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1.  Abstract in Greek- Περίληψη στα ελληνικά 
 

 

Στον τομέα της μοριακής βιολογίας, η αιτιώδης σχέση μεταξύ των τροποποιήσεων της 

χρωματίνης και του μεταβολισμού των λιπιδίων έχει συγκεντρώσει σημαντική προσοχή. Η 

χρωματίνη, το ικρίωμα του γενετικού μας κώδικα, μπορεί να υποστεί πολλαπλές χημικές 

και δομικές αλλαγές, που είναι στενά συνυφασμένες με μεταβολικές διεργασίες. Οι 

διατροφικές συνήθειες και η πρόσληψη τροφής μπορεί να εισάγουν όχι μόνο απαραίτητα 

θρεπτικά συστατικά αλλά και επιγενετικούς ρυθμιστές, που δύναται να επηρεάσουν 

σημαντικά το επιγένωμα του οργανισμού. Είναι ενδιαφέρον ότι τα λιπίδια δεν χρησιμεύουν 

μόνο ως ζωτικές πηγές ενέργειας, αλλά δρουν και ως μόρια σηματοδότησης, 

ενορχηστρώνοντας μια πληθώρα κυτταρικών μονοπατιών και επηρεάζοντας διάφορες 

φυσιολογικές διεργασίες. Ταυτόχρονα, τα λιπίδια διαμορφώνουν τον επιγενετικό έλεγχο 

του μεταβολισμού, δημιουργώντας έναν κύκλο ανατροφοδότησης, όπου ο μεταβολισμός 

κατευθύνει την τύχη των λιπιδίων, η οποία στη συνέχεια επηρεάζει αμοιβαία τις 

επιγενετικές τροποποιήσεις, διατηρώντας έναν κύκλο δυναμικής ισορροπίας. Παρά την 

αυξανόμενη κατανόηση αυτής της αλληλεξάρτησης, ο ρόλος συγκεκριμένων επιγενετικών 

παραγόντων στη ρύθμιση των γονιδίων που σχετίζονται με τη μεταβολική επεξεργασία 

των λιπιδίων, ιδίως των μονοακόρεστων λιπαρών οξέων, παραμένει ένας τομέας που 

χρήζει βαθύτερης διερεύνησης. Στην εν λόγω μελέτη, χρησιμοποιούμε στελέχη C. elegans, 

συμπεριλαμβανομένου του άγριου τύπου N2 και στελέχη knockout για συγκεκριμένους 

επιγενετικούς ρυθμιστές, ώστε να διερευνήσουμε τις επιδράσεις μιας διατροφής υψηλής 

περιεκτικότητας σε λιπαρά οξέα στη μακροζωία και στη μιτοχονδριακή ομοιόσταση. Υπό 

συνθήκες διατροφής υψηλής περιεκτικότητας σε λιπαρά οξέα, το στέλεχος N2 παρουσίασε 

μειωμένη μέση διάρκεια ζωής, ενώ τα στελέχη knockout εμφάνισαν ανθεκτικότητα. 

Επιπλέον, τα μεταλλαγμένα στελέχη εμφάνισαν σημαντική μείωση των επιπέδων 

μιτοχονδριακών δραστικών ειδών οξυγόνου κατά την παροχή διατροφής υψηλής 

περιεκτικότητας σε λιπαρά, σε αντίθεση με το στέλεχος Ν2. Οι παρατηρήσεις αυτές, αν και 

εύστοχες, αντιπροσωπεύουν μόνο ένα κομμάτι ενός ευρύτερου επιστημονικού αινίγματος 

γύρω από τον μεταβολισμό και την επιγενετική. Η αποκάλυψη αυτών των μηχανισμών θα 

μπορούσε ενδεχομένως να οδηγήσει στην ανάπτυξη νέων θεραπευτικών προσεγγίσεων 

που στοχεύουν σε πολλαπλές μεταβολικές διαταραχές, όπως η παχυσαρκία και οι 

δυσμενείς επιπτώσεις της. 
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2.  Abstract 
 

 

In the field of molecular biology, the causal relationship between chromatin changes and lipid 

metabolism has gathered significant attention. Chromatin, the scaffold of our genetic code, 

can undergo multiple chemical and structural modifications that are tightly intertwined with  

metabolic processes. Dietary habits and food intake may introduce not only essential 

nutrients but also epigenetic modulators, that can greatly impact the epigenetic landscape of 

the organism. Interestingly, lipids do not only serve as vital energy reservoirs, but also act as 

signaling molecules, orchestrating a plethora of cellular pathways and influencing various 

physiological processes. Concomitantly, lipids modulate epigenetic control of metabolism, 

creating a feedback loop, wherein metabolism directs lipid fate, which then reciprocally 

affects epigenetic modifications, sustaining a cycle of a dynamic equilibrium. Despite the 

growing understanding of this interdependence, the role of specific epigenetic factors in 

regulating genes associated with metabolic processing of lipids, in particular 

monounsaturated fatty acids, remains an area warranting deeper exploration. Here, we 

recruit C. elegans strains, including N2 wild-type and epigenetic regulator knockouts, to 

investigate the effects of a high-fat diet on longevity and mitochondrial homeostasis. Under 

high-fat dietary conditions, the N2 strain exhibited reduced mean lifespan, whereas the 

knockout strains showed resilience. Additionally, mutant strains displayed a significant 

reduction in mitochondrial reactive oxygen species levels upon high-fat diet treatment, 

contrary to the N2 strain. These observations, while insightful, represent only a fragment of 

a broader scientific enigma surrounding metabolism and epigenetics. Unraveling these 

mechanisms could potentially lead to the development of novel therapeutic approaches 

targeting multiple metabolic disorders, like obesity and its adverse effects. 

 

 

 

 

  



7 
 

BACHELOR THESIS- MAGDALINI GIANNOPOULOU 
 

3.  Abbreviations in alphabetical order  
 

ANOVA= Analysis of Variance 

CRISPR/Cas 9= Clustered Regularly Interspaced Short Palindromic Repeats- Caspase 9 

daf-16= decay-accelerating factor 16 gene 

daf-2= decay-accelerating factor 2 gene 

DTC= distal tip cell 

EMS mutagenesis= Ethyl methanesulfonate mutagenesis 

GFP= Green Fluorescence Protein 

HATs= Histone Acetyltransferases 

hda-2= histone deacetylase 2 gene 

HDAs= Histone Deacetylases 

HDMs= Histone Demethylases 

HFD= High- Fat Diet 

HKMTase= Histone Lysine Methyltransferases 

HMTs= Histone Methyltransferases 

hsf-1= heat shock factor 1 gene 

KMTs= Lysine Methyltransferases 

KO= knockout 

LoxP= locus of X-over P1 site 

MUFAs= Monounsuturated Fatty Acids 

NAFLD= Non-Alcoholic Fatty Liver Disease 

neoR= neomycin resistance 

ORF= Open Reading Frame 

ROS= Reactive Oxygen Species 

RT- qPCR= Real Time quantitative Polymerase Chain Reaction 

RT= Room Temperature 

S/MARs= Scaffold/ Matrix Attachment Regions 

SAMs= S-adenosyl methionine 

set-14= SET-domain containing methyltransferase gene 
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set-18= SET-domain containing methyltransferase gene 

set-30= SET-domain containing methyltransferase gene 

set-4= SET-domain containing methyltransferase gene 

skn-1= skinhead 1 gene 

sod-3= superoxide dismutase 3 gene 

TADs= Topologically Associated Domains 

UTR= Untranslated Region 

  



9 
 

BACHELOR THESIS- MAGDALINI GIANNOPOULOU 
 

4.  Introduction 
 

 

4.1.  Caenorhabditis elegans 
 

 

4.1.1.  Biological characteristics of the nematode Caenorhabditis elegans 
 

Caenorhabdit is elegans , commonly referred to as C. elegans , is  a 

species belonging to the Phylum Nematoda, which was first identified and 

described by Émile Maupas in 1900. 1 Since then, C. elegans  has undergone 

extensive nomenclatura l and taxonomic alterations,  evolving from a 

relatively obscure nematode species to a central model organism in modern 

biological research. It wasn’t until 1974 that C. elegans  was established as 

a useful model organism for neurodevelopmental biology and the study of  

genetics. 2 

C. elegans  is  a tiny non-parasitic multicellular organism, measuring 

approximate ly no more than 1 mm in s ize and 0.1 mm in diameter (adul t  

animals). The nematode resides in the soil,  occupying niches enriched in  

microorganisms, as it is  bacterivorous. This suggests that its principa l  

source of nutrition are various bacterial strains found naturally in  its 

surroundings. 3 For experimenta l purposes in the laboratory, C. elegans  

feeds monoxenical ly on Escherichia coli wild-type bacterial strain OP50,  

cultured in Luria-Bertani (LB) medium. 4 E. coli OP50 bacteria exhibit a uraci l  

auxotrophy phenotype and a restricted growth on NGM (Nematode Growth 

Medium) plates. 5 After seeding NGM plates with liquid OP50 bacter ia l  

culture, worms can be placed on top of the lawn and maintained at a 

consistent temperature, typically at 20°C. 3 

Despite displaying a rather s imple structure compared to other  

multicellular organisms, C. elegans  appears to have a well-organ iz ed 

anatomy 6, adapted to effic iently support the nematode’s range of functions .  

The hermaphrodite C. elegans  precisely consists of 959 somatic cells,  

whereas for its male counterpart the number rises to 1031. 3 

Five major types of tissues collectively make up for the nematode’s  

cylindrical body (Figure 1) . The hypodermis  consists of cellular layers that  

cover the worm externally, providing it with the necessary structural suppor t  

and protection from dehydration. Underlying hypodermal cells secrete a 

plethora of substances, such as cross-linked collagens and glycoprote i ns  

that line the worm’s exterior. This matrix is known as the cutic le and, similar  

to mammalian skin, constitutes a physical barrier by impeding environment a l  

stresses (e.g. chemicals, UV radiation, etc.) from entering the body. 6,7 
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Underneath the hypodermis lies  the muscle tissue, which is organized in  

longitudina l bands and circular rings. Muscle tissue allows not only for the 

sinusoidal locomotion of the worm, but is also critical for performing severa l  

functions, such as pharynx movements during bacterial grinding. 6,8,9 The 

worm's sensory and motor abilities are orchestrated by the neuronal tissue 

concentrated in the head and tail regions. Hermaphrodite and male 

nematodes have a total of 302 and 385 neurons , respectively. Extens ive 

electron microscopy studies have been carried out in order to effective ly 

charter the nematode’s unique  neuronal network. 3,6,10 Further within the 

nematode’s body, the intestine is a tubular structure that extends from the 

mouth (anteriorly) to the anus (posteriorly). The intestine is responsible for  

multiple functions, including food digestion, nutrient absorption, excrement  

elimination, pathogenic avoidance, immunity and host defense. 6,11,12 Finally,  

the C. elegans  gonad is a highly organized bilateral ly symmetrical structure 

that plays a central role in reproduction. In hermaphrodites, the gonad 

produces both oocytes and sperm, with sperm production occurring during 

the larval stages and oocyte production dominating in adulthood. In contrast ,  

male C. elegans  animals have a simpler gonad that produces only sperm,  

which is used to fertilize hermaphrodi te oocytes during mating. 13 

 

 

 

Figure 1 The internal tissues and structures in A. hermaphrodite and B. male nematodes. In section C. we 

observe a cross-section through the anterior region of the C. elegans hermaphrodite. DNC – Dorsal Nerve 

Cord, VNC – Ventral Nerve Cord. (Source: Corsi et al., 2015 – see references) 
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4.1.2.  Reproductive system  
 

The reproductive system of the nematode C. elegans has been a subject of extensive 

research due to its significance in understanding developmental biology and cellular 

mechanisms. Similar to most animals, from simple invertebrates to complex vertebrates , 

gonads constitute the primary reproductive organs where gametogenesis and fertilization 

can take place. 6,14  

Hermaphrodites have the ability produce both egg cells and sperm, making them able 

to either self-fertilize or cross-fertilize with other males to introduce genetic diversity. A 

wild-type N2 worm can produce approximately 300 offspring through self-fertilization and 

more than 1000 offspring when mated with a male. Hermaphrodite animals have two 

copies of the sex chromosome (XX) and are, thus, diploid. 3,4 The hermaphrodite gonad 

consists of two arms forming a U-shape structure. (Figure 2) Each arm contains a distal tip 

cell (DTC) that promotes the mitotic proliferation of germ cells. As these germ cells move 

away from the DTC, they enter meiosis and differentiate into oocytes. 6,15,16 Before oocyte 

production, hermaphrodites undergo a phase of sperm production. Sperm cells are stored 

in the spermatheca, a specialized organ, until they are used to fertilize the oocytes. 6 After 

fertilization, the zygote travels to the uterus and starts the process of embryonic growth.  

