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Dissertation summary  

During polymicrobial infection, interactions between different microbial species can alter host 

responses and/or microbial virulence and pathogenesis, often complicating patient treatment 

and resolution of infection. Polyunsaturated fatty acids (PUFAs) are not only crucial for normal 

function in mammalian systems, but are also proposed to act as endogenous antimicrobial 

molecules. Thus, we adopted Caenorhabditis elegans to mimic the Pseudomonas aeruginosa 

and Candida albicans polymicrobial infections found in humans. We determined the influence 

of arachidonic acid (AA) and eicosopentaenoic acid (EPA) supplementation on mono- and 

polymicrobial infection, fatty acid (FA) composition and egg retention of the nematodes, as 

well as on expression of FA metabolic genes. Supplementation with either AA or EPA in mono- 

and polymicrobial infections resulted in changes in FA profiles and PUFA biosynthesis 

pathway. We discovered that the degree of egg retention elicited by C. albicans and P. 

aeruginosa varied, with C. elegans exposed to both C. albicans and P. aeruginosa showing 

the highest level of egg retention compared to nematodes infected by either C. albicans or P. 

aeruginosa alone. Interestingly, the AA supplemented infected nematodes showed an 

increased level of egg retention, while EPA supplemented infected nematodes showed a 

significant decrease. Using the C. elegans model, we determined the effects of AA and EPA 

supplementation on the survival of nematodes with mono- and polymicrobial infection. We 

showed that the survival of the infected nematodes was influenced by PUFA-supplementation. 

EPA supplementation effectively reduced C. albicans virulence and inhibited hyphal formation, 

thus leading to a partial rescue of pathogen susceptibility. However, this was not the case for 

P. aeruginosa infections. In fact, EPA supplemented nematodes infected with P. aeruginosa 

were more susceptible. Notably hyphal formation is an important component of Candida 

pathogenesis in mammals. Furthermore, polymicrobial infection resulted in synergistic 

virulence. However, C. albicans did not produce any hyphae in the co-infection of either AA, 

EPA supplemented or unsupplemented nematodes, this suggests that the increase in 

pathogenesis may be associated with increased P. aeruginosa pathogenesis. To further test 

the role of EPA in hyphal formation of C. albicans, we hypothesised that cytochrome P450 

(CYP450) metabolises EPA to 17,18-epoxyeicosatetraenoic acid (17,18-EpETE), inhibiting C. 

albicans hyphal formation. We showed that 17,18-EpETE inhibits C. albicans hyphal formation 

in vitro and in vivo in C. elegans  and that inhibitors of mammalian EPA-metabolising CYP450 

enzymes, 17-octadecynoic acid (17-ODYA) and 6-(2-propargyloxyphenyl)hexanoic acid 

(PPOH) restored C. albicans hyphal formation in vivo. Lastly, the role of EPA on the physiology 

of C. elegans as well as C. albicans in vivo was investigated using gene expression analyses. 

Among the up-regulated genes, we observed several genes with potential roles in lipid 

metabolism, hyphal formation, detoxification, stress response and immune response. For 
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instance, we observed an up-regulation of several involved in the synthesis of FAs, including 

fat-3, fat-4, fat-6, cyp-29A2 and cyp-37A1. Other up-regulated genes were those involved in 

immune response, such as cyp-37B1, daf-16, fipr-22, ilys-2, lys-5, lys-6, spp-12 and fat-3. 

