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Integration of Dsup in N. oceanica: Figures and Appendices 

Figures: 

Figure 1) 

Tardigrade under my microscope. Enlarged 200 times: 

  

 

Figure 2) 

The illustration shows the DNA-helix (red cylinder) surrounded by Dsup (alternately red and blue). 

Dsup’s ability to form a protective chain around the DNA is visualized: 

 

Figure 3) 

Upper: Closed cell membrane 

Bottom: Hydrophilic pore in the cell membrane, caused by electroporation.  
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Figure 4) 

DNA-construct (green and red) makes homologous recombination with the homologous 

recombination site (dotted green), due to the allele genes. The two sequences thus changes places. 

 

 

Figure 5) 

The template-construct from Poliner et al. (2020) with the bidirectional promotor (Ribi), two genes 

and a terminator in each end is shown below:  

 

 

Appendices: 
 

Appendix 1: Nutrient Compositions in different microalgae species 

The table shows that many microalgae species are rich in lipids, proteins and carbohydrates, all 

fundamental components in the human diet. 
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Appendix 2: Average dose rate on Mars’ surface 

 

 

 

Appendix 3: A computational structural study on the Dsup protein 

 

 

Appendix 4: Tardigrade Dsup protects DNA from ROS 
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Appendix 5: Phase 1) DNA-construct and E. coli-strain 

Before I can integrate Dsup into N. oceanica, I must first have designed a suitable DNA construct, 

containing a number of different genes that together will be able to create a successful gene recombination. 

As a template for my DNA construct, I used an already successful tested construct on N. oeanica from the 

article Poliner et al. (2020) (Figure 5) 

The HygR gene in the template construct is an antibiotic-resistant gene that makes the algae immune to the 

antibiotic Hygromycin B. Only the genetically modified algae transformants will be resistant to Hygromycin 

B, which I therefore use to select non-genetically modified algae from the genetically modified algae 

individuals. 

To form my own construct, I replace the GFP gene with my Dsup gene. 

For this, I used the DNA database addgene.org [17], where I found the template construct in plasmid form, 

and cut out the necessary base sequences (Appendix 5.a). Then I found the Dsup sequence from the DNA 

database Uniprot.org [6] and inserted it in place of the GFP gene. 

Finally, I used the N. oceanica specific gene "hlr1" as a homologous recombination site, which I had been 

recommended by Daniel Huertes, postdoc at Copenhagen University, based on his earlier research. 

By taking the hlr1 sequence, dividing it in two, and placing a part at each end of my DNA construct, the 

construct is now complete and shown schematically below (Appendix 5.b): 

 
At the DNA synthesis company Genscript [18], I order my DNA construct, as well as a designed Dsup 

primer (Appendix 5.c) in plasmid form. Included in their Economy-offer is a restriction enzyme site for the 

restriction enzyme NotI in the plasmid. NotI is ordered from the science company ThermoFisher [22]. 

It's checked that NotI does not cut anywhere in my DNA construct. 

The construct is delivered in a 1 ml DNA buffer solution, with a plasmid concentration of 4 μg / ml [18]. 

The plasmid is now inserted into an E. coli bacterial colony, using the heat shock method [19]. After 

allowing the E. coli colony to grow, the DNA construct in plasmid form is collected from the colony, using 

the plasmid preparation kit. A guide to using the kit can be found here: 

https://www.addgene.org/protocols/purify-plasmid-dna/  

I now have a relatively unlimited amount of my DNA construct available, which can be purified from the E. 

coli colony. 

Then the genetic modification can begin. 

 

https://www.addgene.org/protocols/purify-plasmid-dna/
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Appendix 5.a: Template-construct on plasmid-form : 

 

 