Apart from germ line cells, hermaphrodite gonad also consists of the somatic gonad. The 

somatic gonad in C. elegans combined with the gonadal sheath (layer of somatic cells that 

surround the germline), form a component of the reproductive system that provides 

structural support and plays a pivotal role in regulating germline development, by 

managing oocyte maturation, entry, and the exit of the fertilized embryo into the uterus. 15  

 

 

 

Figure 2 Adult hermaphrodite, lateral view, left side, showing the location of the reproductive system 

within an intact animal. The reproductive system has twofold symmetry and consists of two U-shaped 
gonad arms joined to a common uterus. The reproductive system opens to the environment via the vulva, 
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located in the ventral midbody. (Bottom) One half of the reproductive system, enlarged and separated from 

other body parts. (DTC) Distal tip cell; (DG) distal gonad; (PG) proximal gonad; (Sp) spermatheca; (Sp-ut) 

spermathecal-uterine valve (In WormAtlas. doi:10.3908/wormatlas.1.21)  

 

Males in C. elegans occur infrequently, appearing at a rate of just 0.1%. They only 

bear one copy of the X chromosome (XO) and are solely dedicated to producing sperm. 4 

Unlike hermaphrodites, males do not produce oocytes and rely on finding potential mates 

for reproduction. The male reproductive system is geared towards the production and 

transfer of sperm to hermaphrodites during mating. 

Oocytes undergo fertilization as they traverse the spermatheca, a specialized 

compartment where sperm cells are stored. Following fertilization, embryos move to the 

uterus, where they develop up to the 30-cell stage. Subsequently, they are expelled as 

eggs into the external milieu via the vulva. 14,15 The rate of egg-laying varies according to 

age of the nematode. As documented in existing literature, egg-laying commences 

approximately 60 hours (~2.5 days) post-egg stage when maintained at 20°C, peaks 

around 90 hours and then diminishes, ceasing entirely by 120 hours. 6,14,15,17 

 

 

4.1.3.  Life Cycle  
 

The life cycle of C. elegans starts with embryogenesis. Following fertilization, the egg 

undergoes a series of cell divisions, leading to the emergence of a larva. Subsequent to egg 

hatching, the organism progresses through four distinct larval stages, designated as L1 to 

L4. Each of these stages is demarcated by a molt, a process which involves the worm 

discarding its cuticle during development. 2,4 In response to adverse environmental 

conditions, such as scarcity of food or overcrowding of population, C. elegans is triggered to 

enter an alternative developmental stage known as the dauer stage (L3 phase). During this 

stage, worms are conserving their resources, while simultaneously being highly resistant to 

stress factors. Upon the amelioration of environmental conditions, dauer larvae revert to their 

developmental trajectory, transitioning to the L4 stage. 6,18 Upon reaching the end of the L4 

stage, nematodes attain adulthood. (Figure 3) As adults, these nematodes are fecund, with 

the capability to produce progeny. The lifespan of C. elegans, under standard laboratory 

conditions, lasts approximately 3 weeks. However, it's worth noting that both environmental 

and genetic factors can influence this duration. 2,4,6 
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Figure 3 Life cycle stages in C. elegans. The eggs, the four larval stages, the dauer stage, as well as the 

adult animals (hermaphrodite and male) are distinguished. (Source: Corsi et al., 2015) 

 

 

4.1.4.  Caenorhabditis elegans as a valuable tool in biological research, 

epigenetic and metabolic studies 
 

 

In recent years, C. elegans has emerged as a crucial model organism in the study of 

diverse scientific fields, such as neurobiology, developmental, chemical and molecular 

biology, as well as medicine for the understanding of various human diseases. 6,19,20 Its 

facilitated manipulation in biological research is attributed to several distinctive 

characteristics.  

First of all, the nematode’s ease of breeding and low-cost of maintenance in laboratory 

settings provide a robust foundation for exploring intricate in vivo biological processes. This 

is further complemented by its transparent anatomy, making real-time observations of cellular 

events feasible. 3,4,6 In terms of genetics, C. elegans has a well-defined genetic background, 

as its relatively low complexity allowed for genetic mapping and complete genome 

sequencing. Additionally, the worm’s genome bears a significant degree of similarity to that 

of humans, since it possesses orthologues for about 40% of the genes responsible for human 

diseases. Notably, the significance of C. elegans as a model system is highlighted by the fact 
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that many of its molecular pathways are analogous to those in higher species, including 

humans. 3,4,20 

In the field of metabolic studies, the global rise in metabolic disorders, such as obesity 

and its associated health risks, have urged for a profound understanding of the molecular 

pathways governing fat storage and lipid metabolism. C. elegans has been instrumental in 

this regard, because it showcases similarities to mammalian fundamental signaling pathways 

regarding fat accumulation and processing. Both genetic and environmental factors, influence 

fat storage in C. elegans, thus providing a holistic view of the complex interplay between 

metabolism and gene regulation. 21 
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4.2.  Chromatin organization and dynamics 
 

 

4.2.1.  Basic chromatin structure: DNA, histones and nucleosomes 
 

 

The eukaryotic nucleus serves as a repository of genetic information encoded in DNA. 

DNA molecules within our cells are not found as lengthy threads in an amorphous state. 

Instead, they are organized and packaged into a dynamic structure known as chromatin. 

Genome compaction does not only ensure its efficient protection from external physical 

and chemical damage, but also plays a crucial role in regulating gene expression, assisting 

the precision of DNA replication, and orchestrating several DNA repair mechanisms. 22,23 

Chromatin is an intricate and dynamic structure composed of DNA and proteins, also 

known as histones, that condense to form chromosomes. Histones are alkaline proteins 

that assemble into an octameric complex, around which DNA is wrapped to form 

nucleosomes. (Figure 4) There are five distinct categories of histones: H1, H2A, H2B, H3, 

and H4. The histone octamer complex consists of two copies each of the four core 

histones: H2A, H2B, H3, and H4. These histones interact together so as to form a joint 

disc-shaped structure, where approximately 147 base pairs of DNA are wound in almost 

two superhelical turns. For the purpose of chromatin stabilization and support of higher-

order chromatin organization, we encounter the linker histone H1, whose function is to link 

to the DNA as it enters and departs the nucleosome. 24,25 Importantly, the nucleosome 

comprises the basic repeating unit of chromatin. 
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Figure 4. Nucleosome structure. a, Nucleosome disc view (histone octamer) and DNA. b, Electrostatic 

potential of the nucleosome surface. c, Nucleosomal DNA and linker DNA. Nucleosomal DNA (145–147 bp) 
can be divided into two gyres (approximately 72 bp each). Linker DNA is the extranucleosomal DNA, which is 

located next to the entry–exit site of nucleosomal DNA. (Source: Zhou et al., 2018) 

 

Histones are highly conserved proteins in higher organisms (Figure 5), underscoring 

their fundamental importance in DNA organization and regulation of gene expression. 

Firstly, their homology among eukaryotic species, including Homo sapiens and 

Caenorhabditis elegans, does not only refer to their amino acid sequences but also to their 

tertiary structures and functions. Secondly, these proteins are prone to diverse post-

translational modifications, influencing cellular processes. Their conservation allows for 

their study in a variety of organisms, shedding light on universal epigenetic mechanisms, 

as discussed below. 25–27 Tight wrapping of the DNA is made possible because of intense 

hydrogen bonds paired with electrostatic forces during the interaction of the positively 

charged histone proteins with the negatively charged nucleic acid. The phosphate 

backbones of the double helix are brought closer together by the bent conformation of 

DNA, which is kept in place by the positively charged side chains of the amino acid 

residues lysine and arginine, therefore neutralizing the negative charges. 28,29  

 

Figure 5 The above shown histone variants contain a highly conserved histone fold domain and vary 
mainly in their C- and N-terminal sequences. Figure depicts a schematic comparing histone variant 

sequences. Boxes represent the histone fold domain and orange lines represent site-specific sequence 

variations. Histones that are in different shades of the same color are from the same histone family but have 
large differences in sequence. (Source: Liu et al., 2018) 
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4.2.2.  Principles of static and dynamic DNA packaging 
 

 

As mentioned above, DNA undergoes a multi-level packaging process that involves 

the compaction of DNA several thousand fold times, with the aid of histones and/or non-

histone proteins, thus ensuring efficient storage and functionality. Depending on the stage of 

the cell cycle, chromatin can be encountered in different structural forms, ranging from a 

relaxed and diffuse state to a highly condensed and organized configuration. This is achieved 

by certain histone-modifying enzymes, whose activity fluctuates in a cell-cycle dependent 

way. 30 Following nucleosome formation, we encounter the primary DNA compaction level in 

eukaryotic cells, the 10nm fiber. In this configuration, also known as the ‘beads-on-a-string’ 

structure due to their distinctive appearance in electron micrographs, nucleosomes are 

separated by linker DNA segments, ranging from 10 to 60 base pairs in length.  

The transition from the 10 nm fiber to the 30 nm fiber is executed by the linker histone, 

H1, that further recoils linker DNA. There is still uncertainty among the scientific community 

about the exact model of this configuration, however it is implicitly believed to maintain either 

a solenoid structure, meaning a single continuous helix, or a ‘helical ribbon’, where two 

strands of chromatin fiber are wound around one another. These come as a result of 

internucleosomal interactions, which are directly dependent on the length variability of the 

linker DNA, as long as the presence of other chromatin-associated proteins. 31 This structure 

adopts a helical arrangement of nucleosomes, with six nucleosomes per turn in some models. 

Contrary to the 10nm fiber chromatin configuration, which is observed to be more 

transcriptionally active, the 30nm fiber remains repressive (Figure 6). 32 

 

 

 

Figure 6 Models of chromatin organization. (A) 10 nm fibre. (B) Side-view of a 30 nm fibre or solenoid. (C) 

Top-down view of the solenoid. (D) Zig-zag model of the 30 nm fibre. (E) Interdigitation of two 10 nm fibres 
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(blue against green) forming a boustrophedon. Numbered circles are nucleosomes in an array; red arrow 

follows the path of the DNA; blue arrow represents a gene promoter. (Source: Quénet et al., 2012) 

 

 Beyond the 30 nm fiber, chromatin is subjected to additional compaction, adopting 

higher-order structures which are important for both transcriptional regulation and the 

segregation of chromosomes by the mitotic spindle during cell division. The nuclear matrix is 

thought to provide attachment points for chromosomal DNA. Chromatin loops, which may be 

tens to hundreds of Kbp long, are formed as an initial step for the achievement of a higher-

order structure. These loops are supported at their bases by scaffold or matrix attachment 

regions (SARs or MARs) to a nuclear matrix or scaffold. S/MARs are 100-1000 bp long AT-

rich regions on the genome. They work by bringing distant regulatory components into close 

proximity with their target genes, contributing to the overall regulation of gene expression 

(Figure 7). The formation of chromatin loops has also been verified from chromatin 

immunoprecipitation (ChIP) assays. 33 34 

 Similar to chromatin loops, we encounter other chromatin domains, which are 

characterized by specific histone modifications and bound proteins. Topologically Associated 

Domains (TADs) are a noteworthy example of genomic regions, where DNA sequences 

within them have a higher probability to interact with each other than with sequences outside 

the TAD. Proteins like CTCF and cohesins make this interaction possible. TADs usually 

neutralize the action of enhancers to genes within the same domain. 35 34  

 

 

Figure 7 Mechanism of chromatin loop formation. TADs contain varying number of chromatin loops generated 

through loop extrusion by CTCF/cohesin complexes. Chromatin loop formation facilitates interactions between 
promoter and enhancer elements. (Right panel) In the presence of NIPBL and MAU2, the cohesin complex 

loaded on to the DNA. Then, cohesin extrudes chromatin until a pair of convergent CTCF binding sites is 
reached. (Right panel) The N-terminus of CTCF and convergent positioning of the CTCF-DNA complex 

stabilizes cohesin binding and stall chromatin extrusion leading to the establishment higher-order chromatin 
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organization. The intervening DNA between two convergent CTCF sites leads to the formation of a loop 

domain, which adopts variety of complex shapes comprised of multiple regulatory loops. The internal structure 
of loop domain is likely determined by polymer chromatin-chromatin self-interactions, which may be further 

stabilized by phase separation. The contacts within the loop domains facilitate the targeting of enhancers to 
specific genes. The black arrow depicts the direction of loop extrusion. (Source: Pongubala et al., 2021) 

 

 At an even higher level of organization, each individual chromosome occupies distinct 

regions within the nucleus known as chromosome territories. These territories prevent 

chromosomes from becoming entangled with one another and may also play a role in 

regulating gene expression by positioning certain genes at the periphery or center of the 

nucleus based on their activity 

 Inside the nondividing nucleus, individual chromosomes occupy specific regions 

known as chromosome territories. These territories do not only interfere with chromosome 

entanglement, but also influence gene expression based on their peripheral or central 

positioning. 36 Even though chromosomes are considered to be static, the relative positioning 

of territories is not retained after cell division, as different patterns are observed in the nuclei 

of daughter cells. 37 When the cell enters mitosis, especially during metaphase, 

chromosomes undergo an intense transformation, by condensing to maximum degree. 38 As 

expected, during this maximal recoil, chromatin is inaccessible to the cell’s transcriptional 

machinery. 

