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resumo 
 
 

O reino dos fungos inclui várias espécies complexas e perigosas, apesar de 
pouco entendidas. Os fungos patogénicos são conhecidos por causarem 
inúmeros efeitos nefastos em plantas, animais e humanos. O género 
Lasiodiplodia pertence à família Botryosphaeriaceae e inclui fungos que 
causam doenças em vários hospedeiros vegetais, mas que também têm sido 
reportados como causadores de infeção em humanos. Lasiodiplodia 
theobromae e Lasiodiplodia hormozganensis são duas espécies conhecidas 
pela sua capacidade de “cross-kingdom host jump”, isto é, por conseguirem 
infetar repetidamente organismos de diferentes reinos. Sabe-se que lípidos 
produzidos por fungos patogénicos têm papéis importantes na sua relação 
com os hospedeiros. De maneira a compreender melhor o comportamento 
patogénico de espécies do género Lasiodiplodia, o objetivo deste estudo foi 
caracterizar em detalhe o lipidoma de L. theobromae e L. hormozganensis. 
Para este propósito, foi utilizada a cromatografia líquida e gasosa associada à 
espectrometria de massa para identificar fosfolípidos, esfingolípidos, 
triacilgliceróis e ácidos gordos. Os diferentes lípidos presentes no lipidoma das 
espécies em estudo corresponderam a 255 espécies moleculares identificadas 
por LC-MS. Como a maioria dos lípidos identificados estão presentes em 
ambas as espécies, o total de identificações feito equivaleu a 423. 
Relativamente a fosfolípidos, foram identificadas 147 espécies moleculares 
das classes fosfatidilcolina, fosfatidiletanolamina, esfingomielina, ácido 
fosfatídico, cardiolipina, fosfatidilinositol, fofatidilglicerol e fosfatidilserina. 
Relativamente a esfingolípidos, foram identificadas duas ceramidas. No perfil 
de triacilgliceróis foram identificados 83 iões moleculares,  que variaram entre 
TG C47 e TG C61. No perfil de ácidos gordos foram identificados 23 ácidos, 
que  variaram entre FA C14 e C24. Os ácidos gordos mais abundantes foram 
C16:0, C16:1, C16:2, C18:0, C18:1, C18:2 e C18:3. Ácidos gordos ímpares 
como C15, C17 e C19 também foram observados no lipidoma de ambas as 
espécies. Em geral, o perfil lipídico das duas espécies é bastante semelhante. 
Este é o estudo mais completo do lipidoma de espécies de Lasiodiplodia 
realizado até à data. Esperamos que este trabalho possa ajudar a entender a 
lipidómica de fungos e fornecer informação acerca dos lípidos que constituem 
os fungos filamentosos, particularmente espécies patogénicas em plantas e 
oportunistas em humanos.  
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abstract 

 
The fungal kingdom comprises many complex and dangerous, yet 
misunderstood species. Pathogenic fungi are known to cause several 
detrimental effects to plants, animals, and humans. Lasiodiplodia genus  
belongs to the Botryosphaeriaceae family and causes disease on a variety of 
plant hosts but has also been reported to cause infections in humans. 
Lasiodiplodia theobromae and Lasiodiplodia hormozganensis are fungal cross-
kingdom pathogens, meaning that they can repeatedly infect organisms from 
different kingdoms of life. It is known that lipids produced by pathogenic fungi 
have important roles in the host-pathogen relationship. In order to further 
understand the pathogenic behaviour of species of the genus Lasiodiplodia, the 
aim of this study was to fully characterize the lipidome of L. theobromae and L. 
hormozganensis. For this purpose, liquid and gas chromatography coupled to 
mass spectrometry technology were used to identify phospholipids, 
sphingolipids, triacylglycerols and fatty acids. The different lipids present in the 
lipidome of both fungal species amounted to 255 molecular species. Because 
most lipids identified are present in both fungi, the total of identifications made 
was of 423. Regarding phospholipids, 147 molecular species of the classes 
phosphatidylcholine, phosphatidylethanolamine, sphingomyelin, phosphatidic 
acid, cardiolipin, phosphatidylinositol, phosphatidylglycerol and 
phosphatidylserine were identified. Regarding sphingolipids, two ceramides 
were identified. In the triacylglycerol profile 83 molecular ions were identified, 
varying between TG C47 to C61. In the fatty acid profile 23 acids were 
identified, varying between FA C14 to C24. The most abundant fatty acids were 
C16:0, C16:1, C16:2, C18:0, C18:1, C18:2 and C18:3. Odd numbered fatty 
acids such as C15:0, C17:0 and C19:0 have also been observed in the 
lipidome of both species. In general, the lipidomic profiles of both species is 
very similar. This is the most complete study of the lipidome of Lasiodiplodia 
species until date. We hope this work can help to better understand fungal 
lipidomics and provide information on the lipids that constitute filamentous 
fungi, particularly plant pathogenic and human opportunistic species. 
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1.1. Fungi 

Fungi comprise a unique kingdom of life of heterotrophic eukaryotes with a 

carbohydrate cell wall (1). 

The cell wall of fungi is an exceptional feature that distinguishes them from the 

animals, their closest relatives (2). Besides providing a structural barrier, the cell wall is 

an essential component of fungi, involved in cell growth, morphogenesis and 

pathogenicity (3,4). In fungal infections, pathogens establish contact with the host 

through the cell wall, which by itself can justify the importance of this structure (4). 

Regarding its composition, the fungal cell wall has an inner layer of cross-linked 

fibers, such as (1-3)β-D-glucan, (1-6)β-D-glucan and chitin, which confer rigidity to its 

structure. The composition of the outer layer can differ considerably depending on the 

fungal species.  It is usually non-fibrous and composed by glycoproteins, in a gel-like 

matrix where proteins, glucans and mannans aggregate in a strong network of variable 

permeability (3,4). Some species can include a layer of melanin in the cell wall, 

increasing cell wall rigidity and enhancing pathogenicity (3). For representation 

purposes, see Figure 1. 

Though the composition of the fungal cell wall is well known today, it is 

important to note that environmental cues, stages of the life cycle and other factors 

might influence cell wall characteristics, making it a dynamic structure whose 

composition is not unequivocally fixed (3). Pathogenic dimorphic fungi are even able to 

change the cell wall composition when developing inside the host, making them less 

susceptible to its immune responses (5). 

The fungal cell wall works mainly to maintain the integrity of the cell and its 

intracellular osmotic pressure (2), but has other important roles such as determining 

hyphal growth, establishing interactions with the environment (passage of substances), 

protection against UV radiation and providing binding sites for wall-bound enzymes 

(6). 
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Figure 1 – Schematic representation of the fungal cell wall, adapted from Gow et al. (2017). 

