because it has never 

been done before, by partly following the procedure in Figure 2 above. The DNA and a 

suitable vector had to be cleaved and then ligated in order to be transformed into E. coli cells. 
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3 Experimental 
 

3.1 Primer design and PCR 

A primer that would be used for PCR was designed as the first step of the project. The DNA 

sequence of the gene was studied and the complementary sequence were found. The reverse 

primer (named 1H6 reverse primer) was supplied from Thermo Fisher Scientific and can be 

seen in the Appendix. It allows for later insertion of a 5xHis-tag in order for the protein to 

later be purified by Immobilized Metal Ion Affinity Chromatography, IMAC. The full a.a 

sequence can be found in the Appendix.  

During the whole project, all samples containing DNA or protein were kept on ice. This is 

done to keep the sample stable, and freezing shuts down all biological activity. It is also of 

great importance that proper sterile techniques are being used to avoid any type of 

contamination.  

The PCR program settings used are shown below, followed by the chemicals used, listed in 

Table 1. These were pipetted in a fixed order and mixed into a sterile Eppendorf tube and then 

separated into 8 PCR-tubes, with 48 μL of PCR sample in each tube. All volumes, chemicals 

and the PCR program were all obtained by Thermo Fisher.12 It is of great importance that the 

chemicals are added in the order as listed below, and that the Phusion® DNA Polymerase is 

the last reagent added. 13 

• Denaturating: 98 °C, 5 min 

• Annealing: 98 °C, 1 min → 52-59 °C, 0,5 min → 72 °C, 1 min, cycled 35 times 

• Extension: 72 °C, 5 min 

• Cooling: 25 °C 

Table 1: Chemicals and volumes for PCR 

Chemical Volume (μL) 

Autoclaved MilliQ-water 275 

”1H6” reverse primer (100 μM) 4 

”pucF” forward primer (100 μM) 4 

5x GC Buffer 80 

dNTPs (2.5 mM) 32 

DNA Template 1 

Phusion® DNA Polymerase 4 

Total  400 

 

 

The amplified PCR tubes were kept on ice until analyzed.  

   In order to see if the right sequence was amplified, 5 μL of each PCR products were 

analyzed on a  1 % (w/v) agarose gel electrophoresis and compared with a size marker. The 

recipe for the agarose gel can be seen in Appendix. All samples containing the right sequence 

- i.e. the ones containing DNA of the expected size - were pooled to be further used in the 

project. The DNA was precipitaed by sodium acetate and ethanol. The samples were kept in   

-80 °C until next step in the project. 
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After the pooled PCR product had been centrifuged at 13000 x g for 30 minutes, the 

supernatant was removed and 500 μL of 99.5% ethanol was added. This was centrifuged for 

another 5 minutes before ethanol was removed, pellet dried and then dissolved in 100 μL 

autoclaved MilliQ-water. The DNA concentration was measured by NanoDrop® ND-1000 

spectrophotometer.  

 

3.2 DNA Cloning 
 

The two restriction enzymes XhoI and BcuI were then added to the DNA to cut out specific 

fragments in a sterile Eppendorf tube, as well as autoclaved MilliQ-water and 10x Buffer G 

(10 mM Tris-HCl, 10 mM MgCl2, 50 mM NaCl,  0.1 mg/mL BSA) from Thermo Fisher 

Scientific. The Eppendorf tube was then incubated at 37 °C overnight, to make the restriction 

enzymes able to digest the DNA. BcuI was inactivated by adding 2.1 μL 0.5 M EDTA and 

XhoI was inactivated by heating the mixture at 80 °C for 5 minutes and then precipitated 

using ethanol, sodium acetate and glycogen. The DNA sample was then analyzed on a 1% 

(w/v) agarose gel. The gel piece containing selected DNA fragments was cut out and the 

DNA was extracted using GeneJet gel extraction kit14. Finally, the extracted DNA was 

collected in a new Eppendorf tube and was stored in a freezer.  

 

For the ligation, an already digested vector was used; pGT7 (digested with XhoI and BcuI). 