 Lastly, we also identify two structural and functional units of chromatin organization, 

euchromatin and heterochromatin (Figure 8). Euchromatin usually refers to the 

transcriptionally active part of chromatin, due to its relaxed configuration that facilitates 

accessibility to transcription regulating elements. Euchromatin is typically located in the inner 

parts of the nucleus and contains the majority of the active genes. On the other hand, 

heterochromatin is a highly condensed region, characterized by transcriptional inactivity due 

to absence of ORFs (although that is not always the case). 39–41 

The primary regions of constitutive heterochromatin formation are pericentromeric and 

telomeric areas of chromosomes, containing a number of repeating DNA elements, such as 

transposons and satellite sequence clusters and a vast percentage of the Y human 

chromosome. Constitutive heterochromatin is continuously present in all cell types and 

developmental stages, ensuring chromosome stability. Facultative heterochromatin, although 

not a permanent feature, it is occasionally observed in some cells. It includes genes that are 

‘dormant’ depending on the cell type or the stage of the cell cycle. When these genes are 

inactive, their DNA regions are compacted into heterochromatin. 42–44  

Euchromatin and heterochromatin display different methylation and acetylation 

patterns for the regulation of gene expression (Figure 9). 
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Figure 8 Euchromatin and Heterochromatin within a cell nucleus (Source: Fazary et al., 2017) 

 

 

 

Figure 9 Histone Marks Characteristic of Euchromatin and Heterochromatin. Euchromatin localizes to the 
chromosome arms and is enriched for the H3K27ac, H3K36me and H3K4me3 histone marks. Additionally, the 

histone variant H2A.Z can be found in euchromatic nucleosomes. Constitutive heterochromatin is observed at 
the subtelomeric and pericentromeric regions of chromosomes. Histone marks typical of constitutive 

heterochromatin include H4K20me3, H3K56me3 and H3K9me2/3, of which the latter is deposited by the 



21 
 

BACHELOR THESIS- MAGDALINI GIANNOPOULOU 
 

methyltransferase SUV-39 and associates with the heterochromatic protein HP1. DNA packaged into 

constitutive heterochromatin is enriched for methyl groups. Facultative heterochromatin is distributed along 
the chromosome arms and is characterized by the presence of the histone mark H3K27me3, deposited by the 

proteins of the Polycomb group (PcG). This figure was created on Biorender.com. (Source: chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://studenttheses.uu.nl/bitstream/handle/20.500.12932/389/

Writing_Assignment_Arianna_Sandron.pdf?sequence=1&isAllowed=y) 

 

The principles of DNA packaging and chromatin organization are vastly conserved in 

the nematode C. elegans, making the study of gene regulation simpler and more 

uncomplicated.  

 

 

4.2.3.  Role of chromatin structures in gene regulation and expression 
 

 

Chromatin structures and organization patterns described above provide the 

necessary conditions for efficient genome compaction and the subsequent regulation of gene 

expression in eukaryotic cells. 45 Different levels of DNA density, as encountered in 

euchromatin and heterochromatin configurations, can either grant access to the 

transcriptional machinery of the cell or act as a barrier, thereby silencing gene expression. 39 

Genome expression can be influenced in terms of nucleosome and DNA modifications. 

Chromatin remodeling is a dynamic process that modulates nucleosome repositioning 

through the aid of ATP-dependent remodeling protein complexes. Nucleosome repositioning 

refers to the nucleosome movement alongside the DNA strand. In that case, binding of 

transcription factors can be regulated. Examples of nucleosome repositioning include 

nucleosome sliding, nucleosome eviction, or histone exchange. 46 Moreover, post-

translational modifications of histone targets, such as acetylation, methylation, 

phosphorylation and ubiquitination can modify chromatin structure and its degree of 

accessibility. All of these chemical alterations constitute epigenetic markers, which direct the 

recruitment of certain proteins that can either promote or repress transcription. 47  

Fundamentally, the control of gene expression is orchestrated by the dynamic nature 

of chromatin structures, which alternate between open and closed conformations. This 

guarantees that the proper genes are expressed in the right cells at the right timeframes. For 

the purpose of our study, we will delve deeper into some of the main epigenetic markers on 

C. elegans, that dictate gene regulation of immense cellular metabolic processes. 
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4.3. Epigenetic modifications 
 

 

 

4.3.1.  Definition and significance of epigenetics 
 

 

The history of epigenetics is intertwined with that of evolution and developmental 

biology. However, during the past 50 years, the definition of the term "epigenetics" has 

evolved, keeping pace with our greatly increased understanding of the molecular 

mechanisms controlling the expression of genes in eukaryotes. Our current definition of 

epigenetics is a reflection of what we now know and comprehend about it. 48 

Epigenetics is the study of molecular mechanisms by which heritable traits can be 

passed down to descendants, without any alterations occurring in the nucleotide sequence 

of DNA. These traits are associated with chemical modifications of the DNA or the core 

histone proteins attached to it and are called ‘epigenetic markers’. 49,50 Epigenetic markers 

are not removed by cell division and can vastly affect the cell’s gene expression. 51,52 They 

either occur as part of normal development or as a response to various environmental 

factors, dictating cellular and physiological phenotypic traits. 53 

Some of the primary epigenetic modifications include DNA methylation, histone 

modifications, RNA interference, chromatin remodeling, genomic imprinting and X-

chromosome inactivation. In this study, we are mostly going to focus on epigenetic 

modifications of histone and non-histone targets. 

The study of epigenetics is of great biological and medical importance, because it has 

made revolutionary contributions to our knowledge of heredity and gene expression.  

Epigenetics emphasize that gene expression patterns may be altered by environmental 

stresses, resulting to a variety of phenotypes without changing the DNA sequence, 

contrary to the conventional assumptions that genes control our fate. These epigenetic 

changes may have long-lasting effects, affecting cognitive functions, as well as 

predispositions to certain malignancies. Epigenetic marks that are incorrect or abnormal 

can cause birth defects, childhood illnesses, and disease symptoms at different stages of 

life. 51 Additionally, epigenetic modifications have been linked to a plethora of illnesses, 

including but not limited to cancer, metabolic disorders, neurological conditions, and 

cardiovascular diseases. Researchers are searching for new therapeutic approaches, 

including drug designing targeting epigenetic marks, in an attempt to take advantage of 

their potential reversibility. Such interventions are very promising as possible therapies for 

a variety of disorders, underscoring their enormous significance in influencing the future of 

medicine. 51,52 
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4.3.2.  Epigenetic modifications of histone proteins 
 

 

Histone proteins can undergo a number of post-translational modifications, including 

acetylation, methylation, phosphorylation, ubiquitination, citrullination to name a few.  

Acetylation and methylation are among the most prominent histone modifications in terms 

of transcriptional regulation. 54 

Histone acetylation involves the reversible covalent addition of an acetyl group (-Ac) 

to the ε-amino group of lysine residues on the N-terminal histone tails projecting out of the 

nucleosomes. The enzymes involved in this process are called Histone acetyltransferases 

(HATs), while Histone deacetylases (HDACs) reverse the addition of acetyl groups (Figure 

10). Acetylation of H3 and H4 histone proteins is usually associated with increased 

transcriptional activity.55 Acetyl groups counteract the positive charge of histone lysine 

residues, thereby weakening the electrostatic affinity between histones and negatively 

charged DNA (Figure 11). This leads to chromatin adopting a more relaxed configuration, 

allowing accessibility to transcriptional elements. However, histone deacetylation 

represses active regions of the genome. 45,56 

All histone proteins can be acetylated in various lysine residues. Specific acetylation 

patterns and combinations vary depending on the cellular context, and the presence or 

absence of specific acetylation marks can have different functional implications for gene 

expression and chromatin structure.  For example, chromatin structure is influenced by 

H4K16 deacetylation and H4K12 hypoacetylation combined with H3K56 hyperacetylation, 

which collectively create a chromatin environment conducive for the transcription of 

constitutive genes. This research found that the expression of active genes was higher in 

H4K16R mutant, which mimics the deacetylated state, as opposed to H4K16Q which 

mimics constitutive acetylation. This suggests that specific histone modifications, 

especially around lysine residues, directly influence gene transcription. 43 
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Figure 10 Schematic overview of lysine acetylation and deacetylation. Lysine acetylation, which is 

catalyzed by KATs, involves transfer of an acetyl group from Ac-CoA to the ε-amino side chain of lysine or 
occurs nonenzymatically. Deacetylation of lysine residues is catalyzed by Zn2+-dependent HDACs or by 

NAD+-dependent SIRTs. NAD+, nicotinamide adenine dinucleotide. (Source: Wang et al., 2020) 

 

 

 

Figure 11 Histone acetylation. Protruding histone tails undergo post translational modifications such 

as methylation, acetylation, ubiquitination and phosphorylation. The numbers indicate the positions of 
targeted lysine groups. Histone acetylation alters the conformation of chromatin structure in nucleus by 

relaxing the chromatin and allowing transcriptional activation. It is regulated by two sets of enzymes HATs 
and HDACs which add or remove acetyl group respectively from both histone and non-histone proteins, 

hence regulating gene transcription. (Source: Gujral et al.,2020) 

 

 Histone methylation is also a post-translational modification that plays a pivotal role in 

regulating gene expression and it involves the covalent addition of methyl groups (-Me) 

leading to mono-, di-, or tri-methylated basic amino acid residues, like lysine or arginine. 

Methylation is carried out by specific enzymes called Histone methyltransferases (HMTs) and 

can be reversed with Histone demethylases (HDMs). Unlike acetylation, histone methylation 

does not alter the electrostatic affinity of DNA bound to histones, rather than marks specific 

amino acid residues with a varied number of methyl groups. The term "histone code" 

suggests that the presence of a methyl group close to a lysine residue can influence the 

addition or removal of an acetyl group on a neighboring lysine residue, thereby integrating 

multiple downstream signaling pathways and coordinating the cellular response (Figure 12). 
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57,58 Depending on the methylation pattern, gene transcription can either be enhanced or 

suppressed (Figure 13). 54,59  

 

 

 

 

Figure 12 The ̀ histone code' hypothesis. Histone modifications occur at selected residues and some of the 
patterns shown have been closely linked to a biological event (for example, acetylation and transcription). 

Emerging evidence suggests that distinct H3 (red) and H4 (black) tail modifications act sequentially or in 
combination to regulate unique biological outcomes. How this hierarchy of multiple modi®cations extends 

(depicted as ̀ higher-order combinations') or how distinct combinatorial sets are established or maintained in 
localized regions of the chromatin fibre is not known. Relevant proteins or protein domains that are known to 

interact or associate with distinct modifications are indicated. The CENP-A tail domain (blue) might also be 
subjected to mitosis-related marks such as phosphorylation; the yellow bracket depicts a motif in which 

serines and threonines alternate with proline residues. (Source: Strahl and Allis, 2000) 
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Figure 13 Examples of regulation of gene expression by histone methyltransferases and demethylases. 

SETD1A methyltransferase complex (comprising SETD1A (a catalytic SET-domain subunit), together with the 
binding partners ASH2L, RBBP5, WDR5 and other complex-specific subunits not shown) deposits the gene-

activating H3 Lys4 tri-methyl (H3K4me3) mark at the promoters of various genes. H3K4me3 is recognized by 
PHD finger domains in proteins such as TAF3, which bind to methylated Lys. Gene activation can be reversed 

through the removal of this modification by the demethylase KDM5C, which utilizes α -ketoglutarate (αKG) as 
a cofactor. Gene-repressive states can be established by the deposition of H3K9me3 by the SETDB1 histone 

methyltransferase complex (including the catalytic subunit SETDB1 together with a regulator, MCAF (also 
known as ATF7IP) and a reader protein, TRIM28). H3K9me3 is recognized by the chromodomain in HP1 

proteins and can be removed by the KDM3A and/or KDM3B demethylase in the presence of αKG as a 
cofactor, to allow for gene activation. (Source: Jambhekar et al., 2019) 

 

 

For example, trimethylation of histone H3 at lysine 4 (H3K4me3) is often found near 

transcription start points and is associated with gene activation. In contrast, trimethylation of 

histone H3 at lysine 27 (H3K27me3) is linked to gene repression. 43 In C. elegans, histone 

H3K4 trimethylation (H3K4me3) plays a key role in the transgenerational inheritance of 

obesogenic effects by marking genes related to lipid metabolism and upregulating their 

transcription. Thus, the effects of lipid accumulation from a high-fat diet treatment can be 

epigenetically transmitted to multiple generations. 60 

Despite the fact that methylation patterns can be stable through meiosis, mitosis, and 

even inheritance, their dynamic nature allows them to contribute to phenotypic variety. 

Diseases like cancer and intellectual impairments can result from disturbances in this 

methylation equilibrium. Histone methylation levels change in accordance to age and are 

involved in many biological processes, including DNA repair, transcription, and ageing. 