The fungal plasma membrane differs from that of other eukaryotes by having 

ergosterol as the main membrane sterol (opposite to cholesterol in animals and β-

sitosterol in plants). For this reason, ergosterol is one of the primary targets of 

antifungal drugs (2). Sterylglycosides are glycolipids usually found bound to the cell 

membrane sterols. In fungi, the most common structure of an ergosterol binding sugar 

is ergosterol-3β-glucoside, and this sterylglycoside is involved in the regulation of host 

immune responses (7). Glucosylceramides (GlcCer) are also found in the fungal plasma 

membrane, usually with a β-linked glucose and ceramide backbone. The ceramide is 

characterized by having a sphingoid base with a C9-methyl group that distinguishes 

the fungal GlcCer from the mammalian and plant kind. GlcCer promotes tolerance to 

alkaline to neutral environments and is also involved in virulent behaviour (7). 

Fungal cells also comprise microtubules and actin filaments that constitute the 

cytoskeleton, enabling the extension of hypha but only when a threshold turgor 

pressure is exceeded (8). Motility structures are not common in fungi but some species 

are able to produce flagellated spores or zoospores (9,10). Fungi rely on spore formation 

and hyphal tip growth to extend the mycelium and colonize new niches (11). 
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Fungi live as heterotrophs, that is, as organisms that do not produce their own 

sustenance and, therefore, take up nutrients from external carbon sources. Since 

phagocytosis of food is not facilitated by the cell wall, fungi absorb nutrients after 

degrading complex polymers of the exterior environment with secreted enzymes (12). 

Also a unique characteristic of fungi is that most have complex life cycles, with 

both sexual and asexual reproduction and production of spores (13). In the past, fungi 

have been classified based on their spore production. The asexual morph, that produces 

asexual spores, was called anamorph, while the sexual morph, that produces sexual 

spores, was called teleomorph. Today, such terminology is no longer used, and 

researchers are working on using only the name of the holomorph, the complete range 

of forms belonging to one fungus (14). 

1.2. Pathogenicity in fungi 

Fungi can be divided in three groups depending on how they obtain their 

nutrients: pathogens, symbionts and saprotrophs. While symbionts live in association 

with the host, encompassing a significant range of relationships (mutualism, 

commensalism and parasitism), and saprotrophs take advantage of dead material, 

decomposing it, pathogens might represent the biggest treat of all, causing damage on 

a huge variety of living organisms (15–17). This division is not always clear, since subtle 

genetic mutations or transcriptional alterations in the fungus and its interactor can 

trigger the transition to a pathogenic state (11). Similarly, some fungal species are not so 

easily categorized into these group because they display facultative trophic forms (17). 

Although most authors define a pathogenic relationship as one that causes 

disease on the host (6,8), Casadevall and Pirofski (1999) have reasoned that this 

definition is far from precise. When we consider a pathogen as responsible for causing 

disease, we are missing possible qualities of both pathogen and host that can 

independently characterize the disease-causing potential of many organisms (18). 

Therefore a pathogen is defined as an organism that causes damage to the host during 
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the organism-host interaction or as consequence of it (1,18), and pathogenicity is the 

capacity of the organism to cause damage in a host (18). 

Pathogens are traditionally seen as either obligate, facultative or opportunistic 

(1). Obligate pathogens usually are able to infect only a limited range of host species 

but can infect even when the host is completely healthy. Facultative pathogens also 

infect a limited range of host species but can survive outside the host. Opportunistic 

pathogens develop normally without dependency of a host but can infect a vast number 

of species. Usually, opportunistic pathogens express low virulence towards a host until 

a scenario where the host’s immunity becomes compromised, time when the pathogen 

can attack aggressively, immediately causing severe disease, or progressively, causing 

initial soft to mild symptoms that gradually become severe (1). 

There are also synergistic infections in which pathogens cause disease only in 

the presence of other pathogens (18), a situation that can involve both fungi and 

bacteria (19). 

A disease state can be identified when the host suffers enough damage to 

disturb its homeostasis (18). While damage is the main characteristic of infectious 

diseases, it can be caused either by the pathogen (by means of toxins and virulence 

factors) or the host (through indirect mechanisms of response) (1). The nature and 

extent of host damage depends on its immunity condition, but most pathogen-host 

interactions are based on a continuum of host- and pathogen-mediated damage that 

leads to disease only when the nature of the damage impairs the normal function of the 

host. This means that disease is not exclusively of the pathogen’s responsibility, and 

some pathogens might not even cause sufficient damage but illicit a response from the 

host that causes disease (18). 

The immunological status of the host is a determining factor for the success of 

the infection process of fungal pathogens (18). But the very interaction of both parts 

depends upon “key-and-lock” situations, in the way that for a host to be susceptible to 
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infection, the genetic basis of both parts must be compatible and allow for the 

molecular interaction that defines the type of relationship (1). 

Although pathogens can cause an array of diseases through multiple ways of 

damaging hosts of all species, the establishment of an infection in plants is always 

based on a few common steps (Figure 2) (1).  

 

 

Figure 2 – General process of infection in plant hosts, adapted from van Baarlen et al. (2007) 

(1). Infection begins with the attachment of the microorganism to the exterior of the plant, it is 

followed by entry through active penetration strategies (a) or natural openings and existing 

wounds (b). Colonization of host tissues can be intracellular (c) or extracellular (d). Dispersal 

of cells allows for new infection.   

The first step of the infection process is the adhesion of the pathogen to the 

outer surface of the host cells or tissues. This might require the use of adhesins or 

specialized adherence proteins that allow firm attachment and enable the 
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microorganism to resist dislodgment caused by climatic factors (1,3). In this situation, it 

is assumed that the development of fungi outside the host tissue is favored by 

environmental conditions such as humidity, light and temperature (20).  

Following adhesion, the microorganism enters the host, using active penetration 

strategies or through wounds and natural openings. Phytopathogenic fungi are known 

to use specialized structures called appressoria to force their entry inside the plant host 

(1,21,22). These modified hyphae usually have melanized walls and exert high turgor 

pressure that facilitates penetration (21,23). Appressoria increase the fungus-plant 

contact area by attaching themselves firmly to the host. A penetration hyphae (or 

infection peg) grows from a pore in the base of the appressoria and goes directly into 

the host tissues, penetrating the cuticle and cell wall (20). 

When not using specialized hyphae, fungi might produce cuticle- and cell wall 

degrading enzymes (CWDEs), but both strategies are frequently used in combination. 

Degrading the cell wall requires the combined action of multiple families of enzymes, 

including cellulases, xylanases, proteases and pectic enzymes (20,24). 