Together with the DNA fragment, it was ligated together with 12 mM ATP, 10x ligase buffer 

(40 mM Tris-HCl, 10 mM MgCl2, 10 mM DTT, 0.5 mM ATP) and T4 DNA ligase in a total 

volume of 10 μL. A negative control was done by adding autoclaved MilliQ-water instead of 

the gene fragments. The ligations were incubated in room temperature over night. 

Before transforming, the ligation mix was added to cells, and the ligase had to be heat-

inactivated at 80 °C for 5 minutes and then quickly put on ice. 2 μL of the vector DNA, 

together with 40 μL of the host cell electrocompetent E. coli BL21-AI were electroporated at 

1.25 kV before being added to test tubes with 950 μL 2TY medium in a shaker incubator at 

37 °C for 1 hour at 225 rpm. 

 

This step was repeated several times with different volumes of vector DNA, between 1-3 μL.  

 

Of the recombinant DNA, three LB-agar plates was used, one diluted 100 times, one 10 times 

with 2TY medium, and one not diluted at all. Of this, 100 μL was spread out on LB-agar 

plates, containing 100 μg/mL of the antibiotics ampicillin and 30 μg/mL of kanamycin. For 

the negative control, only one plate was necessary where 100 μL was spread out. These were 

put on incubation at 37 °C overnight. 

 

The same experiment was again done, but this time using the Anza™ Restriction Enzyme 

Cloning System15 from Thermo Fisher, which is a one-buffer-system where the same buffer is 

compatible with all restriction enzymes. For digestion, nuclease-free water, Anza 10X Red 

Buffer, DNA, XhoI and BcuI was added in an Eppendorf tube for a 20 μL digestion, for 2-3 

hours. 

 

BcuI and XhoI was inactivated and the digested DNA was analyzed and separated by 1 % 

agarose gel, and extracted using GeneJet gel extraction kit14. Presence of the extracted gene 

was confirmed using gel electrophoresis. The ligation was performed at room temperature 

over night in Eppendorf tubes, with one negative control. With the Anza™ system, a T4 DNA 

Ligation Master Mix16 was supplied. The Ligation Master Mix was mixed with autoclaved 
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MilliQ-water, vector and DNA, in a total volume of 20 μL. For the negative control, 

autoclaved MilliQ-water was added instead of the DNA. This was transformed the same way 

as before, this time with 3 μL of ligation mixture and 50 μL of electrocompetent E. coli BL21-

AI. 

 

Transformation was done again, this time with lowered and varied volumes of ligation 

mixture and about 150 μL of electrocompetent E. coli BL21-AI. The volumes of the ligation 

mixtures were 1 μL, 1.5 μL and 2 μL.  

 

3 μL of the vector was also run on a 1 % (w/v) agarose gel to see its size. Transformation was 

also done using heat-shock were 5 μL of the DNA is mixed with chemically competent E. coli 

cells, incubated on ice for 30 minutes and then incubated at 42 °C for exactly 30 seconds.  

 

After successive failures at all above attempts, another vector was also used, ADH-A C2A2, 

in case the vector was the issue. It was first cleaved with the restriction enzymes XhoI and 

BcuI and then analyzed on a gel twice, first just 3 μL to make sure that it was cleaved, then 

the rest of it so it could be separated from other components. It was then extracted using 

GeneJet gel extraction kit14 and then run on a gel again (3 μL). It was ligated and 3 μL of this 

was transformed to about 150 μL of electrocompetent E. coli BL21-AI.  

The vector ADH-A C2A2 was once again cleaved, but this time with the restriction enzymes 

XhoI and HindIII. It was then ligated on to the cleaved DNA and transformed into E. coli 

BL21 DE3 golden standard by adding 2 μL DNA, 2 μL 5x KCM, 12 μL autoclaved MilliQ-

water and 10 μL E. coli cells to a new Eppendorf tube. After being stored on ice for 20 

minutes it was stored in room temperature for 10 minutes then mixed with 200 μL 2TY 

medium, and incubated at 37°C for one hour. It was then incubated over night on LB-agar 

plates.  

