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Deliverable 3.2  
 

D3.2: Photochemical production of amphiphiles and DNA ligations 

The goal of this deliverable was to prove that both the production of chemicals and the alterations of 

tags on the chemtainer surface could be carried out simultaneously. That is, it entailed adjusting 

reaction conditions for both reactions for their concomitant implementation within one single 

chemtainer. Indeed, the development of each reaction set-up had been geared towards optimizing 

separately the yields until that time. For example, the formation and stability of the fatty acid 

chemtainers were improved by using a phosphate buffer (pH 7.0 to 7.25), whereas the DNA ligation 

was shown to be more efficient in HEPES buffer (pH 8.0). While both buffers have a comparable 

efficiency range, they are chemically so different that their impact on the other reaction/process had to 

be carefully examined. The presence of fatty acid molecules close to the ligation point could also lead 

to decreasing yields for the tag alteration. 

The first DNA ligation was tested in various systems that could be more compatible with the stability 

of the chemtainers: Imidazole  (pH 6.5-7.0) and Tris (pH 6.8 to 7.2) buffers, as well as unbuffered 

aqueous solution. The phosphate buffer was left out on the ground that we have experienced in non-

enzymatic RNA polymerization from imidazole activated monomers the extensive formation of 

pyrophosphate dimer products.   The Imidazole buffer was the most conducive one to the ligation, but 

clearly less efficient than HEPES. In addition, the photolysis reaction presented the telltale signs of 

decomposition, which were absent in HEPES systems. The pH of the reaction in HEPES buffer was 

optimal at 8.0, both in terms of reactivity of the reactants and their sensitivity to hydrolysis. However, 

the reaction could be carried out at lower pH resulting in lower yields, but in increased stability of the 

chemtainers.  

The pH 8.0 issue for the chemtainer stability could also be resolved by using co-surfactants such as 

monoalkyl glycerols (i.e., a fatty acid ester from glycerol). Indeed, these co-surfactant have been 

shown in our group to stabilize fatty acid structures at pH up to 9.0. The HEPES buffer was 

investigated in terms of the formation and stability of the decanoic acid chemtainers and it was 

established that it was conducive to their preservation. 

The impact of fatty acid molecules close to the ligation point could not be ascertained directly. 

However, our work on non-enzymatic RNA polymerization from imidazole activated monomers in the 

presence of fatty acid bilayer matrices has shown that fatty acid bilayers do not preclude the 

polymerization of the imidazole activated monomers. 

The next challenge was related to the insertion and retention of the DNA tags within the fatty acid 

bilayers. The normal tethering strategy (also called anchoring) by derivatization of the DNA 3´or 5´-

end with a hydrocarbon chain was unsuccessful due to the high solubility of the DNA moiety. The 

development of new anchors based on bola-amphiphiles (an amphiphile with two headgroups flanking  

its hydrophobic moiety, Fig. 3.1) according to click 

Figure 3.1: DNA tethering by bola-

amphiphiles: A) Synthesis by Click-

chemistry. B) Schematic 

representation of the Fatty-acid 

interactions in the membrane. C) The 

amphiphilic DNA synthesized and 

their potential positioning in the fatty 

acid bilayers (grey rectangles: the 

hydrophilic headgroup layers and in 

white the hydrophobic core). 
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chemistry was undertaken and we demonstrated that some of the synthesized anchors, in particular the 

one obtained from the reaction between 20-Azido-icosane-1-ol and hexynyl derivatized DNA (Figure 

3.1, upmost right molecule), could reliably tether a 15 mer DNA with its complementary strand in the 

decanoic acid membranes (Figure 3.2). 

 

Concomitant production of amphiphiles and alteration of DNA tags 

Due to the problems encountered in the reliable insertion of the DNA tags in fatty acid vesicles, the 

simultaneous amphiphile production and DNA reprogramming were carried out as followed: the 

reaction were started in a sample containing amphiphile and DNA precursors (i.e., picolylcarbamate 

oligomers), but no preformed chemtainers. Upon irradiation, it was shown that both reactions 

proceeded simultaneously. Unfortunately, at this time, problems of reproducibility are plaguing these 

experiments that are however not due to chemical incompatibilities, but rather problems with the 

purity of some of our compounds. Nevertheless, the simultaneous performance of two reactions that 

are light-driven and can lead to the replication of the chemtainers and their DNA tags seems to be 

achievable as conditions have been found, which support both reactions. 

 

Using on the one hand, the bead-supported fatty acid chemtainers to strengthen the chemtainer and 

improve their half-life time and the bola-amphiphile derivatized DNA tags will further allow us 

delivering the intended systems. As the two main collaborators on the project (Ph.D. students P.M.G. 

Löffler and A.N. Albertsen) are continuing the investigation of the systems, we will certainly within 

the next months be able to resolve the issues and demonstrate the simultaneously production of 

amphiphiles and the replication of DNA tags within a single chemtainer. 

 
 

     

  
Figure 3.2: Insertion of the proposed derivatized DNA: The location of the DNA is established by 

hybridization of a fluorescent complementary strand. First row, Left to right: FLinT 6, 7, 11 and 

12. In the three first micrographs, the vesicles are visible as shadows indicating the absence of 

accumulation of the derivatized DNA, while the membranes of the chemtainers are clearly 

highlighted by the fluorescent DNAs indicating the accumulation of FLinT 12 in the chemtainer 

bilayers (last picture). Second row, left: FLinT 12 with a complementary fluorescent DNA; right: 

FLinT 12 with a non-complementary fluorescent DNA. For all pictures, same bar = 10 µm. 

  