Most pathogenic fungi are able to penetrate living tissues, but some prefer to 

enter through existing wounds that favor spore germination because of conditions such 

as humidity or presence of nutrients (20). Other pathogens prefer to enter through 

natural openings, such as stomata, pores on the epidermis of leaves that allow for the 

exchange of gases involved in respiration and transpiration, and lenticels, big portions 

of porous tissue present on the bark of some trees that enable direct exchange of gases 

(1,20). All efforts used on adhesion and penetration have evolved to cause minimal 

damage to the host tissues and minimize the chances of host immune activation (23).  

Naturally, the fungus can, from this point on, colonize the host in order to feed 

and replicate. The colonization can happen intracellularly or extracellularly depending 

on the pathogen (1). Sometimes, the fungus can persist asymptomatically inside the 

host for some time, resisting elimination by the immune system and only causing 

infection when the immune state of the host is deteriorated (11).  
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The final step is the release and dispersal of reproduction cells, such as fungal 

spores, so that new infection can take place (1). Because the process of infection is 

highly regulated at every stage, it requires fungi to be in constant sensing and signaling 

of the external environment (22). 

The permanence within a host offers benefits beyond an easier and assured 

nutrient uptake, providing protection from the external environment (8). Nevertheless, 

when a pathogen develops within a host it releases pathogen-associated molecular 

patterns (PAMPs) that directly result from its activity or are the product of its 

pathogenicity towards the host (25). Plants have specific receptors for PAMPs, called 

pattern recognition receptors (PRRs), that can activate immune defense pathways (25).  

1.2.1. Phytopathogenic fungi 

Most fungi are adapted to grow in association with a plant host, being that 90% 

of higher plants are associated with fungi at their roots (11), in a symbiotic relation 

termed mycorrhizae (8). Consequently only about 6000 species (out of an estimated 1.5 

million) are known as phytopathogenic, taking advantage of a plant’s resources and 

causing severe disease or even leading to death (11,26). Although they represent a 

minority in their kingdom, phytopathogenic fungi are responsible for more than 70% of 

all crop diseases (6). 

When focusing on the nutritional relationship of plant pathogenic interactions, 

there are necrotrophic and biotrophic pathogens (1,6). Biotrophic pathogens feed on 

living tissues with the help of structures that can absorb nutrients, such as haustoria, 

specialized in feeding and suppressing host defense mechanisms. Necrotrophic 

pathogens cause death to then feed on dead tissues, by invasion and production of 

enzymes and toxins (1). Intermediate forms are called hemibiotrophic, initially feeding 

on living tissues but eventually invading them and causing death (6,23). Necrotrophic 

organisms usually do not bear sophisticated mechanisms for host immune response 

suppression. These organisms cause infections that are termed chronic, when a 
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persisting pathogen causes a long-term infection, or acute, when the pathogen rapidly 

develops and spreads within the host (1). 

In order to successfully develop within a host, biotrophic pathogens developed 

certain features: the continuous suppression of host defense mechanisms; a limited use 

of secretory enzymes; an interfacial multi-layer between fungal and plant plasma 

membrane that is rich in lipids as well as in carbohydrates and proteins; and the 

development of specialized infection structures, in some species including haustoria, 

specialized hyphae that allow the absorption of nutrients from plant tissues (23). 

1.2.2. Virulence and pathogenicity factors 

Virulence is the means through which organisms express their pathogenicity, 

that is, the relative capacity to cause damage to a host (1,18). Therefore virulence is a 

property of the pathogen, although it is modulated by host susceptibility and resistance 

(18). 

Pathogenic fungi produce a vast array of extracellular enzymes that enable them 

to enter and prosper within the host, being involved in the synthesis of toxins (6,26). 

These kind of components that can damage the host and that may or may not be 

essential for the pathogen’s viability are called virulence factors (18). They are expressed 

from specific genes that give pathogenic species the ability to infect their hosts (26). 

Other examples of virulence factors are melanin production, CWDEs and the ability to 

grow at 37°C (7). 

The production and release of degradative enzymes is crucial at the time the 

fungus is entering the host (27). These extracellular hydrolytic enzymes contribute to 

the pathogenicity of the fungus since they promote the destruction of plant tissues, and 

often lead to the activation of the host immune response mechanisms (24,28).  
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1.2.3. Cross-kingdom host jumps  

In order to benefit from successful colonization, it is usual for a pathogen to 

specifically infect just a few species that are phylogenetically related or morphologically 

similar. However, some organisms have the ability to infect a variety of host species, 

sometimes even from different kingdoms of life. When a microorganism infects a 

species from a taxonomic kingdom but gains the ability to repeatedly colonize a species 

from another kingdom, it is called a cross-kingdom host jump (1).  

It is estimated that only about 150 to 400 species of fungi are pathogenic to 

humans (11). Most of these fungi did not evolve to infect humans, but rather began as 

environmental fungi that lived outside the human body and accidentally caused 

exogenous infections (11).  

There is interest in understanding the underlying mechanisms of cross-kingdom 

host jumps because the environment to which fungi must adapt to are so different. 

Human pathogenic fungi have to survive and prosper at temperatures higher than 

phytopathogenic fungi, although they are more protected from the external 

temperature variation that naturally occurs in the environment (29). Nevertheless, pH 

inside the human body can vary from 2 to 8 depending on the cellular compartment, 

although most niches are neutral to mild alkaline. Fungi prefer low pH values, meaning 

they don’t usually adapt to the human pH but rather manipulate it by the production of 

lactic acid and fatty acids (11). 

1.3. The Lasiodiplodia genus 

Lasiodiplodia genus belongs to the family Botryosphaeriaceae. The species 

included in this genus are phytopathogens frequently associated to dieback, a disease 

that commonly affects grapevines and other plant hosts. The genus Lasiodiplodia is 

typically found in warmer climates, such as tropical and subtropical regions (30,31). It is 

characterized morphologically by thick-walled conidia that mature slowly, eventually 
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depositing melanin pigments on the inner surface of the wall and forming longitudinal 

striations (31,32). 

Phylogeny and species identification in the family Botryosphaeriaceae has long 

been a difficult process (30,33). In the last years, enormous advances have been possible 

in species identification due to the rise of molecular genetics techniques (32).  

1.3.1. Lasiodiplodia theobromae 

Lasiodiplodia theobromae (Pat.) Griffon e Maubl. is a phytopathogenic fungus 

that can cause severe disease in various plant hosts, besides having been reported to 

cause, on several occasions, infections in humans, making it a human opportunistic 

pathogen (34). Lasiodiplodia theobromae is described by Úrbez-Torres (2011) as a 

plurivorous fungal species for living on several hosts, known to infect about 500 plant 

species but humans as well (31). Usually the hosts of this species are woody plants or 

fruit trees, where infection by L. theobromae leads to dieback, cankers and fruit, leaf or 

root rot (30,35–39). In humans, infections by this fungi have led to cases of fungal 

keratitis and phaeohyphomycosis, among others (40,41). 