The DNA was then cleaved by XhoI and a new restriction enzyme, NheI. It cuts a DNA 

sequence that generates ends that can be ligated to DNA cut with BcuI. The vector was still 

cleaved by XhoI and BcuI. These were then separated on a gel and then extracted by a slighter 

different method than the one described for the GeneJet gel extraction kit14. A vacuum 

manifold was used to filter the wash buffer and instead of elution buffer, autoclaved MilliQ-

water of 55 °C was used. The sample was also analyzed on a gel after the extraction. 
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4 Results and discussion 

4.1 PCR 

5 μL of the eight PCR products were run on a gel to see if the PCR was successful. From 

Figure 3 below, it can be seen that all 8 samples has product (bands at ~800 bp) so all these 

were pooled to be used further in the project (although sample 1 is not really visible on the 

gel, it was expected that it also had product). The NanoDrop® measurement of the DNA 

showed a concentration of 162 ng/μL. Later on in the project, two more PCR were done, 

which can be seen afterwards in Figures 4 and 5. The NanoDrop® measurement showed a 

concentration of 160 ng/μL. Imaging for all gels was done using ChemiDoc™ (Bio-Rad). 

 

 

 
Figure 3: Gel electrophoresis of PCR product. The eight PCR-products have a size of about 800 bp. 

This ladder is used for all electrophoresis in the project.  

 
 

 
Figure 4: Gel electrophoresis of PCR product The eight PCR-products have a size of about 800 bp. 
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Figure 5: Gel electrophoresis of PCR product. The eight PCR-products have a size of about 800 bp. 

 
 

4.2 DNA Cloning 

 
The cleaved DNA was run on a gel to see if digestion with the restriction enzymes was 

successful. The cleaved DNA can be seen below in Figure 6, just above 500 bp. Gel 

electrophoresis is here used as an analyical tool, to see if the right sequence was achieved, but 

also as a separation technique which can be seen in the figure where two bands are shown 

from the same well. The other band seen is the restriction enzymes.  
 

 
Figure 6: Gel electrophoresis of digested PCR product at about 500 bp.  

 

DNA was cleaved several times, ligated and transformed into E. coli but none showed any 

growth on the LB-agar plates. This could be due to many reasons. When transforming the 

vector DNA into E. coli the electroporator generated a spark which can indicate that the 

concentration of either DNA or salt is too high. When lowering the volume of vector DNA, a 

spark was still generated sometimes and sometimes not. This could be an indication that the 

DNA should have been diluted further, or that ratio between vector and DNA should be 

different. The reason for no growth could be a basic issue, like the use of an unsuitable buffer, 

and it is also strange why not even the negative controls grew any colonies either. They also 

contain the E. coli and vector with resistance so they are supposed to grow on the agar plates 

as well, just without the DNA. In Figure 7 on the next page, the PCR product is shown as it 

was analyzed on a 1 % (w/v) agarose gel. This was the cleaved which can be seen in Figure 8.  
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Figure 7: PCR product at around 800 bp. 

 

 
Figure 8: Cleaved PCR product at around 500 bp. 

 

Also, digestion using two different restriction enzymes can be difficult, as they require 

different buffers. Using the table ”Reaction Conditions for Restriction Enzymes”17 from 

Thermo Fisher, it was shown that Buffer G was the most suitable for both XhoI and BcuI as 

they both show an enzyme activity of 50-100 %, and this was the one used. The correct buffer 

is needed because enzymes may have specific requirements in order to react properly. The 

most optimal buffer (100 % enzyme activity) for the enzymes were different ones and would 

not work for the other one. The issue could also lie in that the two restriction enzymes needed 

different ways of being inactivated. When adding one restriction enzyme at a time and 

inactivating that one before adding the other one, still did not give any difference in the 

transformation results. Buffer G might not have been compatible for both enzymes, perhaps it 

only shows 50 % of enzyme activity, and it is not enough. When trying the Buffer G several 

times and no growth was shown on the plates, it was then decided to use the Anza™ 

Restriction Enzyme Cloning System15 from Thermo Fisher. All restriction enzymes in the 

Anza™ system can all be used in the same buffer system, and is a very easy approach. It is 

said to simplify the traditional cloning workflow and digestion and ligation takes only 15 

minutes. The cleaved DNA using Anza™ can be seen in Figure 9 on the next page, it shows a 

strong clear band, indicating a lot of DNA was cleaved when using Anza™. Electrophoresis 

has again been used both as an analytical tool and as a separation technique; the two 

restriction enzymes has been separated from the DNA in the gel. 
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Figure 9: Gel electrophoresis of cleaved DNA (digested PCR product), using Anza™ Restriction 

Enzymes. 
 