Appendix 5.b: DNA-construct sequence 

Hlr1-part 1 

atgaaagtcaccgccgtgctctgtttgctcgccgcccctcttctggcatccgcgtttattgctcccgcccccaagg

tacgcgtacaagctagccacttgccagatttgattcgcatgcttcagaatatgtccggagggcttcaatataggct

gtctttcgtaagaaaccttttcacgccggcataagtgtatgatgaaagacttcacttcgtctgccgatctcggact

tgctgtcgtcgtcctaacttcttttccttttttgttccacgcacaggccacccgcgcccgcggcgtgatgtcgatg

gcgcagtcgaaggcccttcctttcctcaaggctcccgcgaagctggatggaagccttgcaggagactttggtttcg

accccatgggaatttcggaccaggtaggcgaagattttggtaggagccagggaggaaaggcggtaggaagggaggg

cgcggaccgagaccagtgggtcactggtgaaggtgtttccaagccgtttggttttgcgagagcaagtatagtcaat

taaaacttatccttatcctctcttggtcgtccctccttactcccaggtcgccaacctcaaatacgtccgtgcggcg

gagctcaagcactgccgcgtggcgatgcttgggttccttggctgggttgtgcagcaatatgtccaccttcccggag

agatc 

HS Terminator 

taatggatgggaagtcggtaagtgaaaagggctttgtgtaaggtggatgtcaaattttgccaacccgtgcctc

tgtgttcgcagtgtagcaaggaagcccacaccaccgcctcatattcaaatcgaaatcatcgaagaaatcggcg

aggatctcatgccccaaagctgtcatcaaatgtgtcccaccacacgaagatgccgagtaaatgacgtgagttg

tcctatgattggcaggatgtggcatttaaagtccaaaaggccctgcttggtcggtcaccttttgctcgcctcc

ccctcccgtcacaccctaaacacgaatgcagaagaaaatcatgtggggaagcaacgatttagaaatgggaatg

gaggctcttcacttcctgaatctgaccaagctggcggacacaaccgtagagggatctttgacctgcatcaata

caccgacatgttaataaatcgagtaccaaagaaaagctactgaagtcagtttcggattgtgttgtagaatctt

ttgagtcgtcactggaatgctatgctcgcttcaatcgtcgattagctttgtaaattatttctggtggcaaggc

ggggttcaagtagcaagtgggggcatggcagcacccctccgagcctcgttcgttcaggtgtttttgggacctt

tccctcccttcctgtcttcagacgcttttattttcctttccgttttctactagtgacaaaaaaagggcacaca

ctctttactcgctcacaccctcgtactcggacacgcgctgttaccgactctggtac 
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HygR 

atgaaaaagcctgaactcaccgcgacgtctgtcgagaagtttctgatcgaaaagttcgacagcgtc

tccgacctgatgcagctctcggagggcgaagaatctcgtgctttcagcttcgatgtaggagggcgt

ggatatgtcctgcgggtaaatagctgcgccgatggtttctacaaagatcgttatgtttatcggcac

tttgcatcggccgcgctcccgattccggaagtgcttgacattggggaattcagcgagagcctgacc

tattgcatctcccgccgtgcacagggtgtcacgttgcaagacctgcctgaaaccgaactgcccgct

gttctgcagccggtcgcggaggccatggatgcgatcgctgcggccgatcttagccagacgagcggg

ttcggcccattcggaccgcaaggaatcggtcaatacactacatggcgtgatttcatatgcgcgatt

gctgatccccatgtgtatcactggcaaactgtgatggacgacaccgtcagtgcgtccgtcgcgcag

gctctcgatgagctgatgctttgggccgaggactgccccgaagtccggcacctcgtgcacgcggat

ttcggctccaacaatgtcctgacggacaatggccgcataacagcggtcattgactggagcgaggcg

atgttcggggattcccaatacgaggtcgccaacatcttcttctggaggccgtggttggcttgtatg

gagcagcagacgcgctacttcgagcggaggcatccggagcttgcaggatcgccgcggctccgggcg

tatatgctccgcattggtcttgaccaactctatcagagcttggttgacggcaatttcgatgatgca

gcttgggcgcagggtcgatgcgacgcaatcgtccgatccggagccgggactgtcgggcgtacacaa

atcgcccgcagaagcgcggccgtctggaccgatggctgtgtagaagtactcgccgatagtggaaac

cgacgccccagcactcgtccgagggcaaaggaatag 

 