Interestingly common genes involved in hyphal formation, such as CAS5, CRZ1, CTA4, 

ERG11, FCR1, SNQ2, TAC1, TEC1, YOR1 and ZCF3 were also up-regulated. Overall, the 

benefits of EPA supplementation may be two-fold, by inhibiting virulence factors of C. albicans 

and stimulating the immune response of the host. Thus, PUFA supplementation might be 

useful in the treatment of infections in patients caused by C. albicans and P. aeruginosa.  
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1. Section A 

1.1. Motivation 

Infectious diseases have been recognized as one of the global burdens that largely affect the 

world economy. An infection is not a simple two-way interaction between a pathogen and the 

host, but rather includes the interaction with other pathogens colonizing mucosal surfaces. For 

instance, opportunistic pathogens Candida albicans and Pseudomonas aeruginosa can form 

complex communities in a variety of niches within the human body in both healthy individuals 

and in the event of disease (Peleg et al., 2008; Bergeron et al., 2017). Candida albicans and P. 

aeruginosa are often co-isolated at various infection sites, pointing to mixed infections by the 

two, including patient wounds, contaminated catheters (vascular and urinary catheters), the 

sputum of cystic fibrosis patients, bronchial airways and lung infections, and they influence 

each other's virulence potential (Hughes and Kim, 1973; Bauernfeind et al., 1987; Hermann 

et al., 1999; de Macedo and Santos, 2005). Under normal or disease-free conditions, both 

species are commensals of healthy individuals. However, in a diseased state where an 

individualôs defences are supressed, the pathogens become invasive, resulting in serious 

disease and, ultimately, death (Naglik et al., 2004; Hube, 2006; Pfaller and Diekema, 2007). 

The plethora of virulence mechanisms exploited by C. albicans account for why this pathogen 

is well-adapted to the human host. Its dimorphism, for example, makes it a morphologically 

flexible fungus that can colonize the host either in the yeast or filamentous form (Chandra et 

al., 2001; Lohse et al., 2018). In response to certain stimuli (e.g., signaling molecules, 

temperature, and host factors), it switches from yeast form to hyphal form (Gow, 1997; 

Calderone and Fonzi, 2001; Gow et al., 2002; Liu, 2002; Whiteway and Oberholzer, 2004). 

The ability to transition between yeast and filamentous forms have been shown to be an 

important virulence factor during C. albicans infection, the yeast form drives dissemination 

while filamentous form are primarily invasive (Chandra et al., 2001; Gow et al., 2002; Douglas, 

2003). Interestingly, several studies have suggested that P. aeruginosa can influence fungal 

infections by inhibiting growth of C. albicans and eliminating the fungus from the host 

(Bauernfeind et al., 1987; Kerr, 1994; Burns et al., 1999; Gupta et al., 2005; Kaleli et al., 2007; 

Oever and Netea, 2014). However, the interplay between C. albicans and co-localised P. 

aeruginosa does not always have a beneficial effect on the host, but can also result in an 

enhanced virulence of either the fungal or the bacterial species (Neely et al., 1986; Roux et 

al., 2009; Diaz et al., 2012; Xu et al., 2014; Bergeron et al., 2017). The interaction between 

bacteria and fungi can exert effects on microbial behaviour, dissemination, survival, the 

response to antimicrobials and, ultimately, patient prognosis, which often complicates patient 

treatment and resolution of infection (Hogan and Kolter, 2002; Kerr, 1994; McAlester et al., 

Chapter 1 
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2008; Méar et al., 2013; Lindsay and Hogan, 2014; Trejo-Hernández et al., 2014). Moreover, 

C. albicans and co-localised P. aeruginosa form biofilms with increased resistance to 

antimicrobial agents. A significant amount of research has thus focused on gaining an 

understanding of how inter-domain interactions affect biofilm formation and the response to 

antimicrobial therapies (Harriot and Noverr, 2009; Peters et al., 2012; Murray et al., 2014).  