For the ligation, Anza™ T4 DNA Ligation Master Mix was used. Being ready-to-use, 

pipetting steps were reduced in comparision to the standard method where the ligase had to be 

added together with both ATP and ligase buffer. The concentration of the extracted digested 

DNA was measured on the NanoDrop®, showing a concentration of 8.0 ng/μL which 

indicates that a lot of DNA has been lost after cleaving and extraction. The electrophoresis of 

the extracted digested DNA can be shown below, in Figure 10, where 4 μL was applied. This 

electrophoresis was done to see if DNA still was there after the gel extraction, and from the 

figure it is proven.  
 

 
Figure 10: Gel electrophoresis of extracted DNA. 

 

The first time transforming the DNA using Anza™, a spark was generated and no colonies 

grew. This could be due to the DNA concentration being to high once again. But when 

decreasing the amount of ligation mixture and increasing the amount of E. coli, no spark 

appeared but still no colonies grew. This shows that the amount of DNA does not affect the 

transformation results. The vector was shown clearly on the gel, as seen in Figure 11 on the 

next page. It was done to confirm that it still was there, and it was. 
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Figure 11: Gel electrophoresis of vector pGT7. 

 
 

When transforming the DNA by heat shock, still no colonies appeared. This shows that the 

method of transforming does no affect the results. The negative control did not show any 

colonies either, showing that there is no problem with the DNA, since, the negative one does 

not contain DNA. Perhaps, the issue could lie in the E. coli cells, but still different cells were 

used during the different transformation methods (electrocompetent and chemically 

competent). 

 

The vector ADH-A C2A2 can be seen below in Figure 12, where 5 μL was run on a gel to see 

that it was cleaved. Then the rest of the cleaved vector was run on a gel to separate it from 

other components, as seen in Figure 13. This was cut out to be extracted. In Figure 14 

followed, a gel with 3 μL of the extracted vector is shown. 

 

 

 
Figure 12: Gel electrophoresis of cleaved vector ADH-A C2A2. 
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Figure 13: Gel electrophoresis of all cleaved  

vector ADH-A C2A2. 

 

 
Figure 14: Gel electrophoresis of extracted vector ADH-A C2A2. 

 

The transformation did not give any spark, indicating that the transformation may have been 

successfull, and the concetration of DNA and/ or salt was not too high. Still, no colonies 

appeared on the agar plates. To eliminate possible contaminations or other interferences, the 

new vector was used, as well as preparing new solutions and repeating all parts again. One 

aspect considered, was that one of the restriction enzymes, BcuI, did not cleave as it should. It 

might cleave something else or cleaves improperly, so it was decided to use another 

restriction enzyme that cleaves a little further away, HindIII. 7 μL of the cleaved vector was 

run on a gel, as seen on the next page in Figure 15. The cleaved vector was however never 

separated from other components by gel electrophoresis.  
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Figure 15: Gel electrophoresis of cleaved vector ADH-A C2A2. 

 

The recombinant DNA was grown on agar plates (E. coli BL21 DE3 golden standard) 

containing carbenicillin instead of ampicillin and very few colonies were shown, as E. coli 

grow slowly on plates containing carbenicillin. It can be seen below in Figure 16. When 

changing three different parameters, growth was shown; different E. coli cells, different 

transformation method and another antibiotic on the agar plate. It is not entirely sure which of 

these is the main influence as all three were applied at the same experiment.  

 

 
Figure 16: Colonies from agar plate containing carbenicillin.  

