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Multimodal analysis of the Caenorhabditis elegans lipid molecular profile
(Caenorhabditis elegans \Z331F % J58E 57 FAERL D~ /L F & — NRHT)
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Chapter 1 introduces the thesis and research that was performed in this project as well as its main goals.

Chapter 2 explains the background of this research, advances in the relevant fields until now, and any present gaps
that require further research. The background is separated into the biological explanations of C. elegans research and its
potential and uses as a model organism. The second part expands on the technical aspects of this research, more
specifically introducing nanodiamonds and their use as quantum thermometers in biological systems, and mass
spectrometry imaging and its use in the visualization of lipid distributions in biological samples.

Chapter 3 explains the methodology used in this project. Some of the methods were performed based on previous
publications with modifications specific to C. elegans analysis, while others were fully developed within the scope of
this thesis. To visualize the distribution of lipids in the nematodes using MSI, we developed a sectioning method that
allowed the preservation of internal structures of the nematodes which were later used for correlation in multi-modal
analysis and 3D reconstruction. Protocols were developed for the local heating of nematodes, followed by their retrieval
and staining to demonstrate lipid changes. The precision of the heating was additionally controlled and calibrated using
nanodiamond-fed nematodes and an area heating system developed by the research group.

Chapter 4 presents the first major part of the results. The multi-modal analysis approach is explained, as well as how
it was achieved. This part of the research also serves as the foundation for later experiments. The developed method was
first tested for reproducibility to determine its suitability for further studies using larger amounts of samples. To show
the usability of the preparation method for different analysis methods, the samples were analyzed using MSI, ORO and
H&E staining, and further verified by LC-MS analysis. The results show the capability of multi-modal image analysis
correlating internal nematode structures with a variety of lipids, as well as the subsequent 3D reconstruction of the
nematode, allowing for more in-depth visualization of lipid distributions through the nematode body.

Chapter 5 dives into the temperature modulation of C. elegans. It demonstrates the effect of global temperature
manipulation on the lipid profile of the nematodes, and current developments in the local temperature manipulation. To
establish the applicability of the previously described MSI and ORO stain methods for detecting differences in lipid
amounts, global temperature manipulation was performed using three different culturing temperatures and two strains
of C. elegans. Here, it could be seen that the intensity of lipid signals can indicate the changes in lipid amounts in the
nematodes. Once this was established, further work could be performed using local temperature manipulation that
allowed for the heating of specific parts of the nematodes. Following the heating, the C. elegans were retrieved and
stained using the ORO method to first show overall changes in the lipid levels.

Lastly, Chapter 6 will summarize the research and discuss both the current limitations and future prospects based on

this work.
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