Over the years, in order to circumvent problems associated with antimicrobial resistance, the 

search for new antimicrobials, such as fatty acids (FAs), have gained momentum due to their 

antibacterial, antifungal and antiviral properties (Kohn et al., 1980; Pohl et al., 2011; Yoon et 

al., 2018). Polyunsaturated fatty acids (PUFAs) exhibit a diverse range of important biological 

functions in most biological systems, including acting as endogenous antimicrobial molecules 

(Watts et al., 2003; Deline et al., 2013; Tallima and El Ridi, 2018; Das, 2018). These PUFAs 

can be oxygenated via enzymatic or free radical-mediated reactions to form bioactive 

oxygenated lipid mediators termed oxylipins (Funk, 2001; Catalá, 2010; Stables and Gilroy, 

2011; Massey and Nicolaou, 2011; Vrablik and Watts, 2013). Eicosanoids are broad class of 

oxylipins that are transient and locally synthesized signaling molecules, including 

prostaglandins, leukotrienes, lipoxins and thromboxanes, which mediate various physiological 

responses, such as inflammation (Noverr et al., 2001; Erb-Downward and Huffnagle, 2007). 

Hence, diverse vertebrate and non-vertebrate model organisms including Mus musculus, 

Caenorhabditis elegans, Saccharomyces cerevisiae, Drosophila melanogaster, Danio rerio 

and Arabidopsis have been employed to screen, not just the virulence factors and to decipher 

the common virulence mechanism by pathogens, but to also screen potential antimicrobials 

(Gratacap et al., 2014; Bergeron et al., 2017). Testing pathogenesis and immune defence in 

rodents are generally not feasible due to its expensive maintenance. Thus, the invertebrate 

nematode model C. elegans could represent a valuable alternative. Since C. elegans has a 

well-defined anatomy, short life cycle, genetic similarity to the human genome and range of 

available genetic tools (Brenner, 1974; Corsi et al., 2015), it has been widely used to study 

functions of PUFAs (Watts, 2016). The nematode C. elegans synthesizes all of the enzymes 

necessary to produce a range of omega-6 (n-6) and omega-3 (n-3) FAs and many of the long 

chain PUFAs found in humans (Wallis et al., 2002) and represents a good model organism to 

systematically study the antimicrobial roles of these molecules (Kong et al., 2016). The ability 

to alter FA composition with genetic manipulation and dietary supplementation permits the 

dissection of the roles of n-3 and n-6 FAs in many biological process including reproduction, 

aging, and neurobiology (Watts and Browse, 2002; Watts et al., 2003; Brock et al., 2006; 

Deline et al., 2013; Yi et al., 2014; Anderson et al., 2019; Jia et al., 2019). Studies in C. 

elegans to date have mostly identified overlapping functions of 20-carbon n-6 and n-3 FAs in 

reproduction and in neurons (Vrablik and Watts, 2013; Watts, 2016). However, specific roles 
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for either n-3 or n-6 FAs in pathogenesis are beginning to emerge.  Taken together, these 

studies are an addition to the currently established health-promoting effects of 

monounsaturated fatty acids (MUFAs) (Anderson et al., 2019), thus suggesting an ancient link 

between metabolism, nutrient storages and susceptibility of the host to bacterial infection. The 

resistance of C. albicans and P. aeruginosa to conventional antimicrobial treatment is a major 

scourge in healthcare (Wolcott et al., 2013; Stacy et al., 2016; Costa-Orlandi et al., 2017; Kim 

et al., 2018). To face this global crisis by infectious diseases, the interaction between host and 

infectious agents has to be understood. Therefore, it is crucial that novel potent anti-infectives 

are discovered. Taking into consideration the increasing importance of C. albicans and P. 

aeruginosa towards morbidity and mortality of most hospitalized patients and uprising 

antimicrobial resistance. The aim of the present study was to further define C. albicans and P. 

aeruginosa pathogenicity and to investigate the role of PUFAs on their virulence using a non-

mammalian host model C. elegans. An in-depth understanding of these interactions could be 

exploited for the benefit of mankind. 
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2. Section B 

Section B of chapter 1 is a review article published in Prostaglandins and Other Lipid 

Mediators journal, following the reference style of the journal. 

 

The candidate, Nthabiseng Zelda Mokoena, wrote the manuscript and designed the figures, 

Olihile Sebolai and Jacobus Albertyn edited the manuscripts, while Carolina H. Pohl 

supervised and edited the final manuscript. 
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