Lasiodiplodia theobromae can also behave as a latent pathogen, since it has the 

ability to colonize a healthy host without causing symptoms. The fungus can be 

isolated from the plant tissues and only start to cause disease symptoms when the host 

is under stress (38). 

Regarding morphology, L. theobromae develops pycnidial, uniloculate 

conidiomata that are dark-brown to black. Paraphyses are hyaline, septate and 

cylindrical with rounded ends, occasionally branched. Conidia are subovoid to 

ellipsoid-ovoid and thick-walled with granular contents. Initially hyaline and aseptate 

to later become dark-brown and one-septate (32).  

When in culture, L. theobromae initially develops a white cotton-like mycelium 

that progressively becomes greyish, being black in reverse (39). 
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1.3.1.1.  The effect of temperature on Lasiodiplodia growth 

Like most Botryosphaeriaceae species, L. theobromae shows a broad range of 

distribution worldwide, being able to adapt to a vast variety of environments (30). 

Although it is commonly associated to warmer regions, with optimal growth between 

27 and 33°C, it can grow under temperatures from 9 to 39°C (42).  

Eight Lasiodiplodia species analyzed by Correia et al. (2016) in a grapevine 

dieback study were isolated in northeastern Brazil, having the optimum temperature 

for mycelium growth varying between 29.9 and 31.2°C. (43). In a similar study regarding 

mango dieback, seven Lasiodiplodia species showed optimal mycelium growth between 

28 and 31°C (36). In both studies, all species could grow at 10°C. 

 Although this Ascomycete occurs mostly in tropical and subtropical regions, 

being well adapted to high environmental temperatures, L. theobromae has a high 

adaptation capacity and has been reported to infect hosts of both warm and cold 

climates. In fact, temperature modulates the extracellular protein production as well as 

the metabolome of L. theobromae. These differences can be related to adaptation to 

specific host conditions (34).  

1.3.1.2.  Plant hosts of Lasiodiplodia theobromae 

 Lasiodiplodia theobromae has long been known to infect a vast number of plant 

hosts (39,44,45). It has been reported as the causal agent of dieback and the major 

pathogen in various plant species, including grapevines (37,43,46), mango trees (36,47), 

banana trees (48) and seedlings of yellow mombin, cashew, soursop and Brazil plum 

(45), sometimes alongside other species from the family Botryosphaeriaceae (Table 1).  

Table 1 – Listing of examples of identification reports of Lasiodiplodia theobromae infections in 

plant hosts.  

Host Location Identification Reference 
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Vitis vinifera Mexico Morphological 
characterization, β-
tubulin gene, ITS, tef1-α 

J. R. Úrbez-Torres et 

al., 2008 

Mangifera indica Brazil ITS, tef1-α Marques et al., 2013 

Banana (species not 

specified) 

India Morphological 

characterization, RAPD 

Sangeetha et al., 2012 

Mangifera indica Peru ITS, tef1-α Edgar Rodríguez-

Gálvez et al., 2017 

Vitis vinifera Peru Morphological 

characterization,  

ITS, tef1-α 

E. Rodríguez-Gálvez et 

al., 2015 

Vitis vinifera Brazil Morphological 

characterization,  

ITS, tef1-α 

Correia et al., 2016 

Spondias mombin 
Anacardium occidentale 
Annona muricata 
Spondias tuberosa 

Brazil Morphological 
characterization 

Lima et al., 2013 

Legend: ITS – internal transcribed spacer, region; tef1-α – translation elongation factor 1-α, gene; RAPD – 
Random amplified polymorphic DNA, markers for genetic diversity 

 
1.3.1.3.  Humans as hosts of Lasiodiplodia theobromae 

 Although rarely, L. theobromae has been reported to infect human tissues. Out 

of the most common diseases caused by this species, is fungal keratitis, a damaging 

infection of the cornea and one of the main causes for ocular morbidity, especially in 

developing countries (40,49–51). Other diseases caused by L. theobromae are fungal 
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sinusitis (52), in this case associated to a neck lymph node, and fungal maxillary 

sinusitis (53). Phaeohyphomycosis is a fungal disease caused by the production of dark, 

melanized filaments in human tissue, and has also been associated to infection by L. 

theobromae (41). A summary of identification reports of human infections is listed in 

Table 2. 

Table 2 – Listing of examples of identification reports of Lasiodiplodia theobromae infections in 

human hosts. 

Disease Location Identification Reference 

Fungal keratitis Brazil, India Morphological 

characterization, 

ITS 

(40,49–51) 

Invasive fungal sinusitis 

with neck lymph node 

South Korea ITS (52) 

Fungal maxillary sinusitis India Morphological 

characterization 

(53) 

Phaeohyphomycosis Jamaica Morphological 

characterization 

(41) 

Legend: ITS – internal transcribed spacer, region 

1.3.2. Lasiodiplodia hormozganensis 

 Lasiodiplodia hormozganensis Abdollahzadeh, Zare & A.J.L. Phillips was first 

described in 2010, among isolates similar to L. theobromae collected from various tree 

species showing signs of dieback (35). This species was described as having stromatic, 

pycnidial conidiomata that are dark-brown to black and covered with a dense 

mycelium. Paraphyses are hyaline, cylindrical and thin-walled. Conidia were initially 
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hyaline and aseptate, ellipsoid to cylindrical with granular content, becoming dark 

brown, ellipsoid to ovoid with longitudinal striations (35).  

When in culture, there is the development of abundant aerial mycelium whose 

surface is grey, being the reverse greenish grey to dark blue (35). 

Lasiodiplodia hormozganensis has been associated to grapevine and mango 

dieback in northeastern Brazil (36,43). In both studies, identification was performed 

recurring to molecular analyses of the ITS region and tef1-α gene, along with 

morphological characterization. This was the first time L. hormozganensis was reported 

in gravepine worldwide. In mango (Mangifera indica), L. hormozganensis was not only 

first reported but one of the most virulent species of the study (36). It was also reported 

as an endophyte in Ficus krishnae, without causing apparent disease (54). 

Recently, L. hormozganensis was reported as a human opportunistic pathogen 

for the first time (55). Sequencing of the genome of the clinical strain CBS339.90, 

isolated from a phaeohyphomycotic cyst and identified as L. theobromae, showed that 

the strain had been misidentified and was in fact L. hormozganensis. Genomic, 

transcriptomic and proteomic data have confirmed L. hormozganensis as a cross-

kingdom pathogen that has the ability to express virulence towards humans and plants 

(55). 