Ribi 

catggtcagctgctcgagggttgcgtgtgtatctgtgtgcagtggatattgttaccgagtttggtgagcgtga

gtccgttagtgccctggtggtggtggattaggagagtgggtgactcggtgtccatggctttcttcgctcatta

taggaggggaaaggaatgagggagggtggggagaccgcgtctgttgttgaccaccgatttacttcttgcctcc

cttcccctccctcccctcaatccgtacgacacaaatagtagccgagtgtctgctgcagagcgcatgattagtg

tggtagacaacgagggagggaaggatgtacagggcatggcacggagaagcgatggtggccaggaagaggagag

gtcgtgagaacaggatgtgttgcgaatggataaaaacagaaagcgatggctctgggcttcgaaagcaggggac

attaggacgtgtagaccatctcgacggatccctctgtatctctgttgtgcgtgaatgttttctgtgcacgtgt

agtgtgtgagagtagaacccgggaactcgaacagagaaaagcatgggtggctgtggtgtggaggcttcgttcc

caccacatgcccttctccttcgcctcgcctctccctgccttcttccacgcacccttgcgcccctcgttctcaa

tacctggctcacttccaccattcaaacaaccatcacgatacaggcatttatctatcgttgaagacttcttcct

ccggtagatcttagccaaggtaagaagaggggcatgcagcaaggagaaagaaatgatgcatgatgaggaatag

aaggggaggagggagggatatgatgggaagcgaaagcgcatattctggtggtctgctgcctgatggggagtct

agctgtgacactgaggacggtggctgctggtggctgcgggcgctgccttggtgatcaatgggagtaaagggag

ggaaggaggtagcgtgaacggatgacgcggagaagtttaggggtctctttacgtatcgcccctgccgcccgcc

tctctgcgataaatgtgcctgttaccctgcagcctctattcttcactgtgttcctgttttccaacagcctcta

ttcttccctgtcttttgttgcagtggcgtcatcctctctttgccccagtcgtcgttctctcgactcactcact

ccccccctccttccctccctccatccac 

 

Dsup 

atggcatccacacaccaatcatccacagaaccctcttccacaggtaaatctgaggaaacgaagaaagatg 

cttcgcaagggagcgggcaagactccaagaacgtaaccgttaccaaaggtaccggttcctccgccacctc 

agctgccattgtcaagacaggaggatcccaaggcaaagattcctctactacagcgggctcttctagtact 

cagggacagaagttcagtactacacctaccgacccgaaaactttcagctctgaccaaaaggagaaatcca 

aaagcccagccaaagaagtcccgtctggtggcgatagtaagtcccaaggtgacaccaagtctcaaagcga 

cgccaaatcttctggacaaagtcagggccagtctaaagacagcggcaaatcatcttccgacagtagcaag 

agtcactctgtcatcggagctgtcaaagacgtcgttgcaggcgccaaagatgtcgcaggaaaagccgtcg 

aggatgctcctagcatcatgcatactgcagtcgatgctgtgaagaacgcagccacgactgtgaaggatgt 
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ggcatcgtcggctgcatcgactgtggcggagaaggtagtcgatgcttaccacagtgtggtgggagacaag 

acggacgacaagaaagagggcgagcacagcggcgacaagaaggacgactccaaagctggaagtggctctg 

gacaaggtggtgacaacaagaagtctgaaggagagacttctggccaagcagaatccagctctggcaacga 

aggagctgctccagccaaaggccgtggtcgtggacggcctccagcagctgctaaaggagttgctaagggt 

gctgcaaagggcgctgccgcctccaaaggagccaagagcggtgctgaatcctccaagggaggagaacagt 

cgtcaggagatatcgagatggcagatgcttcctccaagggaggctcggaccagagggattccgcggcgac 

cgttggcgaaggtggtgcatcaggcagtgagggtggagctaagaaaggcagagggcggggcgctggtaag 

aaagcggatgcgggtgatacgtccgctgagccgcctcggcggtcgtcccgcctgacgtcttcaggtacag 

gggcgggttccgctccagctgcagcgaaaggcggagcgaagcgtgctgcttcttcctccagtacaccttc 

caacgctaagaagcaagcgactggaggtgctggcaaagctgctgccaccaaagcaactgctgccaaatcg 

gcagcctctaaagctccccagaatggcgcaggtgccaagaagaagggaggaaaggctggaggacggaaga 

ggaagtaa 

 

LDSP Terminator 

gcgatgagctcgaaagatccaagagagacgagtagagattttttttttgggattgatgtttgtcgttctttga

gttgtcgtcgagttacgccttttgtaagaatgttccgcaggagaggaggaggatgggcatgagtgagggtgag

agggcttgcccgcttttttttttaaaaacgctgaagacgtggttgtcaaacaaaccccccatagaaacgattt

tgttacggtgcggtccagacgtcacttgaatggctccgcggaaaggccagggagggaaggggggagggaggaa

acatgaaacatgttgaacggctcaacagggtttgggggacaagagaggtagcgccctgatggactgctccctc

ccctcctttccctcaatgtctcattcatccatgcttcccccttctctctctcccctccgttccatcccccgcg

ggcgtggtagtggcgtgatgggatccactaaaatgtacgtgtaagaaaagccggtgagcttacgcttttgtga

aagtgggagtacgagtgttgtgtgtgtgtgtagtggtttcagaccccagacagaggcgaagcagaaaaagcag

acgatgaagacgacgaagaaatgagcagtctatttttatcgtggaaacagaagaggtgatatcgtctcgttct

ttgttatcacctaccccgcgtgcatgtacatgcagcctttttattttgtaatctttcccgaaaaatcaaccgc

cacctcccccccgccttctctcacccatcatcttctcctgtttatcttctactttacactagatcgcatggca

catctccctcgcaatccatcggtgcaaccatcatcgatcccactcctccctccctccctccctccctcctcgc

atctcttctaagaaatccgctagtgtt 

 