 

The DNA cleaved by NheI was separated on a gel, as well as the cleaved vector, and it can be 

seen on the next page in Figure 17. It shows very clearly that the gel separated the vector and 

the DNA from other components in the sample, as several bands are coming from the same 

well.  
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Figure 17: Gel electrophoresis of cleaved vector and DNA. 

 

When analyzing the extrated vector and DNA, the DNA did not display on the gel, as seen 

below in Figure 18, only the vector is shown. 

 

 
Figure 18: Gel electrophoresis of extracted vector and DNA. The gene fragment is not visible. 

 

When cutting out the band from the gel in Figure 17, it was very hard visualizing where the 

band actually was, so a large piece of gel was cut out, containing a small amount of DNA. 

The extraction technique also differed from before, and the GeneJet gel extraction kit protocol 

was not followed completely. Instead of using the centrifuge in the washing step, a vacuum 

manifold was used to elute the liquid and the wash buffer. And because the gel piece was 

quite large, it was not easy to solubilize. The liquid for the DNA took longer time to go 

through the filter colomn than that of the vector. Also, elution buffer was not used for this, but 

autoclaved MilliQ-water of 55 °C instead. 
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5 Conclusion 

The only time colonies grew was when using agar plate containing carbenicillin, using E. coli 

BL21 DE3 golden standard as host cells, cleaving using HindIII and when transforming the 

cells using the third method. Even if the vector contain ampicillin resistance, it still grows on 

carbenicillin. Electroporation and heat shock does not seem to work for the cells and/or the 

DNA used. It could not be proven which of these changed parameters that were the highest 

contributing factor for the growth. When cleaving using HindIII, the DNA was never 

separated on a gel but gave colonies. This could indicate that when separating a cleaved 

DNA, the ligation did not work, something could have been lost in the gel or when extracting 

the DNA from the gel.  

 

 

6 Future work 

An experiment could be done to prove which of the changed parameters had the highest 

impact on the results. And when more colonies have been grown on the agar plate, and the 

DNA expressed into protein, the protein should then be characterized. The enzymes catalytic 

activity should be identified to see if it can catalyze the same reaction as the wild type can, or 

a different one.  
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9 Appendix 

Below is the full DNA sequence 

⬇ΔAG = deletion. A and G has been deleted → frameshift.  

 
FSA A A129G, R134V, S166G, L107C, L163A clone 1H6 
  
          XhoI 
AAGAAGGAGAT CTCGAG 
  
ATG GAA CTG TAT CTG GAT ACT TCA GAC GTT GTT GCG GTG AAG GCG CTG TCA CGT ATT TTT 
 M      E       L      Y       L      D      T     S      D      V      V      A       V       K       A      L      S      R      I      F     20  
  
CCG CTG GCG GGT GTG ACC ACT AAC CCA AGC ATT ATC GCC GCG GGT AAA AAA CCG CTG GAT 
 P        L       A       G      V      T      T       N      P      S      I      I        A       A      G       K     K      P       L      D   40  
  
GTT GTG CTT CCG CAA CTT CAT GAA GCG ATG GGC GGT CAG GGG CGT CTG TTT GCC CAG GTA 
 V        V       L      P      Q      L     H      E      A       M      G     G       Q       G      R      L      F     A       Q     V    60  
  
ATG GCT ACC ACT GCC GAA GGG ATG GTT AAT GAC GCG CTT AAG CTG CGT TCT ATT ATT GCG 
 M      A       T       T      A      E      G       M     V      N     D       A       L      K       L      R      S      I      I       A    80 
  
GAT ATC GTG GTG AAA GTT CCG GTG ACC GCC GAG GGG CTG GCA GCT ATT AAG ATG TTA AAA 
 D       I        V       V      K     V       P      V      T       A      E       G       L      A      A       I       K     M      L     K   100 
  
GCG GAA GGG ATT CCG ACG TGT GGA ACC GCG GTA TAT GGC GCA GCA CAA GGG CTG CTG TCG 
 A         E       G      I      P      T       c      G       T      A       V      Y      G      A      A       Q      G       L      L      S  120 
  