1.4. Lipidomics 

We know today that to accurately understand nature we must not only focus in 

one detail at a time but to understand the interactions that make the whole. Therefore, 

systems biology developed as an interdisciplinary field that collects input from various 

scientific areas in order to systematically study the complex interactions that compose 

biological systems (56). Being lipids some of the most relevant organic compounds 

found in living cells, it was imperative to establish a scientific field focused on their 

investigation. Lipidomics is a recent field, integrated in systems biology, that aims to 

analyze the whole lipidome of a certain species (56,57). The lipidome can be defined as 
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the complete lipid profile of a cell or organism at a certain time and is a subset of the 

metabolome, which includes all the metabolites produced in cells, such as proteins, 

nucleic acids and carbohydrates (57).  

 The term “lipidomics” encompasses the techniques used to study the pathways 

of cellular lipids using mass spectrometry (MS) (58). It is due to the recent 

developments in MS technique, such as increase in sensitivity and resolution, that 

lipidomics is now facing a huge progress (56,58,59), with great aid coming from “soft” 

ionization techniques like electrospray ionization (ESI) and also of exact mass 

resolution, provided by newly high resolution instruments (58). Lipidomic analyses 

comprise the identification and quantification of the lipid species present in sample, 

along with their interactions with other molecules. This includes the determination of 

functions and structures and the analysis of cellular dynamics and any changes that 

happen in a disturbed system (57). Understandably, this kind of analyses take a long 

time and always generate enormous amounts of data. Recent advances in 

bioinformatics have also helped lipidomics by facilitating statistical analyses and 

selecting important information that can provide biological insight (56,58). 

 Commonly seen as hydrophobic compounds, lipids are not always insoluble in 

water and soluble in organic solvents. The International Lipid Classification and 

Nomenclature Committee has described lipids as “hydrophobic or amphipathic small 

molecules that may originate entirely or in part by carbanion-based condensation of 

thioester (fatty acyls, glycerolipids, glycerophospholipids, sphingolipids, saccharolipids, 

and polyketides) and/or by carbocation-based condensations of isoprene units (prenol 

lipids and sterol lipids) (58). 

 Lipids can be divided into eight categories: fatty acids, glycerolipids, 

glycerophospholipds, polyketides, prenol lipids, saccharolipids, sphingolipids, and 

sterol lipids, each forming distinct classes and subclasses of their own (56,57). The 

major component of a lipid is a long, aliphatic, hydrocarbon-type chain which is usually 

bound to a polar head group (57). There is a huge diversity and complexity in lipids 
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that is justified by the endless combinations of polar moieties, fatty acyl chains and 

backbone structures, but that is also responsible for the various challenges imposed on 

the field (56). The diversity of structures is also connected with a vast range of 

functions, although lipids are commonly addressed as an energy source and 

constituents of the plasma membrane (57). 

The cellular functions of lipids are vast and include: the structural integrity of 

eukaryotic plasma membranes, where glycerophospholipids and sphingolipids are 

highly abundant; signal transduction, where, for example,  lipid mediators are formed 

by phospholipases or oxidative modifications on structural lipids; and regulation of 

membrane trafficking, where lipids work together with proteins to regulate the 

assembly of protein complexes (2,56). It is also accepted today that lipids play roles in 

apoptosis, inflammation and immunity (2,58). In all these processes, lipid metabolism 

is subjected to change when the organism’s condition is altered, for example in a 

virulent state. Although the importance of lipids in cellular dynamics, whole lipidomic 

analysis of fungi are still rare in literature (57,60). 

1.4.1. Methods in lipidomics 

To first assess any information on the lipid species present in a cell or organism, 

one should start by obtaining a high purity sample of lipids from this source (56). It is 

important that the homogenization steps are able to break down all subcellular 

organelles without disrupting any vesicular organelles that contain lipases. Sample 

preparation should also be quick and performed at low temperatures to minimize 

undesired enzymatic activity (56). The procedure of lipid extraction should extract 

cellular lipids quantitatively while not contaminating the sample with non-lipidic 

components (56). Lipid extraction, particularly in fungi, is usually based on the 

methods of Folch et al. (1957) with some adaptations (61). Initial steps of lipids 

extraction from fungal tissues often requires mechanical strategies such as using glass 

beads to break the fungal cell wall (62). A nonpolar solvent is necessary, in which most 
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lipid compounds are reasonably soluble, but a polar solvent is also present among the 

blend of solvents, to denature proteins. The extraction is typically done on dry biomass, 

either thermally or by lyophilization. Extraction of lipids from wet biomass requires 

extra steps of preparation that may endanger the yield of lipids obtained after the 

process (62). Traditional lipid analysis used to involve thin-layer chromatography 

(TLC) and gas chromatography (GC) coupled to mass spectrometry (MS). With the 

development and advance of MS techniques, lipidomics emerged as a part of 

metabolomics, and with it new methods have arisen (58). A typical workflow in 

lipidomics can be observed in Figure 3. 

Figure 3 – Lipidomics workflow, adapted from Vaz et al. (2014) (58). It starts with the 

formulation of the biological question, followed by the design of the experiment and 

establishment of a protocol. After obtaining samples and data acquisition, bioinformatic 

techniques allow the analysis of raw data to finally obtain lipids’ identification and biological 

function assignment. 

Mass spectrometry analysis relies on the ionization of molecules in the gaseous 

phase and their separation of the ions in electric fields, which depends on their mass-

to-charge ratio (m/z) (63). A mass spectrometer consists of an ionization source, a mass 

analyzer that measures the m/z of the ionized analytes, a detector that registers the 

number of ions at each m/z value, and a computer to control the settings, as well as to 
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perform data acquisition, analysis, storage and retrieval (64). In lipidomics, mass 

spectrometry is usually coupled to liquid chromatography that allows the separation of 

lipids from different classes. Identification of lipid species is based on three factors: the 

identification of retention time, the identification of the ions formed in the LC-MS data 

and the analysis of typical fragmentation observed in LC-MS/MS mass spectra (65). 

1.4.2. Fungal lipids 

The lipids of fungal species mostly function in cell membranes or as energy 

storage (66), but recent studies suggest an additional role in host-pathogen 

relationships, where lipids are involved in cell signaling (67). Lipids produced by fungi 

can vary deeply between species and strains and even be affected by growth conditions 

and life cycle phases, among other reasons (62,68). The type of lipid present in each 

area of the cell can also vary and be dependent of environmental cues (69). Fungal 

lipids can also work as pathogenicity and virulence factors or as allergens (29,67). 

Fungi infecting animals or plants often accumulate lipids like triacylglycerols 

and fatty acids that serve mainly as metabolic energy sources (69). Fungal lipids are 

commonly the target of antifungals, because lipids constitute the plasma membrane 

and pathogenic fungi often accumulate specific lipids while infecting the host (2,29).  

Most antifungals are carefully thought out to disrupt the lipidic metabolism in 

certain steps of a pathway, which can effectively cease pathogen-caused damage. 