Hlr1-part 2 

Tacgcagagagcaaccctctcaaggccctgaccagcgtgcccctcttaagccagattcagatcttcctgttca

tcggcgcgattgagctggcgacattagaccagacctacacggcggacaagccgtgggatttgggctttgaccc

gcttaactttagcaaggtgagttagtgagtcagcaagcaagtgcattagtgtgtacgcaagagtgtgagagtg

tgtgcgtgagtgagagagaatgtgtgcatatgaaggtatttttgtcttgagctggaaaaggcatatcataatt

gtgatccccctccacgtttcacaaagtttacggctttctttctggtcgtttctgaatccctgcagtatcggcc

ttccttatgctcatggtcctcctgcctttcctccaattcaacctacagggcaagtccgagcagcagatgaagg

atttggaagtgaaggagctcaaaaacggacgcgttgccatggtaggtaattccttcttttctctcctcattca

gtcctgagtcttcgaagaagaatttctatatcagttttactctactttttattttttttacctcaaatgtttt

tccttcctggcgaggctcaataatcgtttccctccctccttccctcccgcactccctccatccctccctcccc

agatcgccatcatgggtttgattgcccagaccctttacaccggtgttccccttttctcttaa 
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Appendix 5.c: Dsup-primer sequnce 
Dsup-primer 

atggcatccacacaccaatcatccacagaaccctcttccacaggtaaatctgaggaaacgaagaaagatg 

cttcgcaagggagcgggcaagactccaagaacgtaaccgttaccaaaggtaccggttcctccgccacctc 

agctgccattgtcaagacaggaggatcccaaggcaaagattcctctactacagcgggctcttctagtact 

cagggacagaagttcagtactacacctaccgacccgaaaactttcagctctgaccaaaaggagaaatcca 

aaagcccagccaaagaagtcccgtctggtggcgatagtaagtcccaaggtgacaccaagtctcaaagcga 

cgccaaatcttctggacaaagtcagggccagtctaaagacagcggcaaatcatcttccgacagtagcaag 

agtcactctgtcatcggagctgtcaaagacgtcgttgcaggcgccaaagatgtcgcaggaaaagccgtcg 

aggatgctcctagcatcatgcatactgcagtcgatgctgtgaagaacgcagccacgactgtgaaggatgt 

 

Appendix 6: Phase 2) Gene integration through Electroporation  

Since N. oceanica is naturally a marine alga, a colony of these is grown in a saltwater bath with a salinity 

corresponding to the sea salt content of 3,5% . 

However, to prevent the electroporator from short-circuiting during the electroporation, all salt must be 

removed from algae and electroporation medium. 

The electroporation medium consists of 384 mM sorbitol dissolved in ion-exchanged water. 

Sorbitol is added to the electroporation medium to avoid algae death caused by osmotic stress when the salt 

is removed from the algae.  

The algae are purified of salt by centrifuging the algae solution, after which the now supernatant is discarded, 

and the remaining algae concentrate is diluted with the electroporation medium. 

This is repeated four times to make sure that all the salt has been removed. 

Now the restriction enzyme NotI is added to the plasmid solution, whereby my DNA construct is cut out of 

the plasmid and thus is ready to be inserted into the algae in linear form. 

DNA construct and algae cells are added to the electroporation medium in an electroporator cuvette, which is 

inserted into the electroporator itself. 

The electroporation is performed with a single shock of 2500 V. Here, pores in the cell membranes are 

opened and the DNA will be able to diffuse into the cytoplasm. 

The algae in the electroporation medium are transferred to a saline flask with light and nutrients, where they 

can grow for 24 hours. During the first mitotic division, the DNA construct can be homologously 

recombined with the algal genome.  
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Appendix 7: Phase 3) Selection 

During electroporation, only a very small amount of the algae cells has taken up the DNA construct in their 

genome. About 0.5%. However, this is abundant as there could easily have been millions of algae cells 

during the electroporation. 

The non-mutated algae are selected by preparing a selection medium consisting of a mixture of agar and 

brine. 

Hygromycin B is added to the agar-saline mixture until the concentration is 50 μg / L, which is enough to kill 

the non-resistant cells. 

The selection medium is heated and added to a petri dish, which is then cooled. 

The algae, which have now been growing for 24 hours, are centrifuged again, after which the algae 

concentrate is applied to the selection medium. 

After growing on the selection medium for 3 to 4 weeks, now only algae that have absorbed my DNA 

construct and thus express Hygr will be left on the selection medium as small colonies. 