Methylation regulating enzymes have the potential to affect lifespan and exhibit 

transgenerational effects. 59 
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4.3.3.  Epigenetic modifications of non-histone proteins 
 

 

For the most part, the majority of research concerning epigenetic regulations has 

focused on chemical modifications to core nucleosome histone proteins. However, attention 

has shifted towards elucidating mechanisms of epigenetic modifications on non-histone 

targets, which are of great biological importance. 

Non-histone epigenetic modifications do not only refer to DNA methylation or RNA 

(lncRNA, siRNA) modifications, but also to a steadily growing number of proteins who have 

been identified as targets, including transcription factors, tumor suppressor proteins, 

hormone receptors, chaperones or other signaling pathway molecules. These modifications 

play a crucial role in regulating cellular processes, like gene expression, cell signaling, and 

cell fate decisions to name a few, thus further accentuating their research significance. 61 

Acetylation of protein targets, beyond histones, is a critical post-translational 

modification regulating their cellular and molecular activity. Similar to histones, acetyl groups 

are covalently added to lysine amino acid residues of non-histone proteins, with the aid of 

HAT enzymes. This leads to alterations in their activity, stability, interactions, and localization. 
61 Examples of identified non-histone substrates for acetylation include the transcription factor 

NF-κB and the tumor suppressor protein p53, whose acetylation state can affect both their 

DNA-binding ability and their transcriptional activity. 62 Furthermore, the histone 

acetyltransferase MYST family, which controls gene-specific transcriptional activity, DNA 

replication, and DNA damage response, also acetylates non-histone proteins linked to 

Alzheimer's disease. 63 Another study highlighted the role of HDACs in modulating the 

acetylation levels of non-histone proteins, like HDAC inhibitors (Figure 14). It has been shown 

that deviant HDAC activity negatively impacts DNA damage response (DDR) in cancer, due 

to their direct involvement in the acetylation of several DDR proteins. 64 In C. elegans, non-

histone acetylation targets is still an ongoing field of biological research, with lots of potential 

in the development therapeutic approaches for neurodegenerative and metabolic disorders.  
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Figure 14 Dietary deacetylase inhibitors and (de)acetylation targets. Deacetylase inhibitors induce 
histone hyperacetylation leading to an open chromatin conformation that correlates with gene activation. 

Acetylation of non-histone proteins modulates their function, stability, cellular localization, and/or protein–
protein interactions. Transcription factors such as STAT3 and p53 are directly acetylated by HDAC inhibitors, 

which can positively or negatively alter their capacity to bind DNA and modulate gene expression. Through 

the combined effects on histone and non-histone protein acetylation, deacetylase inhibitors exert 
chemopreventive outcomes ranging from inhibition of cell growth, cell cycle arrest, apoptosis, autophagy, or 

necrosis. (Source: Kim et al., 2016) 

 

 

Similarly, another post-translational modification that goes beyond the extensively 

researched area of histone methylation is the methylation of non-histone substrates. Non-

histone proteins undergo alterations, that entail the covalent insertion of a methyl group to 

certain amino acid residues, typically lysine, affecting their function and having an impact on 

a number of cellular processes. These modifications are made by a vast enzyme family 

known as protein methyltransferases. Methylation of lysine residues is executed by a specific 

group of methyltransferases called KMTs. 65 These enzymes modify the target protein's 

activity, localization, or interaction with other proteins by transferring a methyl group from S-

adenosyl methionine (SAM) to it (Figure 15). 66,67 
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A well-characterized familiy of methyltransferases is the PRDM family. Enzymes of 

this family, such as PRDM15, play a role in cellular proliferation, differentiation, and are often 

deregulated in diseases like cancer. Methyltransferase PRDM15, an uncharacterized 

transcriptional regulator, could potentially contribute to non-histone methylation, as 

suggested by in silico approaches of their native non-histone substrates. 68 Recent findings 

have identified a SET domain-containing enzyme, SET7/9, as a key component in the 

methylation of both histone and non-histone proteins. This proves that lysine methylation is 

not functionally limited to chromatin remodeling. 69 Moreover, The hypoxia-inducible factor 

(HIF) pathway is triggered by low oxygen levels and it aids in cell adaptation under acute 

circumstances. At steady oxygen levels, cellular oxygen sensors inhibit HIF activity, while 

also influencing G9a and G9a-like protein (GLP), two lysine methyltransferases. These 

enzymes become more active in hypoxia and have an impact on a number of non-histone 

proteins, like LaminB1 (LMNB1), stabilizing it and connecting it to the nuclear perimeter. 70 In 

the context of C. elegans, LMNB1 protein homologue is also targeted by euchromatic histone 

methyltransferases (EHMTs), members of the KMT1 family, whose activity extend beyond 

histone methylation. A study by Rao et al. demonstrated that EHMTs methylate and stabilize 

LMNB1, associating it with H3K9me2 peripheral heterochromatin. This methylation is 

responsible for the anchoring of heterochromatin at the nuclear periphery. The study also 

highlighted implications of EHMT depletion related to aging and cellular organization. 71 

Finally, another study on liver cancer focused on the function of PRMT5, a protein arginine 

methyltransferase. Through arginine methylation, PRMT5 regulates the interplay between 

the E3 ubiquitin ligase ITCH and the transcription factor RORα. The stability of RORα and its 

target genes are impacted by this interaction. Reactive oxygen species (ROS) are also 

involved, decreasing PRMT5 levels and raising RORα levels, exhibiting a complex 

interrelationship between ROS, PRMT5, and non-histone methylation in liver cancer. 72 

The aforementioned examples from existing scientific literature showcase the need to 

combine data from epigenetic modifications of non-histone substrates along with other 

posttranslational alterations, in order to better understand complex cellular dynamics and 

disease pathogenesis. 66 The significance of non-histone protein changes in the context of 

cellular function and illness is becoming more and more clear, as our knowledge of the 

epigenetic landscape is constantly evolving. 
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Figure 15 a) A Lys residue can undergo mono-, di- or trimethylation at its side chain ε‑amine. b) 

Although Arg is not able to undergo trimethylation, two distinct forms of dimethylation (asymmetrical and 
symmetrical) can occur on its side-chain guanidino cation group, in addition to monomethylation. Methyl 

groups and methylated nitrogen atoms are shown in red. c) Protein methylation is directly comparable to 
phosphorylation, as the modification can be dynamically added to substrates by writer proteins or removed 

from them by eraser proteins. Methylation may influence protein structure, activity, subcellular localization, or 
interactions with reader proteins, which contain a modular domain that can interact with the methylated 

residue. (Source: Biggar et al., 2015) 

 

 

4.3.4.  SET domain proteins and their role in epigenetic regulation 
 

 

Within the scope of this thesis research project, our primary focus will be on the subject 

of SET domain-containing proteins and their role as epigenetic factors. 

The SET domain is a conserved sequence motif found in a superfamily of enzymes 

primarily recognized for their histone methylation activity. This superfamily encompasses 

almost all proteins known to methylate histones on lysine amino acid residues 

(HKMTases), thereby regulating gene expression. 73 However, there have been identified 

other enzymes within this superfamily with a methyltransferase activity towards non-
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histone substrates, as in the example of SET7/9 described above (Figure 16). 69 The 

acronym "SET" derives from three Drosophila melanogaster HKMTases where this domain 

was first discovered: Suppressor of variegation 3-9 [Su(var)3-9], Enhancer of zeste [E(z)], 

and Trithorax [Trx]. 74,75 

Adjacent to the SET domain, many proteins also contain additional regions known as 

the pre-SET and post-SET domains. The pre-SET domain is situated in the N-terminal of 

the enzyme, where one can find the presence of multiple cysteine residues. The zinc-

finger-like structure of the domain is due to the coordination of zinc ions by these cysteines, 

leading to the formation of a triangular Zn3Cys9 zinc cluster. The pre-SET domain is 

instrumental for the stabilization of the protein’s SET domain and plays a crucial role in 

enhancing its methyltransferase activity. 76 The post-SET domain is situated in the C-

terminal region, following the SET domain. A zinc-binding site is created by the three 

conserved cysteines in the post-SET domain and coupled with a fourth conserved 

cysteine, they form a structure that resembles a knot adjacent to the SET domain active 

site. The C-terminal residues involved in histone tail interactions and S-adenosyl-L-

methionine-binding are brought in by the structured post-SET region. The three conserved 

cysteine residues are necessary for HMTase function because serine replaces them and 

renders HMTase inactive. 77 

Human genes encoding proteins containing this domain include SUV39H1 and 

SUV39H2. These methytransferases di- and trimethylate histone H3 lysine 9 (H3K9), 

which is important for maintaining heterochromatin and suppressing gene activity. Their 

active SET domain and chromodomain binds H3K9me2/3, helping in enzyme targeting. 

Apart from histones, these enzymes also methylate various non-histone proteins, 

indicating their diverse roles in cellular processes. 78  

 

 

Figure 16 Human SET7/9. The pre-SET, SET, and post-SET domains are indicated. The pseudoknot 
formed by two conserved SET motifs and the bound histone H3 peptide are also illustrated. Zinc ions are 

shown as balls. N, amino terminus; C, carboxyl terminus. (Source: Dillon et al., 2005) 
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 For the purpose of our study, we are using five knockout C. elegans strains, four of 

which are mutants for various genes of the set superfamily, precisely set-4, set-14, set-18 

and set-30. Based on current scientific literature, a number of set genes have been identified 

and characterized based on their biological role. A notable example is the set-32 gene, known 

for its role in establishing the heterochromatin mark H3K23me3 that is remarkably linked to 

transgenerational epigenetic inheritance, via RNAi-mediated chromatin changes. 79 Also, the 

set-2 gene is the C. elegans homologue of human H3K4 methyltransferase genes KMT2F/G 

(SETD1A/B), influencing the transcription of neural genes during embryogenesis. 80 Lastly, 

the set-17 C. elegans gene encodes for a SET domain containing protein like PRDM9 and 

PRDM7 in humans, which regulates the gene expression of primary spermatocytes, thereby 

aiding in fertility. 81 

However, there is still much to uncover about the role of set genes in the nematode C. 

elegans. Our study endeavors to contribute to further bridging this gap, by elucidating their 

epigenetic role.  
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4.4.  Dietary influences on gene regulation, healthspan and 

senescence 
 

 

 

4.4.1.  Lipid structure and functions 

 
 

Lipids make up a diverse and ubiquitous group of organic molecules with hydrophobic  

properties, which depending on their structural and functional characteristics, they can be 

broadly categorized into triacyglycerols, phospholipids, steroids and waxes. 82 In our study, 

we are assessing the effects of a high-fat diet (HFD), supplemented with lipids and 

essential nutrients found in chicken egg yolk. Egg yolk constitutes a rich source of lipids, 

extending from cholesterol to fatty acids. The lipids within an egg yolk comprise about 33% 

of its whole weight. 83 

It is noteworthy that egg yolk contains a substantial amount of monounsaturated fatty 

acids (MUFAs), primarily oleic acid. Monounsaturated fatty acids were found to be far more 

abundant than saturated fatty acids and polyunsaturated fatty acids in egg yolks. 84 

Structurally, MUFAs contain one double covalent bond in their fatty acid chain, as opposed 

to saturated fatty acids containing no double bonds or polyunsaturated fatty acids 

containing multiple double bonds. Oleic acid is found in cis-configuration, where hydrogen 

atoms are on the same level as the covalent bond (Figure 17). 85 Fluidity of the cell 

membranes is partly attributed to this single double bond of MUFAs. Egg yolk MUFAs offer 

numerous health advantages, such as reducing cholesterol levels and potentially reducing 

the risk of heart disease. They also serve as energy sources and help in the absorption of 

fat-soluble vitamins. 86 
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Figure 17 Structure of oleic acid, the most abundant MUFA in egg yolk, in cis-configuration. (Source: 

PubChem) 

 

Lipids play a multifaceted role in cellular functions, including energy source reservoirs, 

components of cell membranes and as signaling molecules in a plethora of pathways. 87,88  

Normally, through the process of lipolysis, triglycerides are converted to glycerol and fatty 

acids. These fatty acids are subsequently transported to mitochondria, where they engage 

in β-oxidation to produce acetyl-CoA. After entering the citric acid cycle, this acetyl-CoA 

leads to the production of ATP molecules. During this process, electrons are released and 

transferred to NAD+ and FAD, leading to the formation of the coenzymes NADH and 

FADH2. Both of these coenzymes are later deployed in oxidative phosphorylation, which 

in turn promotes ATP generation in mitochondria. 89  

Recent scientific studies have stressed the significance of lipids as signaling 

molecules that actively influence the epigenome of an organism. 90 Since then, there has 

been an increase in the number of scientific studies conducted focusing on the impact of 

obesogenic factors, notably a HFD, on epigenetics and the control of gene expression in 

various organisms. Dietary habits are known for affecting various physiological processes 

in the body, rendering their understanding crucial for optimal health and disease 

prevention. 87,91,92 

 

 

4.4.2.  The interplay between a high-fat diet and epigenetic modifications 
 

 

High-fat diets can lead to specific changes in the expression of certain genes due to 

epigenetic modifications. For instance, genes involved in metabolism, appetite regulation, 

and energy expenditure can be particularly affected, leading to conditions like obesity, 

insulin resistance, and other metabolic disorders. The relationship between a lipid diet and 

the epigenome has been thoroughly elaborated in scientific literature, as stated by the 

overview provided below.  