Antifungal drugs like the azoles, allylamines and morpholines work by inhibiting 

certain enzymes involved in ergosterol synthesis: the azoles inhibit cytochrome P450-

dependent lanosterol 14α-demethylase, allylamines inhibit squalene epoxidase and 

morpholines inhibit sterol Δ14-reductase and sterol Δ8,Δ7-isomerase (2). Regarding 

phospholipids, many enzymes involved in the synthesis of phosphatidylcholines (PC) 

show potential to become antifungal targets because higher eukaryotes use the 

Kennedy pathway to produce PC, instead of the methylation pathway used by fungi (2). 
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As some fungi are more prone to produce oils than others, some are called 

oleaginous. These organisms are specially known for their ability to produce and 

accumulate amounts of lipid higher that 20% w/w of their dry cell weight (DCW) 

during growth on glucose or similarly catabolized compounds (62). The accumulation 

of lipids in oleaginous organisms, fungi included, is usually triggered by the scarcity of 

nitrogen in the culture medium (70). In this scenario, excess carbon sources in the 

medium are converted into storage lipids (fatty acids and triacylglycerols). 

There are two types of lipids usually found in fungi: polar lipids (phospholipids) 

and neutral lipids (fatty acyls) (29,62).  

Phospholipids (PL) are the lipids found in the plasma membrane of fungi and 

eukaryotes and are some of the most commonly found lipids in lipidomic analyses of 

fungi. These are also the most sensitive lipids to alterations in the extracellular medium 

(71). Among them, phosphatidylcholines (PC) and phosphatidylethanolamines (PE) are 

the most common and abundant, followed by smaller amounts of phosphatidylinositol 

(PI), phosphatidylserine (PS) and diphosphatidylglycerol (DPG) (61,62,70). PC and PE 

are closely related since the first is synthesized from the second as can be seen in the 

schematic representation of the metabolic network of phospholipids in Figure 4. The 

ratio between PC and PE is important for membrane stability and cell function, since 

PC stabilizes the bilayer of the cell membrane while PE is prone to form non-bilayer 

hexagonal phases (61). PG, PI and PS are also correlated, since all require the same 

precursor, and PS is a precursor to PE and thus PC synthesis (72,73). In yeast, PS is 

found uniquely in the inner surface of the plasma membrane, while PI is used as a 

precursor for complex sphingolipids and is therefore essential for growth and 

metabolism (61). PI also has important roles in signal transduction, mRNA export from 

the nucleus and glycolipid anchoring of plasma membrane proteins (73). 
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Figure 4 – Metabolic network of phospholipids in S. cerevisiae, adapted from Xia et al. (2011) 

(72). CDP-DAG – citidyldiphosphate; DAG – diacylglycerol; PA – phosphatidic acid; PC – 

phosphatidylcholine; PE – phosphatidylethanolamine; PG – phosphatidylglycerol ; PI - 

phosphatidylinositol; PS – phosphatidylserine ; TAG – triacylglycerol. 

On the other hand, neutral lipids (NL) compose a major part of the storage 

lipids in filamentous fungi. Triacylglycerols (TG) and fatty acids (FA) are the most 

common, while monoacylglycerols, diacylglycerols (DAG) and steryl-esters are scarce 

compounds (60,62). Non polar lipids are commonly found as oil droplets in the cell 

(especially in oleaginous microorganisms) since they are highly reactive and can bind 

to and inactivate enzymes and proteins (2,67,69).  

Storage lipids such as FA provide large amounts of ATP when β-oxidized and are 

stored in the form of TGs and sterol esters (STE) when in excess intracellularly (2). FA 

also have important roles in the host-pathogen relationship, as the fatty acid 

composition of both plants and fungi is reported to suffer alteration when the pathogen 

adheres to the host (67).  

 Fungi produce also a variety of sphingolipids,  such as inositolphosphoryl 

ceramides (IPC) and hexosylceramides like glucosylceramides (GlcCer) and 

galactosylceramides (GalCer) (62,67,74,75). Ceramides are sphingolipids with a R group 
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consisting of a hydrogen atom. Sphingolipids are important in the growth and 

development of eukaryotic species and can be involved in a variety of roles in fungi 

such as heat stress response, signal transduction and phagocytosis (76). Nonetheless, 

lipids such as IPC and GlcCer play a determinant role in virulence and pathogenicity of 

fungi (67,74,77). GluCer is important in phytopathogenesis, inducing the defense 

mechanisms of plant species (78). Lipid rafts (LR), signaling structures of the cell 

membrane, are mainly composed by sphingolipids and sterols, and can play a role in 

fungal pathogenicity (2,67). Through these structures, virulence factors may be 

presented and biophysicial properties of the plasma membrane may be altered. The 

defining features of LR are the alteration of plasma membrane thickness and lipid 

composition, which is fundamental for the exchange of toxins (67). 

 Sterols are some of the most important components of the fungal lipidome, 

modulating membrane fluidity and taking an active part of the cell membrane (75,78). 

They have a distinct chemical structure, when compared to other lipids, because they 

are formed through complex reactions from isoprene precursors (75). Ergosterol is the 

most common sterol found in fungi, as mentioned before, and because its biosynthesis 

pathway is different from the mammalian cholesterol synthesis, its pathway is a known 

target for antifungals (2,75). 

Although the analysis of the metabolome of a species can lead to a better 

understanding of the host-pathogen relationship, lipidomic studies on fungi remain 

scarce (55). Kohlwein (2017) has addressed the challenges of analyzing the lipidome of 

yeast species, making remarks on the highly diverse chemical structures, the abrupt 

difference in abundance from one class to another, and a complex variation in acyl 

chain composition of the molecular species (75). 

The genetic analysis of the plant pathogen Fusarium graminearum on 

phospholipid biosynthesis-related genes has revealed that PE and PC are essential for 

the vegetative growth of the species (79). Mutants for three genes involved in the de 
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novo pathway of phospholipid biosynthesis have shown that this pathway is crucial for 

toxin production and full virulence.  

Characterization of fatty acid derivatives of L. theobromae by nuclear magnetic 

resonance (NMR) and gas-chromatography-mass spectrometry (GC-MS) identified 

ethyl linoleate (linoleate ethyl ester or LAEE) as one of the most abundant fatty acid 

esters produced by this fungal species. Ethyl palmitate (palmitate ethyl ester or PAEE), 

stearate ethyl ester (SAEE) and oleate ethyl ester (OAEE) were also identified in the 

samples. In this study, ethyl linoleate was shown to regulate the growth of tobacco 

seedlings, providing a new understanding of the importance of naturally esterified fatty 

acids when produced by phytopathogenic fungi (80). Other than this, there are no 

studies characterizing the lipidome of L. theobromae or L. hormozganensis. 