Each colony is transferred to a labeled culture flask to grow. 

A sample from each colony is taken to see if the DNA construct is inserted at the correct site in the genome, 

thereby expressing Dsup, using colony PCR. 

Each algae sample is heat lysed, after which Dsup primer, the restriction enzyme NotI and DNA polymerase 

are added to each algae sample. If the gene is inserted correctly, the Dsup gene will be present in the PCR 

solution, which could be scanned by a PCR program. 

If Dsup is present in the PCR solution, Dsup in N. oceanica has been successfully integrated at this stage and 

as the algal colonies have grown on the selection medium, it has been ensured that the genetically modified 

cells have inherited the Dsup gene to their offspring, as cell division must have taken place in this process. 

With this, the main purpose of my experiment is now achieved. 

 

Appendix 8: Phase 4) Irradiation 

To demonstrate the insertion of Dsup into N. oceanica, I will expose two or more genetically modified and 

two or more naturally occurring colonies to IR. 

At my Gymnasium I have access to 8 radioactive sources of the type γ-radiation. Although the radiation on 

Mars consisted of 90% protons, γ-radiation can still be representative, as it is simply the difference in 

response to a given amount of IR in the algal colonies that I am looking for. 

Upon irradiation, 5 g of algae concentrate from each colony is smeared on an agar plate spread over 10 𝑐𝑚2, 

after which four radioactive sources will be directed at the plate. 

By exposing each sample to four sources for 5 days, these will, in theory, have received about 0.5 Sv. 

By calculating the equivalent radiation dose for Mars' surface, it is seen that the algae samples are exposed to 

an equivalent radiation dose corresponding to a stay of approx. 230 days on Mars' surface (See Appendix 8.a 

for calculations). However, it should be made clear that it can in no way be compared to a stay on Mars' 

surface, as many other biological, harmful factors will also come into play. 

However, it should be a sufficient dose of IR, to see differences in the growth of the different algae colonies. 

One can now qualitatively look at the size and density of the algae colonies and quantitatively count algae 

cells per surface area under a microscope. 

Then the data processing will start. 
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Appendix 8.a: Dose of radiation during exposure to four 𝛾-sources for five days.   

Energy pr. second for each of the school's γ-source in the year 2021 is given by 
3,6·10−8𝐽

𝑠
 

Joule pr. kg per second is found by multiplying 
1

𝑘𝑔
 on the energy per second. The algae weighed 5 g: 

3,6 · 10−8𝐽

𝑠
·

1

0,005 𝑘𝑔 
≈ 7,2 · 10−6 ·

𝐺𝑦

𝑠
 

However, my algae sample forms only a small part of the sphere in which the source emits radiation. The 

energy that hits the sample is found by dividing the area of the algae sample by the area of the sphere. 

By placing each source 4,5 cm from the 10 𝑐𝑚2 algae sample, the algae receive: 

10 𝑐𝑚2

4·𝜋·(4,5·𝑐𝑚)2 ≈ 4% of each source’s total irradiation 

Which is equal to: 

7,2 · 10−6 ·
𝐺𝑦

𝑠
· 0,04 = 2,88 · 10−7 ·

𝐺𝑦

𝑠
  frome each source. 

After five days, an algae colony would have received: 

(2,88 · 10−7 ·
𝐺𝑦

𝑠
· 4) · (60 · 𝑠 · 60 · 24 · 5) ≈ 0,49 𝐺𝑦 

𝛾-radiation has a quality factor, Q, of 1, so the equivalent radiation dose that the algae samples receive from 

four 𝛾-sources over five days is: 

𝐺𝑦 · 𝑄 = 𝑆𝑣 

0,49 𝐺𝑦 · 1 = 0,49 𝑆𝑣 

The daily radiation on Mars' surface had been measured at an average of 210
𝜇𝐺𝑦

𝑑𝑎𝑦
 . 

The radiation consists of 90% of protons, which has a quality factor of 10. Thereby, the equivalent radiation 

dose received during the day on Mars is calculated around: 

210
𝜇𝐺𝑦

𝑑𝑎𝑦
· 10 = 2100

𝜇𝑆𝑣

𝑑𝑎𝑦
 

On Mars' surface, an equivalent radiation dose of 0.49 Sv corresponds to: 
0,49 · 𝑆𝑣

2100 · 10−6 ·
𝑆𝑣

𝑑𝑎𝑦

≈ 233,33 𝑑𝑎𝑦𝑠 

The algae samples thus receive an equivalent radiation dose corresponding to a stay of approximately 230 

days on Mars' surface. 