One of the primary mechanisms that is vastly impacted by a HFD is that of DNA 

methylation. 91 A study by Vucetic et al. has suggested that a HFD during rodent pregnancy 

affected the DNA methylation patterns of the offspring's dopamine and opioid-related 

genes. As a result, particular dietary preferences among the progeny were found to be 

connected to altered gene expression levels, due to DNA methylation. 93 A similar study in 

mammals investigates the effect of DNA hydroxymethylation in mice fed with a HFD, that 

later develop cardiac issues connected to obesity. The research shows that cardiac 

problems in these animals are correlated with alterations in tissue- specific DNA 

methylation/hydroxymethylation patterns and associated enzymes. These observations 

point to a link between certain genes and obesity-related cardiac problems. Deeper 

understanding of the epigenetic causes of the obesity-related cardiac repercussions may 

come through further study. 94 Moreover, a study in mice proposes that dietary fat disrupted 
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pathways related to cytokine interaction, chemokine signaling, and oxidative 

phosphorylation in mice. 91 Non-alcoholic fatty liver disease (NAFLD), a disorder that is 

common in Western nations and is frequently associated with diets rich in saturated fats, 

has been a topic of great research interest concentrated on the epigenetic control of the 

PPARγ gene in HFD-fed mice and palmitic acid-exposed liver cells. The study 

demonstrated that a high-fat diet decreases methylation levels in the PPARγ gene 

promoter, which results in an increase in the production of PPARγ and associated genes 

and an excessive buildup of fat in the liver. According to the research, alterations in the 

methylation of the PPARγ promoter are crucial to the development of NAFLD, thereby 

accentuating the intricate interplay between dietary habits and epigenetic regulation of 

metabolic diseases. 95 

In terms of histone modifications, another study in primates has shown that a maternal 

HFD can cause modifications in histone acetylation patterns in the fetal liver, leading to 

changed gene expression levels, implying the possibility of a mechanism through which 

nutrition may affect a child's vulnerability to disease. 96 Transgenerational epigenetic 

effects can also be observed upon treatment with a HFD. According to several research 

articles, the consequences of a maternal HFD persisted even in third generation female 

progeny and could be passed down via the paternal lineage. 97 A similar study highlighted 

that fathers on an HFD can pass on altered sperm cell histone modifications, regulating 

the expression of tissue specific genes in the liver of their male offspring, suggesting the 

transgenerational epigenetic effects of dietary choices. 98 

As mentioned in section 4.3.2, parental obesity in C. elegans can lead to histone H3K4 

trimethylation (H3K4me3), which is responsible for marking genes related to lipid 

metabolism, including transcription factors DAF-16/FOXO and SBP-1/SREBP, nuclear 

receptors NHR-49 and NHR-80, and δ-9 desaturases (fat-5, fat-6, and fat-7). Lipid 

accumulation in C. elegans offspring is regulated through epigenetic inheritance and an 

upregulation of metabolism genes due to obesity influences. 60 

By the aid of high-throughput techniques in genetic engineering and lipidomics, it has 

been shown that changes in lipid metabolism are closely connected to aging and its 

associated diseases. According to studies, the equilibrium between lipid metabolism, body 

adiposity and its metabolites play a crucial role as regulators of gene expression in 

signaling networks related to ageing. 99 Moreover, according to recent researches, several 

membrane lipids are essential for cellular signaling and signal transduction, meaning that 

any imbalance in their metabolism could result in illness. Since these lipids have an effect 

on physiological processes, they can serve as biomarkers for disease diagnosis and 

treatment. Essentially, membrane lipids affect cellular activation and generate a variety of 

lipid mediators with long-lasting effects. 100 

Lastly, studies have introduced the concept of epigenetic reprogramming and long- 

lasting effects of dietary habits. A study by Butruille et al. investigates this concept in 

response to a HFD in mice. White adipose tissue (WAT) formation and the risk of adult  

obesity are both influenced by the early lactation-suckling stage. In this study, researchers 

examined the effect of the mother’s high-fat dietary habits during lactation on their male 

offspring’s fat tissue development. The findings demonstrated that whereas maternal HF 

eating didn’t induce any changes on the mother's weight or the general composition of her 
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breast milk, it did however modify the fatty acid content of the milk, leading to increased 

infant weight, fat tissue growth and an increased risk of obesity in adulthood, particularly 

in fat tissue depot (eWAT). This suggests that early postnatal diet, especially fatty acids 

found in breast milk, might regulate long-term fat tissue formation, due to an epigenetic 

modification in a crucial fat metabolism enzyme, SCD1. 101 

In summary, the connection between a high-fat diet and epigenetic alterations is a 

focal point of nutritional and genetic research. The epigenome and consequent gene 

expression are greatly influenced by dietary habits, particularly those high in fats. 

Understanding the precise molecular pathways will be crucial for creating dietary 

recommendations and therapies for disorders linked to nutrition as we continue to 

investigate this connection. 

 

 

4.4.3.  High-fat diet and cellular stress responses 
 

 

Beyond the observable and direct physiological consequences of dietary habits, it is 

important to investigate their implications on a cellular level. A high-fat diet, as described 

above, can act as a stressor factor, inducing a plethora of cellular stress responses, like 

heat shock response, autophagy, DNA damage response, unfolded protein response, 

senescence, inflammatory response and oxidative stress response, to name a few. Upon 

interaction with a specific stressor, one or more of these cellular can be activated, in order 

to ensure integrity and protection. 102–104 In our study, we are particularly investigating the 

oxidative stress response in C. elegans, triggered by an excessive intake of dietary fats.  

Oxidative stress is a physiological imbalance that develops in response to external or 

internal stressors and disrupts the equilibrium between the number of reactive oxygen 

species (ROS) and the body's capacity to detoxify or repair the harm they cause. ROS are 

oxygen-containing molecules that have one or more unpaired electrons and are naturally 

created by several metabolic cellular processes, particularly in mitochondria. 105  

Generation of ROS primarily occurs in mitochondria, during the process of oxidative 

phosphorylation. The mitochondrial electron transport chain (ETC) is traversed by 

electrons in multiple protein complexes. A premature reaction between electrons and 

molecular oxygen, leads to the formation of superoxide, a main ROS. Other ROS forms, 

including hydrogen peroxide, can subsequently be produced from superoxide. Although 

this is a consequence of cellular respiration, uncontrolled ROS levels can be harmful, 

highlighting the significance of equilibrium maintenance (Figure 18). 106 
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Figure 18 Generation of ROS in mitochondria (Source: Yang et al., 2020) 

 

 

The NOX family of enzymes, often known as NADPH oxidases, also constitutes a key 

generator of ROS. These enzymes, designed particularly for the formation of ROS, 

transport electrons from NADPH to oxygen, resulting in the creation of superoxide and 

other ROS. NOX enzymes are found in a variety of cell types and are involved in a wide 

range of activities, including immunological and cellular signaling. However, their  

downregulation can result in illnesses like cardiovascular disorders. 107 

ROS can also be generated endogenously by the immune system, for defense 

purposes. The "respiratory burst", as it is called, is a mechanism wherein immune cells, 

particularly neutrophils and macrophages, release increased levels of ROS when they 

come into contact with pathogens. Invaders are successfully neutralized by this process, 

but prolonged ROS generation may unintentionally harm host tissues. 108 

Even though ROS are crucial for immune system and cell signaling function, 

exceedingly elevated amounts of them might be harmful for cells in the long run, resulting 

in a number of chronic illnesses, such as cancer, cardiovascular diseases, neurological 

and metabolical disorders. This is due to their high chemical reactivity with other cellular 

components. ROS can be very detrimental, as they can lead to lipid peroxidation, protein 

carbonylation, DNA strand breaks, decreased ATP production due to electron transport 

chain implications and activation of apoptosis pathways (Figure 19).109  
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Figure 19 A) ROS action on DNA, lipids and proteins lead to DNA base oxidation, lipid peroxidation 

and protein carbonylation, respectively. * Unpaired electron. B) DNA damage caused by ROS.  (Source: 
Juan et al., 2021) 

 

 

Cells have developed multiple defense antioxidant mechanisms that counteract ROS, 

when their concentration levels surpass the cell’s capability of neutralizing them. The most 

common one is redox (reduction-oxidation) detoxification, which is carried out by special 

enzymes, responsible for various processes including signaling, detoxification, and energy 

generation. The purpose of these enzymes is electron transport between molecules, so as 

to achieve ROS elimination or regulation of particular cellular pathways. 110  Harmful 

superoxide radicals (O₂⁻) are converted into less harmful hydrogen peroxide (H₂O₂) and 

molecular oxygen (O₂) by the enzyme SOD (superoxide dismutase). Subsequently, other 
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enzymes, like catalase, can further break down hydrogen peroxide into water and oxygen, 

ensuring that ROS levels are efficiently controlled within the cell (Figure 20). 111 

According to current bibliography, several studies have demonstrated that a HFD 

significantly affects the production and accumulation of ROS. A HFD disrupts lipid 

metabolism, increasing oxidative stress and the products of lipid peroxidation. For 

downstream signaling pathways to be activated, fatty acids synergistically interact with a 

number of transcriptional factors. Peroxisome proliferator-activated receptor (PPAR), a 

ligand-activated transcription factor, is a transcriptional molecule that serves as a sensor 

for proteins that regulate lipids. 112,113 This increased oxidative stress has been linked to a 

number of health issues, such as inflammatory illnesses, insulin resistance, and 

cardiovascular conditions. Increased ROS levels brought on by a HFD can be used as 

possible therapeutic targets and diagnostic markers for diseases related to obesity. 

Additionally, the ROS-induced oxidative stress caused by a lipid diet may interfere with 

other physiological pathways, thereby escalating their negative effects and further 

disrupting cellular homeostasis. 114 

 

 

Figure 20 Generation of reactive oxygen species (ROS) in the cell. ROS are generated by enzymatic 

and non-enzymatic redox reactions during cellular metabolism under normal and pathological conditions. 
Mitochondria, plasma membrane, peroxisomes, and cytosol first generate the superoxide anion (O2•−), 

which becomes the precursor free radical for the generation of other ROS molecules. Cytosolic CuZN 
superoxide dismutase (SOD) and mitochondrial MnSOD, which are expressed in the kidney, dismutate 

O2•− to H2O2, which yields highly reactive hydroxyl radicals (OH•) by interaction with reduced transition 
metal ions (such as Fe and Cu) in a Fenton reaction. In addition to ROS, cells also generate reactive 

nitrogen species (RNS). The major RNS include nitric oxide (•NO), peroxynitrite (ONOO−), and nitrogen 

dioxide (•NO2). Nitric oxide (•NO) is produced by three isoforms of nitric oxide synthase (NOS), all of which 
are expressed in the kidney. ROS produced cause oxidative damage, including DNA damage, lipid and 

protein oxidation, protein nitration, and mitochondrial dysfunction. (Source: Kaushal et al., 2019) 
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5.  Work hypothesis 
 

 

Modern societies face a wide range of nutritional and metabolic challenges, as a result of 

rapidly changing lifestyles and eating habits. These lifestyle adjustments have been 

connected to a variety of health issues, ranging from metabolic disorders to age-related 

diseases. The intricate molecular mechanisms by which dietary variables affect epigenetic 

landscapes and, therefore, modulate metabolism have only recently begun to be unraveled 

in existing scientific literature. Epigenetic regulators like histone deacetylases and 

methyltransferases, which control how organisms sense and respond to dietary signals, 

have emerged as fundamental components in lipid metabolism. 115–119 However, there is a 

conspicuous knowledge gap about how specific epigenetic modifiers or chromatin marks 

govern the transcription of genes associated with diverse facets of lipid metabolism and 

interact with dietary cues, in particular a high-fat diet (HFD). Our study aims to bridge this 

lacuna, by disrupting genes encoding one histone deacetylase and four methyltransferases, 

in order to gain valuable insights into the function and regulation of metabolic genes in C. 

elegans, upon exposure to a HFD. To achieve this, we used N2 wild-type worms along with 

various knockout strains targeting genes such as hda-2, set-4, set-14, set-18 and set-30 

respectively. Our aim is to shed light on the molecular mechanisms driving diet-induced 

epigenetic modifications and their general implications in ageing and metabolic health. 

Here, we observe the resulting phenotypic changes by examining longevity and 

mitochondrial homeostasis (mitoROS levels), in response to a diet rich in monounsaturated 

fatty acids.  
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6.  Materials and Methods  
 

 

6.1.  Bacterial strains 

 

Feeding and maintenance of worms was achieved using Escherichia coli strain OP50, 

obtained from the Caenorhabditis Genetics Center (CGC) for the conventional use as a food 

source in laboratory settings. (Genotype: E. coli, uracil auxotroph) 

 

 

6.2.  Medium for bacterial cultures 
 

Luria- Bertani (LB) is a versatile nutrient-rich medium utilized in a plethora of microbiology 

techniques for the culture and growth of various bacterial strains, including E. coli OP50. 