1.5. Objectives 

The impact of pathogenic fungi on the environment and in world economy is 

well known today. This subject has gained increased attention over the years, 

particularly in the scientific community, and all strategies are welcome when fighting 

such an issue. The fungal genus Lasiodiplodia, of the family Botryosphaeriaceae, is 

known for its pathogenicity to both plants and humans. Thorough investigation on the 

molecular and systems biology of the cross-kingdom pathogen L. theobromae has been 

performed in the recent past, leading to the discovery of the first clinical report of the 

plant pathogen L. hormozganensis. These two species are related in the way that they 

are morphologically very similar and have similar pathogenic behaviors.  

Although the genome, transcriptome, proteome and metabolome of these 

species has been previously characterized (34,81), whole lipidomic analyses have not 

been performed on these species or any other species in the genus Lasiodiplodia. It is 

important to identify and characterize the lipid profile of these species not only to 

complete the contribution that has been made to systems biology but also due to the 

significance that lipids have in fungal cells, as seen before. The lipids identified in both 
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fungi can help to differentiate the two species or elucidate on the mechanisms used to 

cross-kingdom host jump. 

Since the lipidomic characterization of filamentous fungi using modern mass 

spectrometry techniques is still a field under initial development, this research could 

build awareness as to what to expect when analyzing the lipids of fungal species. 

Furthermore, the identification of lipids of pathogenic fungi can lead to the suggestion 

of possible targets for antifungal drugs. This investigation can also elucidate on lipids 

with relevant bioactivity that can be of biotechnological value. 

The aim of this study is to fully characterize the lipidome of L. theobromae and 

of L. hormozganensis, using advanced liquid chromatography mass spectrometry and 

gas  chromatography-mass spectrometry approaches and to compare the lipids 

produced by the two species. 
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2. Methods and materials  
 

 

 

 

 

 

 

 

 

 

 

 



 

26 
 

2.1. Fungal species and isolates 

In this study, an environmental strain of Lasiodiplodia theobromae, LA-SOL3, 

was used. This strain was isolated from Vitis vinifera in Peru and showed to be the most 

aggressive in artificial inoculations trials of cv. Red Globe plants (55). 

A clinical strain of Lasiodiplodia hormozganensis, CBS339.90, obtained from the 

CBS collection of then Westerdijk Fungal Biodiversity Centre, was also used in this 

study. This strain was initially isolated from a phaeohyphomycotic cyst of a patient 

from Jamaica and identified as L. theobromae, but further analysis by sequencing of 

different loci confirmed it as L. hormozganensis (55). 

2.2. Culture conditions 

Cultures were maintained in solid medium (Potato Dextrose Agar, Merck) at 

room temperature (±25 °C). The medium was autoclaved for a period of 20 minutes at 

121 °C after preparation and poured into sterile 45 mm Petri dishes. Inoculation was 

performed by placing a plug (5 mm diameter) of a living culture in the center of the 

dish.  

Liquid growth was used to obtain the fungal mycelium and easily separate it 

from the culture medium. For liquid growth, two plugs of an actively growing culture 

(incubated for 5 days) were inoculated into 50 mL of liquid medium (Potato Dextrose 

Broth, Merck) in 250 mL flasks and incubated at 37 °C for 7 days. The liquid medium 

was previously prepared and autoclaved for a period of 20 minutes at 121 °C. 

All assays were performed in triplicate. The mycelium was collected by 

gravitational filtration through filter paper and stored at -80 °C in 50 mL tubes until 

maceration. 
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2.3. Maceration of the mycelium 

To obtain a powder-like sample for lipid extraction, the frozen mycelium 

obtained by filtration was macerated with liquid nitrogen. A ceramic mortar and pestle, 

along with a stainless-steel tweezer and long spoon were used, being priorly disinfected 

with 96% ethanol. The powder-like sample was stored at -80 °C in 50 mL tubes. 

2.4. Lipid extraction of filamentous fungi 

The total fungal lipids were extracted from the samples previously stored at –80 

°C, following the Bligh and Dyer method (82). 3.75 mL of dichloromethane/methanol 

(1:2, v/v) were added to 300 mg of fungal biomass, in glass centrifuge tubes. To 

homogenize the mixture, the tubes were vortexed and sonicated before incubating on 

ice for 60 min, vortexing every 10 minutes and sonicating for 10 minutes after 30 

minutes. 1.25 mL of dichloromethane was added and the tubes were vortexed. The 

samples were centrifuged at 2000 rpm for 10 minutes at room temperature and the 

supernatant was transferred to a clean glass tube and dried under a nitrogen stream. 

The extraction step was repeated, adding 3.75 mL of dichloromethane/methanol (1:2, 

v/v) and 1.25 mL of dichloromethane to the pellet, followed by vortex and centrifuging. 

The supernatant was added to the previous tube and dried under a nitrogen stream. 

3.75 mL of dichloromethane/methanol (1:2, v/v), 1.25 mL of methanol and 2.25 mL of 

Milli-Q water were added to the supernatant, followed by vortex after each addition 

and centrifuging. Two phases were formed, the upper being the aqueous phase and the 

lower being the organic phase, that contains the extracted lipids. The organic phase 

was transferred to a clean glass tube and 1.88 mL of dichloromethane was added to the 

aqueous phase to wash. The tubes were vortex and centrifuged, before transferring the 

organic phase. The washing step was repeated and the extracted lipids were dried 

under a nitrogen stream. Dichloromethane was added to transfer the extracted lipids to 
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2 mL amber glass vials. The lipids were dried under a nitrogen stream and stored under 

a nitrogen atmosphere at −20 °C. 

2.5. Quantification of phospholipids by phosphorus assay 

The quantification of phospholipids was performed by measuring the 

phosphorus amount in the total lipid extracts, as described by Lopes et al. (2019) (83). 

The extracted lipids were resuspended in dichloromethane and 10 µL was transferred to 

a glass tube. After drying the lipids under a nitrogen stream, 125 µL of 70% perchloric 

acid was added to both samples and phosphate standards (100 μg mL−1 of sodium 

phosphate dibasic dihydrate, ranging from 0.10 to 2.00 μg of phosphorus). The samples 

were heated at 180 °C for 40 min, or until clear, and cooled down until room 

temperature. 825 µL of Milli-Q water, 125 µL of 2.5% ammonium molybdate and 125 µL 

of 10% ascorbic acid were added to both samples and phosphate standards, followed by 

vortex after each addition. All tubes were incubated in a water bath for 10 min at 100 °C 

and cooled down in cold water afterward. 200 µL of samples and standards were 

transferred (in duplicate) to a 96-well plate and the absorbance of was measured at 797 

nm, at room temperature, in a microplate UV-Vis spectrophotometer. 