GCG CTG GCA GGT GCG GAA TAT GTT GGG CCT TAC GTT AAT GTT ATT GAT GCT CAG GGC GGT 
 A         L      A       G      A       E      Y      V     g       P      Y      V      N     v       I       D      A     Q      G      G   140 
  
                                                                                   ⬇ΔAG 
                                                                                           R   E 
AGC GGC ATT CAG ACT GTG ACC GAC TTA CAC CAG TTA TTG AAA ATG CAT GCG CCG CGC GAA 160 
  
 S        A      S       S      G       F     Q     N       P      A      S      G      A       G      L       L      T     G       R      M 
AGT GCA AGC AGC GGG TTT CAA AAC CCC GCG TCA GGC GCT GGA CTG CTT ACT GGC AGG ATG 180 
  
                                                              
 *(STOP) 
TGA ATC AAT TAC TCT G CCA CTG GAT GTG GCA CAA CAG ATG ATT AGC TAT CCG GCG GTT 200 
  
GAT GCC GCT GTG GCG AAG TTT GAG CAG GAC TGG CAG GGA GCG TTT GGC AGA ACG TCG ATT 220 
 

BcuI            5xHis       *   *                            HindIII 
ACT AGT CAT CAT CAT CAT CAC TAA TGA AAG CTT  

 
 

From the frameshift: sequence without mutation 
 
   Q      A      K  
CAG GCG AAA 160 
 
  V       Q      A      A       G      F     K       T      P      R      Q      A       L      D       C     L       L     A        G      C 
GTG CAA GCA GCG GGT TTC AAA ACC CCG CGT CAG GCG CTG GAC TGC TTA CTG GCA GGA TGT 180 

 
  E      S       I       T     L        P     L       D      V      A      Q      Q      M      I       S     Y       P      A      V 
GAA TCA ATT ACT CTG CCA CTG GAT GTG GCA CAA CAG ATG ATT AGC TAT CCG GCG GTT 200 
  
  D        A      A      V      A     K       F      E      Q      D      W      Q     G       A       F     G      R       T      S      I 
GAT GCC GCT GTG GCG AAG TTT GAG CAG GAC TGG CAG GGA GCG TTT GGC AGA ACG TCG ATT 220 
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Primer for PCR: ’5- TTT TTT ACT AGT CAT CCT GCC AGT AAG CAG -3’ 

 

XhoI restriction site:  
5'     C ↓ T   C   G   A   G     3' 

3'     G   A   G   C   T ↑ C     5' 

           

BcuI restriction site:  
5'     A ↓ C   T   A   G   T     3' 

3'     T   G   A   T   C ↑ A     5' 

 

 

 

HindIII restriction site: 
5'     A ↓ A   G   C   T   T     3' 

3'     T   T   C   G   A ↑ A     5' 

 

NheI restriction site: 
5'     G ↓ C   T   A   G   C     3' 

3'     C   G   A   T   C ↑ G     5' 

 

 

 

Most optimal buffer for XhoI: Buffer R (pH 8.5) 

Most optimal buffer for BcuI: Buffer Tango (pH 7.9) 

Buffer G (used): pH of 7.5 
 

 

 

 

 

Table A1: Description for preparation of LB-

Agar medium. Diluted to 400 mL with 

autoclaved MilliQ-water. 

Component Amount (g) 

Tryptone 4 

Yeast Extract 2 

NaCl  4  

Agar 6  

 
Table A2: Description for preparation of 2TY 
medium. Diluted to 500 mL with autoclaved 

MilliQ-water. 

Component Amount (g) 

Tryptone 8  

Yeast Extract 5   

NaCl  2.5   

 

 
 Table A3: Description for preparation of 1.0 

% (w/v) agarose gel. 

Component Amount  

Agarose 0.8 g 

1 x TAE Buffer 80 mL 

SYBR® Safe DNA 

Gel Stain 

8 μL 

 

 

Table A4: Description for preparation of 50 x 
TAE Buffer. Diluted to 1000 mL with 

autoclaved MilliQ-water.  

Component Amount 

Tris 242 g  

Glacial acetic acid 57.1 mL 

EDTA (”Titriplex”) 

0.5 M 

100 mL 
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