Despite its use for general bacterial culturing, it can also serve as a medium for maintaining 

bacterial stocks for later use. LB medium can be prepared in both solid (agar- based) and 

liquid forms, depending on the desired use. 

Liquid LB 

To prepare LB medium in liquid form, 20g of sodium chloride (NaCl), 20g of Tryptone, and 

10g of yeast extract are dissolved in 1800mL distilled H2O. We stir the mixture until we 

achieve complete homogeneity. Then, we adjust the pH to 7.0 by adding sodium hydroxide 

(NaOH) and we adjust the volume to 2L with Η2Ο. We dispense the liquid LB into conical 

flasks of 100mL and 200mL and we sterilize them by autoclaving. 

Solid LB 

For the preparation of solid LB medium, we mix the ingredients described above with 30g of 

agar powder in 1500mL distilled H2O. Agar powder is not easily dissolved until after 

autoclaving. We, then, adjust the pH to 7.0 using NaOH and we sterilize by autoclaving. After 

autoclaving, we bring the volume to 2L with sterile H2O. After the medium cools down to 

approximately 50˚C, we dispense 17mL of LB into standard petri plates (92mm diameter x 

16mm height). Ampicillin can be added at a final concentration of 100μg/mL before 

dispensing to prepare plates for ampicillin-resistant clones.  

 

 

6.3.  Culturing conditions of E. coli OP50 bacteria  
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In order to culture E. coli OP50 bacteria in liquid LB medium we follow a standard procedure. 

Firstly, we grab a sterile flask containing fresh and autoclaved LB medium. After ensuring an 

aseptic environment, we obtain a single colony from an OP50 agar plate by using a sterile 

pipette tip. Then, we inoculate the liquid LB by dispensing the sterile tip inside the flask. To 

guarantee adequacy of nutrients for growth, the volume of the inoculum should be small 

compared to that of the medium. Subsequently, we transfer our flask for incubation at 37oC, 

to achieve optimal growth conditions. The duration of incubation may vary according to 

factors such as initial number of cells or distinct experimental requirements. For that reason, 

we monitor bacterial growth periodically, until desired cell density is reached. When ready, 

OP50 culture can be harvested and used for worm maintenance and handling. If necessary, 

flasks of OP50 liquid cultures can be stored at 4oC for short-term storage. 

 

 

6.4.  Bacterial stabs  
 

Bacterial stabs serve for long-term storage of bacterial cultures. In our case, we have 

preserved the E. coli OP50 bacterial strain. We did so by harvesting 1mL of liquid OP50 

culture and mixing it with 1mL of sterile glycerol 80% v/v inside a cryovial (1:1 ratio). After 

ensuring secure sealing, we transfer the vial at -80oC and freeze them as glycerol stocks. 

 

 

6.5.  Streaking of bacterial strains 

 

Streaking of bacterial strains is done from frozen glycerol stocks (stabs) on LB agar plates. 

For this study, we aim to grow OP50 E. coli single bacterial colonies, that will be later used 

for inoculation of liquid LB medium. 

Firstly, we retrieve the frozen glycerol stock of choice and after ensuring aseptic conditions, 

we pick a small amount of OP50 using a sterile pipette tip. We continue by streaking the 

agar plate in four quadrants, in a technique known as T-streak. The main objective of this 

technique is to thin the colonies as the streaking moves in a clockwise manner. As a result, 

we can isolate individual OP50 bacterial colonies. Finally, we close the plate and place it in 

the incubator overnight at 37oC lid-side down. After incubation, we can store the plate at 

4oC for no more than 4 weeks.  

 

 

6.6.  Nematode Strains 
 

For the purpose of our research experiments, a total of six worm strains were utilized. All 

nematode strains listed below are available in the Caenorhabditis Genetics Center and can 
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be acquired upon order. 

 

1. N2: wild type Bristol isolate 

This strain serves as the standard reference for C. elegans research and has been 

extensively characterized and studied over the years. 

 

2. VC997: set-4 knockout C. elegans strain 

This is a superficially wild type knockout strain. It was generated by performing EMS 

mutagenesis, resulting in an out-of-frame allele deletion of the set-4 gene on chromosome 

II. Genotype: set-4(ok1481) II 120 

 

3. VC983: hda-2 knockout C. elegans strain 

This is a superficially wild type knockout strain. It was generated by performing EMS 

mutagenesis, resulting in an out-of-frame allele deletion of the hda-2 gene on chromosome 

II. Genotype: hda-2(ok1479) II 121 

 

4. VC767: set-18 knockout C. elegans strain 

This is a superficially wild type knockout strain. It was generated by performing gamma ray- 

induced mutagenesis, resulting in a loss of function allele of the set-18 gene on 

chromosome I. Genotype: set-18(gk334) I 122 

 

5. VC719: set-30 knockout C. elegans strain 

This is a superficially wild type knockout strain. It was generated by performing gamma ray- 

induced mutagenesis, resulting in a loss of function allele of the set-30 gene on 

chromosome X. Genotype: set-30(gk315) X 123 

 

6. RG3241: set-14 knockout C. elegans strain 

This is a homozygous viable knockout strain. A deletion with Calarco/Colaiacovo selection 

cassette was performed in the set-14 gene on chromosome II using CRISPR/Cas 9 as a 

mutagen. Several elements were introduced into the set-14 gene, including LoxP sites for 

targeted DNA recombination, a GFP coding sequence under the control of the myo-2 

promoter and a neoR gene under the control of the rps-27 promoter. The neoR gene 

confers resistance against the antibiotic neomycin and serves as a selectable marker 

during selection of transgenic worms. Genotype: set-14(ve741[LoxP + myo-2p::GFP::unc-

54 3' UTR + rps-27p::neoR::unc-54 3' UTR + LoxP]) II 124 

 

The above mentioned mutant strains have not yet been extensively studied. Due to lack of 

scientific literature, little is known about their descriptive phenotypical characteristics. 



44 
 

BACHELOR THESIS- MAGDALINI GIANNOPOULOU 
 

 

 

6.7.  Buffers for C. elegans experiments 

 

M9 minimal medium 

The M9 buffer is a commonly used solution in several procedures of C. elegans handling and 

maintenance. It is preferred over distilled sterilized water, because it meets the requirements 

for a standardized environment, in terms of pH levels and osmolarity. 

For the preparation of 1L of M9 medium we dissolve 3g of potassium phosphate dibasic 

(KH2PO4), 6g of disodium phosphate (Na2HPO4) and 5g of sodium chloride (NaCl) in 900mL 

distilled H2O. We proceed to sterilize our solution. After autoclavation, the solution must be 

left to cool down until it reaches RT. Subsequently we add 1mL of magnesium sulfate 

(MgSO4) from a stock solution with a concentration of 1M. Lastly, we adjust the volume to a 

total of 1L by pouring sterile H2O. 

 

Bleaching solution 

The bleaching solution is used to selectively kill and melt the bodies of adult animals, in order 

to harvest their eggs or newly hatched larvae. 

For the preparation of 10mL of bleaching solution we add 1mL of sodium hydroxide (NaOH) 

from a 5N stock solution and 2mL of sodium hypochlorite (NaOCl) 5% v/v in 7mL sterile H2O. 

 

Levamisole solution 

Levamisole is used in the context of C. elegans imaging as an anesthetic to immobilize the 

worms, facilitating in vivo studies and imaging.  

For the preparation of 100mM of stock solution, we dissolve 24.076 g of levamisole 

hydrochloride (molecular weight: 240.76 g/mol) in 500mL M9 buffer with stirring. The solution 

was then transferred to a volumetric flask and the volume was brought to a final of 1L by 

adding M9. The stock solution was stored in an amber-colored container.  

In our imaging experiments, we use 20mM levamisole solution aliquots. To prepare 10mL of 

the diluted solution, we obtain 2mL of the 100mM stock solution and add 8mL of M9 buffer. 

 

 

Nematode Growth Medium buffers 

 

 CaCl2 1M solution: For the preparation of 1M stock solution, we weigh out 14,7g of 

calcium chloride dihydrate (CaCl2·2H2O) needed for a solution of 100mL (M.W 
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147,02g/mol). We dissolve the salt in ddH2O, until our final volume is reached. 

Finally, we sterilize the solution by autoclaving. The solution should be stored at 

room temperature in a cool, dry place away from direct light. 

 

 MgSO4 1M solution: For the preparation of 1M stock solution, we weigh out 24,65g 

of magnesium sulfate heptahydrate (MgSO4·7H2O) needed for a solution of 100mL 

(M.W 246,48g/mol). We dissolve the salt in ddH2O, until our final volume is reached. 

Finally, we sterilize the solution by autoclaving. The solution should be stored at 

room temperature in a cool, dry place away from direct light. 

 

 KPO4 1M solution: For the preparation of 1M stock solution, we weigh out 204.4g of 

potassium phosphate monobasic (KH2PO4) and 114.12g of potassium phosphate 

dibasic (K2HPO4) needed for a solution of 2L. We dissolve both compounds in 

ddH2O, until our final volume is reached. We mix thoroughly to ensure homogeneity. 

Finally, we sterilize the solution by autoclaving. The solution should be stored at 

room temperature in a cool, dry place away from direct light. 

 

 Cholesterol 5mg/mL solution: To prepare a 5mg/mL cholesterol solution with a final 

volume of 200 mL, we weigh out 1g of cholesterol powder and we dissolve it in 

200mL ethanol (100% v/v). We mix the solution thoroughly to ensure homogeneity. 

The solution must be stored in a cool, dark place, preferably at 4oC. 

 

 Nystatin 10mg/mL solution: To prepare a 10mg/mL nystatin solution with a final 

volume of 200 mL, we weigh out 2g of nystatin powder and we dissolve it in 200mL 

ethanol (70% v/v). We mix the solution thoroughly to ensure homogeneity. The 

solution must be stored in a cool, dark place, preferably at 4oC. 

 

 

6.8.  Nematode culture conditions 
 

Standard nematode culture conditions 

 

All C. elegans strains used in this study were maintained in standard NGM plates seeded 

with a bacterial lawn of OP50 E. coli.  

The protocol we followed for the preparation of 2L of Nematode Growth Medium plates is 

described below.  

1. In a 2L conical flask we dilute 6g of NaCl, 5g of Bacto-peptone, 34g of agar and 0.4g 

Streptomycin in 1500mL distilled H2O. (We make sure not to add Streptomycin when 

intending to perform RNAi assay experiments). 

2. We mix thoroughly using a stirrer magnet until it becomes homogenous.  

3. We sterilize the mixture by autoclaving and we wait until it cools down to 55oC.  
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4. Subsequently we add 2mL of CaCl2 (1M stock solution), 2mL of MgSO4 (1M stock 

solution), 50mL of KPO4 (1M stock solution), 2mL cholesterol (5mg/mL stock 

solution) and 2mL nystatin (10mg/mL stock solution).  

5. We adjust the volume to 2L with sterile H2O and we stir for a few more seconds. 

6. Liquid NGM is then dispensed to petri plates. The amount of NGM that is poured 

varies relative to the size of the petri dishes used. For example, general 

maintenance of worms is executed on 60mm diameter plates. Plates of 100mm 

diameter size are mostly preferred when large amounts of worms are needed for a 

particular experiment. Consequently, approximately 7mL and 17mL of liquid NGM 

are poured in each plate, respectively.  

7. Petri plates are left to dry off at RT for at least 24 hours. 

 

After solidification, NGM plates are ready to be seeded with liquid OP50 E. coli bacterial 

culture. For the 60mm diameter plates, we add approximately 250μL per plate, whereas 

for the 100mm diameter plates, we pipette 500μL of liquid OP50 culture per plate. Seeded 

plates are incubated overnight at RT. When worms reach the desired developmental 

stage (usually L4 larval stage), they can be directly transferred on the surface of the OP50-

seeded NGM plates using a platinum pick. After approximately 3,5-4 days, next 

generation L4 stage worms will have occurred and must be transferred to new seeded 

NGM plates, in order to avoid starvation and, therefore, accumulation of epigenetic 

modifications. Time needed for a full life cycle of C. elegans (from L4 to L4) varies from 

strain to strain. 

Worm-containing NGM plates are typically maintained at a constant temperature of 20oC. 

To avoid overcrowding and preserve the genetic purity of worm populations, C. elegans  

cultures require routine care, which includes sub-culturing and occasional transfers to 

fresh NGM seeded plates. 

 

 

High Fat Diet (HFD) nematode culture conditions [experimental approach] 

 

For the purpose of our experiments all worm strains are treated within two distinct conditions: 

standard diet (control animals) and high-fat diet (treated animals).  

Under standard dietary conditions, worm strains are cultured as described above, with the 

only variation being in the OP50-seeded NGM plates. Prior to worm transfer, all seeded NGM 

plates are placed inside a UV chamber for approximately 15 minutes. UV radiation is 

responsible for killing the live bacterial lawn, that worm strains will later feed on.  

 

Under high-fat dietary conditions, worm strains consume a special mixture composed of egg 

yolk particles and UV killed OP50 liquid culture.  

To make the high-fat diet mixture, we firstly boil an egg for 12 minutes until it hardens. After 

ensuring an aseptic environment, we collect the hardened egg yolk and smash it into a paste. 
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In a sterile falcon, we add the egg yolk paste until it reaches a volume of 5mL. Subsequently, 

we pour a UV killed OP50 liquid culture and we bring the final mixture volume to 30mL. We 

mix by using a vortex device, in order to establish consistency and uniformity.   

The mixture was prepared at a ratio of 1 part egg yolk and 5 parts liquid OP50 bacterial 

culture. Killing of OP50 bacteria using UV radiation was done to prevent the live bacteria from 

interfering with or digesting the egg yolk components. The egg yolk contains lipids and 

nutrients that are intended to be a supplemental food source for the C. elegans worms. Thus, 

if the OP50 bacteria were alive, they could potentially consume or metabolize the nutrients 

present in the egg yolk. Therefore, in this way we exclude the possibility of measuring the 

effect of their metabolic byproducts in the worms’ metabolism.  

The mixture can be stored at 4oC for no more than two weeks. 

When seeding NGM plates using this mixture, plates must be left to dry for a few minutes. 

These plates may later be used to sustain and propagate C. elegans populations under high-

fat dietary conditions throughout the experimental duration. 

 

Both in the control and treated animal groups, cultivation for all nematode strains starts at the 

developmental stage of the egg. 

 

  

6.9.  Bleaching and synchronization of C. elegans 

population 
 

Bleaching is a commonly used method when performing C. elegans experiments. Its main 

purpose is to synchronize worm populations. This allows for collection of a synchronized 

population of C. elegans eggs, which can be hatched into a uniform cohort of worms at the 

same developmental stage. Secondarily, the bleaching technique aims to eliminate undesired 

contamination, which can result in misleading experimental outcomes. The process involves 

using a sodium hypochlorite solution to selectively kill the adult worms and their progeny, 

while leaving the incorporated eggs intact. The protocol we follow is described below. 

1. Use 1mL-2mL (depending on the number of plates to be bleached) of M9 solution 

and wash NGM plates containing gravid hermaphrodite worms. Nematodes must not 

be older than Day 3 adults. 

2. Collect the worm-containing liquid in an Eppendorf tube. 

3. Centrifuge for 15s at 3000rpm and discard the supernatant. 

4. Repeat the wash by using sterile ddΗ2Ο 

5. Add approximately 700μL of bleaching solution directly to the worm pellet. 

6. Shake well by hand or vortex for strictly 5-6 minutes, or until there are no visible 

worm bodies. By then, only eggs should be visible, while the worm bodies should 

have been completely dissolved. 

7. Centrifuge for 30s at 3000rpm and carefully discard the supernatant without 

disturbing the egg pellet. 
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8. Wash the pellet twice with 500μL sterile ddH2O or M9. 

9. Dissolve the eggs in an appropriate volume of sterile ddH2O or M9, according to egg 

density.  

10.  Transfer the desired amount of eggs in either OP50-seeded plates or NGM plates 

containing the high-fat diet mixture and store at 20oC until hatching.  

 

A setback of this procedure is that the resulting worm population is not completely 

synchronized, because there might be unhatched eggs with a 5 or 6-hour difference.  

To overcome this problem, approximately 10 adult hermaphrodites (Day 1 or Day 2) could be 

transferred to seeded NGM plates in order to lay eggs for a small time frame, circa 1 hour. In 

such wise, we could achieve better worm synchronization for our experiments.  

 

6.10.  RNA extraction from C. elegans 

 

In this study, we extracted total RNA from L4 stage worms of our experimental treatments. 

For total RNA extraction we followed the protocol described below.  

 

1. Pick up L4 stage worms in an Eppendorf tube containing M9 buffer by using a hair-

supplemented toothpick. 

2. Centrifuge for 1 minute at 14.000rpm 

3. Remove the supernatant and wash once again with M9.  

4. Remove M9 and add 250μL of Trizol™ reagent.  

5. Mix by hand for 30 seconds and then vortex for 4 minutes  

6. Store samples at -80oC 

7. The next day, incubate samples at 65oC for 5 minutes 

8. Add 50μL chloroform (CHCl3) [1V to 5V Trizol™] 

9. Vortex for 15 seconds and incubate at RT for 3 minutes 

10.  Centrifugation at 12.000rpm for 15 minutes at 4oC 

11.  Transfer the clear layer to a new sterile Eppendorf tube and repeat the above steps 

after adding chloroform (CHCl3) again [1V to 5V Trizol™] 

12.  Add 125μL isopropanol and mix by inverting (can be stored at -80oC) 

13.  Incubate at RT for 3 minutes 

14.  Centrifugation at 12.000rpm for 10 minutes at RT 

15.  Discard the supernatant and add 500μL of ethanol 70% v/v [2V] 

16.  Centrifugation at 14.000rpm for 5 minutes at 4oC 

17.  Remove the supernatant and air dry pellet in hood 

18.  Resuspend the pellet in 20μL RNAse-free H2O 

19.  Quantification of RNA concentration using a spectrophotometer. A desired RNA 

concentration would be between 100ng/μL and 1000ng/μL 

The purity of the extracted RNA can be evaluated by determining the ratio of 

absorbance readings at 260nm and 280nm (A260/A280). Pure RNAs have a ratio 

1.9~2.1. 
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20. Long term storage of samples at -80oC and short term storage at -20oC   

 

 

6.11.  cDNA synthesis and Real Time- Quantitative 

Polymerase Chain Reaction 
 

Following total RNA extraction from nematodes, we perform cDNA synthesis using the 

iScript™ cDNA Synthesis Kit (Bio-Rad). In this experiment, separate PCR micro tubes were 

utilized for each sample. Our final sample volume was 20μL and the amount of RNA template 

for each reaction was calculated accordingly, in order to achieve a final cDNA concentration 

of 1000ng/μL per tube. Reactions took place using a thermocycler, equipped with a suitable 

protocol for this specific procedure.  

 

RNA template x μL 

iScript™ 5X Reaction Mix 4 μL 

iScript™ Reverse Transcriptase 1 μL 

RNase-free water To final volume 

 

The reaction protocol for cDNA synthesis by a thermocycler device is described below: 

 25oC for 5 minutes 

 46oC for 30 minutes (one-step cycle) 

 95oC for 1 minute 

 4oC infinitely  

Samples containing cDNA can be stored at -20oC short-termed.  

 

Quantitative Real Time PCR was performed in a Bio-Rad CFX96 Real-Time PCR system, 

and was repeated three times.  

The objective of our Q-PCR reactions was to amplify targeted gene sequences, while 

simultaneously detecting alterations of gene expression among our samples. Gene 

expression levels are analogous to the amount of signal emitted by fluorescent dyes and 

probes, which specifically bind to the amplified DNA.  

In this current study, we designed primer pairs for several genes of interest using the 

BLAST software (Basic Local Alignment Search Tool) provided online by NCBI.  

Primer sequences listed below:  
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Gene Primer Primer sequence Tm oC 

 
skn-1 

FW 5’-TCCACCAGGATCTCCATTCG-3’ ~59 

RV 5’-CTCCATAGCACATCAATCAAGTCG-3’ ~60 

 

hsf-1 

FW 5’-CAATCGGCAAGAACTGTGGAGG-3’ ~62 

RV 5’-CAAAAGTCTATTTCCAGCACACCTCGT-3’ ~64 

 
sod-3 

FW 5’-ATTGCTCTCCAACCAGCGC-3’ ~61 

RV 5’-GGAACCGAAGTCGCGCTTAA-3’ ~61 

 
daf-2 

FW 5’-AGCTCTCGGAACAACCACTG-3’ ~59 

RV 5’-TGACAAGTCGAAGCCGTCTC-3’ ~59 

 

daf-16 

FW 5’-GCGAATCGGTTCCAGCAATTCCAA-3’ ~63 

RV 5’-ATCCACGGACACTGTTCAACTCGT-3’ ~63 

 
set-30 

FW 5’-TTGGAGCTCGCCAATGACAA-3’ ~57 

RV 5’-AGACGACAAAGCGTGATCCA-3’ ~57 

 
hda-2 

FW 5’-TCGTGGAGCACCATCAGTTC-3’ ~59 

RV 5’-CCCCAGTACTGACCAATCCG-3’ ~61 

 
set-14 

FW 5’- ACGGGAAATCCAATCGGTGT-3’ ~57 

RV 5’- CTTCCATTCGTGCGTTTCGG-3’ ~59 

 

set-18 

FW 5’- ACATCTCGCGAACTCTCCG-3’ ~59 

RV 5’- AGAACTTGAGTGGCGAACGG-3’ ~59 

 
set-4 

FW 5’- CGCTGTTCGACTCTATGGCT-3’ ~59 

RV 5’- CTGCCGTAGAAGCAGGTGAT-3’ ~59 

 
act-1 

(housekeeping-
reference gene) 

FW 5’- AGGCCCAATCCAAGAGAGGTATC-3’ ~62 

RV 5’- TGGCTGGGGTGTTGAAGGTC-3’ ~62 

 
pmp-3 

(housekeeping-
reference gene) 

FW 5’- CTTGCTGGAGTCACTCATCGTGTTATG-3’ ~64 

RV 5’- GTCGGGACGCTGATTTATCATCTTC-3’ ~62 

 

 

 

6.12.  Survival and Lifespan assays in C. elegans  
 

Lifespan assays were performed at the maintenance temperature of 20˚C. Synchronization 

of worm populations was achieved by bleaching (hypochlorite treatment) a large amount of 

gravid adults of all knockout strains grown on OP50-seeded NGM plates. Eggs were placed 

immediately on freshly made HFD and UV-killed OP50 plates. The progeny was grown 
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through the L4 larval stage and then transferred to fresh plates in groups of 20-25 worms per 

plate for a total of 150–200 individuals per condition. The day after transferring L4 was used 

as t=1 (days of adulthood). Animals were transferred to freshly made HFD and UV-killed 

OP50 plates every 2 days until the 12th day of adulthood and every 3 days until the end of 

the experiment. This was done in order to avoid confusion of 2nd generation worms with our 

initial population. The animals were examined almost every day and scored as alive or dead 

(if they do not respond to touch). Hermaphrodites with internally hatched eggs (bagging), 

protruding or ruptured vulvas, or those which accidentally die during handling or due to 

dehydration in the edges of the plate, were scored as censored. Contaminated plates were 

excluded from scoring. Out of all repetitions, one representative experiment is shown in the 

corresponding figures. Statistical analysis was performed using the Log-rank (Mantel-Cox) 

test of the Graph Pad Prism 9 software package. 

 

 

6.13.  Assessment of mitochondrial homeostasis by 

quantification of mitochondrial ROS (MitoTracker ® 

staining) using fluorescence microscopy 

 

For the determination of mitochondrial Reactive Oxygen Species, L4-staged wild-type (N2) 
animals, treated with the respective condition since hatching, were transferred on HFD and 
UV-killed OP50 plates supplemented with 0,10μM MitoTracker™ Red CM-H2Xros. After 
overnight incubation at 20°, 25-30 animals were transferred to fresh HFD plates and were 

maintained for 1h, so as to excrete any excess dye that would interfere with our desired 
signal. After 1 hour, fluorescence imaging of live D1-staged worms was performed. For this 
specific dye, we aimed to measure a total fluorescence signal emitted from each animal’s  
entire body. 

Worms were paralyzed with the use of a 20μl drop of 20mM levamisole on standard 
microscope slides. 
Imaging experiments presented here were performed under the epifluorescent 
microscope EVOS FL Auto 2 (Thermofisher Scientific) with a 4x lens. Imaging conditions (e.g. 

exposure, contrast) 
remained consistent throughout each experiment to ensure equal comparability. 
 

 

6.14. Quantification and Statistical Analysis 

 

Quantification of the mean pixel intensity was performed by using the ImageJ software. 

Statistical analysis of all images was performed using the Fiji/ImageJ 125 software 

platform192. Data were analyzed, visualized, and interpreted using GraphPad Prism 9 

software (GraphPad Software, Inc.). Each data set underwent individual testing for normal 

distribution using the Shapiro-Wilk test. For normally distributed data, one-way ANOVA with 
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Brown-Forsythe and Welch tests and Dunnet’s post-hoc correction were utilized. Data are 

presented as mean values ± standard deviation (SD) unless mentioned otherwise. For 

statistical evaluations, p values were derived using the unpaired Student’s t-test and one-way 

ANOVA complemented by Tukey’s multiple comparison test. Significance levels were set as 

follows: *(p < 0.05), **(p < 0.01), ***(p < 0.001), and n.s. indicates no significance (p > 0.1). 

For data that weren’t normally distributed, the Kruskal-Wallis test and Dunn’s post-hoc 

correction were employed. For two-way ANOVA, Tukey’s post-hoc correction was used. 

Lifespan assays were processed and visualized using Kaplan–Meier analysis.  
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7.  Results 
 

 

7.1. Treatment with specific high-fat diet affects lifespan of 

wild-type N2 and knockout C. elegans strains 

 
 

To elucidate the potential effects of dietary interventions on C. elegans lifespan, both the 

wild-type N2 strain and five knockout (KO) strains targeting one histone deacetylase and 

four methyltransferases were subjected to specific HFD. Upon exposure to HFD, the wild-

type N2 strain exhibited a pronounced reduction in lifespan when compared to its lifespan 

under normal dietary conditions (Figure 21A). Interestingly, a contrasting trend was 

observed in the KO strains. All five KO strains, irrespective of the targeted gene, displayed 

a modest increase in lifespan when subjected to HFD, as compared to their lifespan under 

standard dietary conditions (Figure 21B - Figure 21F). Our mutant strains are outcrossed 

with our wild-type strain, so as to exclude the possibility of background mutations that could 

interfere with the observed longevity phenotype. Mean lifespan and statistical significance 

of each comparison are shown below (Figure 23). 
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Figure 21 A-F Lifespan paired analyses of N2 wild type worms and set-4, hda-2, set-18, set-30 and 
set-14 knockout C. elegans strains between normal and high-fat dietary conditions. Survival curves were 

compared with the Log-rank (Mantel–Cox) test (**** denotes P < 0.0001, *** denotes P < 0.001, ** denotes 
P < 0.01, * denotes P < 0.05); detailed values are shown in Figure 24. Graphs are representative. (N=2) 

 

Under normal dietary conditions, we sought to understand the baseline longevity of 

different C. elegans strains. The wild-type N2 strain served as a reference, exhibiting a 

mean lifespan of 19 days. In contrast, all knockout strains displayed a significantly reduced 

mean lifespan (Figure 22A- Figure 22E). Specifically, the VC997 (set-4) and VC719 (set-30) 

knockout strains both had a mean lifespan of 15.5 days. The VC983 (hda-2), VC767 (set-

18), and RG3241 (set-14) knockout strains all showed a mean lifespan of 15 days (Figure 

24).  
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Figure 22 A-E Lifespan analyses of all knockout strains under normal dietary conditions compared to 

N2 wild type. Survival curves were compared with the Log-rank (Mantel–Cox) test (**** denotes 
P < 0.0001); detailed values are shown in Figure 24. Graphs are representative. (N=2) 
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Longevity of various C. elegans strains was also assessed when exposed to HFD. The N2 

wild-type strain, which had a mean lifespan of 16 days, served as the reference. 

Remarkably, most knockout strains displayed lifespans closely aligned with the N2 strain. 

The VC997 (set-4) and VC719 (set-30) strains exhibited mean lifespans of 16 and 16.5 

days, respectively. Similarly, the RG3241 (set-14) strain showed a lifespan of 17 days, 

while the VC983 (hda-2) strain had a slightly reduced lifespan of 15.5 days (Figure 23A, 

Figure 23B, Figure 23D, Figure 23 E). However, the VC767 (set-18) strain showed a 

significant deviation from the N2 reference (Figure 23C) with a mean lifespan of 17.5 days.  

Detailed statistical values and significance levels supporting these findings are shown 

below (Table 1). 
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Figure 23 A-E Lifespan analyses of all knockout strains under high-fat dietary conditions compared to 

N2 wild type. Survival curves were compared with the Log-rank (Mantel–Cox) test (* denotes P < 0.05); 
detailed values are shown in Figure 24. Graphs are representative. (N=2) 
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Table 1 Summary of lifespan experiments. (N=2) 

 

 

 

Strain 

name 

 

Gene 

knockout 

 

Dietary 

treatment 

 

Mean lifespan 

since adulthood 

(Days) 

 

Number of 

deaths/ event 

(n) 

 

P value 

significance 

 

Ref. control 

 

N2 

 

- 

 

normal diet 

 

19 

 

185 

  

 

VC997 

 

set-4 

 

normal 

diet 

 

15.5 

 

127 

 

**** 

 

 

N2 (normal 

diet) 

 

VC983 

 

hda-2 

 

normal 
diet 

 

15 

 

204 

 

**** 
 

 

N2 (normal 
diet) 

 

VC767 

 

set-18 

 

normal 

diet 

 

15 

 

180 

 

**** 

 

 

N2 (normal 

diet) 

 

VC719 

 

set-30 

 

normal 

diet 

 

15.5 

 

208 

 

**** 

 

 

N2 (normal 

diet) 

 

RG3241 

 

set-14 

 

normal 

diet 

 

15 

 

245 

 

**** 

 

 

N2 (normal 

diet) 

 
N2 

 

- 

 

HFD 

 

16 

 

187 

 

 

 

 

 

VC997 

 

set-4 

 

HFD 

 

16 

 

126 

 

ns 

 

N2 (HFD) 

 

VC983 

 

hda-2 

 

HFD 

 

15.5 

 

199 

 

ns 

 

N2 (HFD) 

 

VC767 

 

set-18 

 

HFD 

 

17.5 

 

105 

 

* 

 

 

N2 (HFD) 

 

VC719 

 

set-30 

 

HFD 

 

16.5 

 

241 

 

ns 

 

N2 (HFD) 

 

RG3241 

 

set-14 

 

HFD 

 

17 

 

130 

 

ns 

 

N2 (HFD) 

 
N2 

 
- 

 
HFD 

 
16 

 
187 

 
**** 

 

 
N2 (normal 

diet) 

 

VC997 

 

set-4 

 

HFD 

 

16 

 

126 

 

** 

 

VC997 

(normal diet) 

 

VC983 

 

hda-2 

 

HFD 

 

15.5 

 

199 

 

*** 

 

VC983 

(normal diet) 

 

VC767 

 

set-18 

 

HFD 

 

17.5 

 

105 

 

* 

 

VC767 

(normal diet) 

 

VC719 

 

set-30 

 

HFD 

 

16.5 

 

241 

 

** 

 

VC719 

(normal diet) 

 

RG3241 

 

set-14 

 

HFD 

 

17 

 

130 

 

* 

 

RG3241 

(normal diet) 
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7.2. High-fat dietary conditions affect the generation of 

mitochondria-derived reactive oxygen species in wild-

type and knockout C. elegans strains 
 

 

Afterwards, we aimed to investigate the role of epigenetic modifiers on oxidative stress. For 

this purpose, we measured mean fluorescence intensity of 1-day-old animals of all C. elegans  

strains, after overnight supplementation with the selective mitochondrial dye MitoTracker™ 

Red CM-H2Xros. The wild-type N2 strain, known to have inherently low ROS levels, was 

used as a negative control. 126 Under normal dietary conditions, all mutant strains exhibited 

a pronounced increase in ROS levels when compared to the N2 strain (Figure 25). These 

differences were statistically very significant, as denoted by a significant p-value (p< 0.0001). 

Interestingly, upon transitioning to HFD, all knockout strains demonstrated a marked 

reduction in mitochondrial ROS, a change that was again very significant as indicated by the 

p-value. In contrast, the ROS levels in the N2 strain remained more or less constant under 

HFD. (Figure 25).  

 

 

 

Figure 25 Quantification of mitochondrial ROS (mean fluorescence intensity) in D1 N2 wild-type and set-4, 

hda-2, set-18, set-30 and set-14 knockout C. elegans strains treated under normal and high-fat dietary 

conditions and supplemented overnight with the selective mitochondrial dye MitoTracker™ Red CM-H2Xros. 
(n=50 animals; **** P<0.0001, One-Way ANOVA). (N=2) 
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Figure 26 Alterations in mitochondria-derived ROS levels in Day 1 worms of N2 wild-type and set-4, hda-2, 

set-18, set-30 and set-14 knockout C. elegans strains treated under normal and high-fat dietary conditions. 
Fluorescent images are representative. 
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8.  Discussion 
 

 

In Western nations, metabolic diseases, like obesity, has evolved into an urgent health 

concern, as confirmed by their epidemic levels of prevalence. The intake of high-calorie, 

nutrient-poor diets combined with sedentary lifestyles are primarily liable for a nationwide 

increase in obesity rates. Beyond solely physical health, obesity causes an array of 

metabolic, cardiovascular, and even neurological disorders as adverse effects. 

Understanding the molecular and genetic basis of metabolism is of utmost importance, 

given the enormous impact of dietary habits on health and life expectancy. This has 

prompted the scientific community to investigate the complex interplay between epigenetic 

variables and dietary habits. In the context of C. elegans, a model organism with genetic 

and metabolic pathways similar to those of humans, we sought to explore how specific 

epigenetic factors, represented by our selected mutant strains, influence the organism's 

metabolic response to HFD and its effects on overall lifespan and healthspan. 

Our study provides solid evidence on the differential effects of a specific HFD on the 

average lifespan of C. elegans, with a focus on the wild-type N2 and several knockout 

strains, targeting a histone deacetylase (hda-2) and four methyltransferases (set-4, set-

14, set-18, set-30). 

Under normal dietary conditions, the N2 wild-type strain had a mean lifespan of 19 

days (counting since adulthood), which we used as a reference point for our comparisons. 

Interestingly, under similar conditions, all knockout strains displayed a significantly 

reduced mean lifespan compared to the N2 wild-type. These findings are in accordance 

with the well-established roles of histone methyltransferases and deacetylases in 

regulating longevity, 127–133 suggesting that the lack of these enzymes could render the 

worms more susceptible to a reduced lifespan. 

Upon exposure to HFD, an opposing pattern was revealed. While the N2 wild-type 

strain showed a significant decrease in lifespan, all mutant strains exhibited a moderate 

amelioration. This observation suggests that the knockout strains might be inherently 

resilient to the detrimental effects of HFD, 134,135 potentially as a result of the absence of 

the histone-modifying enzymes. Notably, only the set-18 VC767 knockout strain showed 

a substantial increase in mean lifespan when subjected to a HFD, compared to the N2 

wild-type, indicating that SET-18 methyltransferase may play a specific role in moderating 

the effects of a lipid-rich diet. 

Moreover, the evaluation of mitochondria-derived ROS levels in C. elegans strains of 

all treatments was a crucial parameter of our study. Based on currently available scientific 

research, the N2 wild-type strain can be used as a negative control because it is known to 

display low levels of ROS in its baseline. 126 Our results further corroborated this, since we 

observed significant increases in mitochondrial ROS in all mutant strains, in contrast to the 

N2 wild-type under normal dietary conditions. Nevertheless, upon HFD treatment, all 

knockout strains, except for the N2 wild-type, displayed an enormous reduction in their 

ROS levels. The significant reduction in ROS levels after HFD treatment in the knockout 
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strains may suggest a protective mechanism, accounting for the slight increase in their 

lifespan observed under HFD conditions.  

These observations may be underpinned by a variety of mechanisms. One possible 

interpretation is that the absence of functional epigenetic regulatory enzymes in the 

knockout strains, could activate downstream compensatory pathways that offer increased 

resistance to oxidative stress, especially upon receiving a lipid-rich diet. This could be 

mediated by enhanced antioxidant defenses or alterations in mitochondrial dynamics and 

function. The significance of epigenetic alterations is yet another important parameter to 

take into consideration. Given that the enzymes in question are involved in histone 

modifications, it is plausible that the chromatin landscapes of the knockout strains have 

changed, resulting in distinct gene expression profiles that confer resistance to a HFD.  

In light of our findings, our work contributes, albeit partially, to the understanding of 

the complex interplay between epigenetics, lipid metabolism, and ageing in C. elegans. 

While our findings offer insightful observations, a more holistic approach would require 

comprehensive metabolic assessment. Future perspectives of a more profound 

understanding could be achieved by evaluating mitochondrial bioenergetics, including 

measurements of membrane potential, oxygen consumption rates, mitochondrial mass, 

and lipid accumulation through various staining techniques. Such assessments are crucial 

because they reveal mitochondrial functional status, which is closely linked to cellular 

health, energy balance and, therefore, senescence. Furthermore, although we assessed 

the expression of several important genes by qPCR, including sod-3 (encoding a key 

antioxidant enzyme), hsf-1 (encoding a heat shock transcription factor), skn-1 (encoding a 

transcription factor involved in detoxification and stress response), daf-2 (an insulin/IGF-1 

receptor homolog), and daf-16 (a FOXO transcription factor), we decided not to rely on 

these results, due to their lack of consistency. In C. elegans, these genes are essential in 

numerous pathways, including stress response, longevity, and metabolic regulation. Their 

accurate and robust quantification is crucial for a comprehensive view of the ageing 

process and its modulation by epigenetic and metabolic factors. Owing to the technical 

challenges encountered, we plan to re-evaluate the expression of these genes in our 

upcoming studies. 

In conclusion, our study highlights the need for further research while shedding light 

on certain facets of the complex relationship between epigenetics, lipid metabolism, and 

ageing in C. elegans. To confirm and elaborate upon our findings, more repetitions and a 

wider range of metabolic experiments are imperative. 
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