2.6. Separation of lipids by thin-layer chromatography  

Lipids from the total lipid extract were separated by thin-layer chromatography 

(TLC) using silica gel plates (Supplementary Material 1 and 2). The plates were 

washed with chloroform/methanol (1:1, v/v) prior to the separation and placed in an 

oven at 100 °C for 15 minutes to dry. Spots containing 20 mg of lipids were applied to 

the plates and developed using hexane/ether/acetic acid (80:20:1, v/v/v) as a solvent 

mixture. Separated lipid spots were revealed by exposing the plates to sprayed 

primuline (50 mg/100 mL acetone/water, 80:20, v/v) and visualized under a UV lamp 

(254 and 366 nm; Camag, Berlin, Germany). Fractions of polar and neutral lipids were 

obtained. The spots were scraped off the plates and extracted from silica with 
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dichloromethane/methanol (2:1, v/v) and the fractions of PL  were quantified by the 

phosphorus assay. 

2.7. Polar Lipid Analysis by Hydrophilic Interaction Liquid Chromatography – 

Electrospray Ionization – Mass Spectrometry  

Polar lipids were analyzed by hydrophilic interaction liquid chromatography – 

electrospray ionization – mass spectrometry (HILC-ESI-MS) on a Thermo Scientific 

Accela™ High-Performance Liquid Chromatography (HPLC) system with an 

autosampler online coupled to a QExactive® mass spectrometer with Orbitrap® 

technology (Thermo Fisher, Scientifc, Bremen, Germany). The solvent system consisted 

of two mobile phases: mobile phase A was acetonitrile/methanol/water, 50:25:25 per 

volume, with 1 mM ammonium acetate, and mobile phase B was acetonitrile/methanol, 

60:40 per volume, with 1 mM ammonium acetate. Initially, 0% of mobile phase B was 

held isocratically for 8 min, followed by a linear increase to 50% of A and an increase to 

70% of B within 5 min, followed by a maintenance period of 2 min, returning to the 

initial conditions in 3 min. A volume of 10 µL of each sample containing 10 µg of lipid 

extract and 190 µL of eluent B was introduced into the Ascentis®Si column (15 cm × 1 

mm, 3 µm, Sigma-Aldrich) with a flow rate of 200 µL min–1 and at 35 °C. 

The mass spectrometer with Orbitrap®technology was operated simultaneously 

in positive (electrospray voltage 3.0 kV) and negative (electrospray voltage –2.7 kV) 

modes with a resolution of 70,000 and automatic gain control (AGC) target of 1 × 106, 

the capillary temperature was 250 °C and the sheath gas flow was 15 U. In MS/MS 

experiments, a resolution of 17,500 and AGC target of 1 × 105 were used. Cycles consisted 

of one full scan mass spectrum and ten data-dependent MS/MS scans were repeated 

continuously throughout the experiments with the dynamic exclusion of 60 s and 

intensity threshold of 2 × 104. Normalized collision energy™ (CE) ranged between 25, 30 

and 35 eV. Data acquisition was carried out using the Xcalibur data system (V2.2 
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SP1.48, Thermo Fisher Scientific, USA). Six replicates were performed, corresponding to 

three analytical replicates of two lipid extracts (total of six replicates, N = 3 × 2).  

Manual injection of the triacylglyceride fractions was also performed and 

analyzed by direct infusion ESI-MS in positive mode in the ESI- QExactive® mass 

spectrometer with Orbitrap® technology (Thermo Fisher, Scientifc, Bremen, Germany).   

operating in similar conditions. For ESI-MS analysis, 2 µL of each sample containing 2 

µg of TG extract (plus 998 µL of eluent B and 100 µL of ammonium acetate) was 

injected.  

The identification of molecular species of polar lipids was based on the LC 

retention time, mass accuracy and detailed structural information inferred by MS/MS 

data. Accurate mass measurements (≤5 ppm) were used to confirm the elemental 

composition calculation of empirical formula. Structural characterization of molecular 

species was based on tandem mass spectra interpretation to confirm polar head group 

and fatty acyl chains. 

2.8. Fatty Acid Analysis by Gas Chromatography – Mass Spectrometry  

The total fatty acyl substituents were analyzed after transmethylation of total 

lipid extracts (10 μg), fractions of phospholipid (20 μg) and fractions of triacylglyceride 

(10 μg). Fatty acid methyl esters (FAMEs) were prepared using a methanolic solution of 

potassium hydroxide (2.0 M) and saturated sodium chloride solution, according to the 

methodology previously described by Aued-Pimentel et al. (2004) (84). Volumes of 2.0 

μL of hexane solution containing the FAME were subjected to analysis by gas 

chromatography – mass spectrometry (GC–MS) on an Agilent Technologies 6890 N 

Network (Santa Clara, CA, USA) equipped with a DB-FFAP column with 30 m of length, 

0.32 mm of internal diameter, and 0.25 μm of film thickness (J&W Scientific, Folsom, 

CA, USA). The GC equipment was connected to an Agilent 5973 Network Mass 

Selective Detector operating with an electron impact mode at 70 eV and scanning the 

range m/z 40–500 in a 1-s cycle in a full scan mode acquisition. The oven temperature 
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was programmed from an initial temperature of 80 °C, a standing at this temperature 

for 3 min, a linear increase to 160 °C at 25 °C/min, followed by a linear increase to 190 °C 

at 2°C/min. The injector and detector temperatures were 220 and 280 °C, respectively. 

Helium was used as a carrier gas at a flow rate of 1.4 mL/min. Eighteen replicates were 

performed, corresponding to three analytical replicates of two lipid extracts, divided 

into three lipid fractions (total lipid extract, phospholipid fraction and triacylglyceride 

fraction, N = 3 × 2 x 3). Data acquisition and analysis was carried out using the 

Qualitative Analysis MassHunter Workstation (V10.0, Agilent Technologies, USA) 

against the NIST14.L database. The sum of the areas of the peaks assigned as FA in the 

chromatogram was considered as the total amount of FA. To determine the relative 

content of each FA, areas of each individual peak were divided by the sum of the area of 

all the peaks identified allowing us to determine the relative content of each FA. 
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3. Results and discussion 
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3.1. Identification and characterization of the phospholipid profile of 

Lasiodiplodia theobromae and Lasiodiplodia hormozganensis 

 Identification of the polar lipid profile at the molecular level was performed by 

liquid chromatography-mass spectrometry (LC-MS) and LC-MS/MS. The interpretation 

of the mass spectrometry data collected for fungal total lipid extracts allowed the 

identification of 147 phospholipid (PL) species, most of them present in both fungi. 

Fifty one (51) PL species were present either in the lipidome of L. theobromae or L. 

hormozganensis. In total, 108 molecular species of PL were identified in L. theobromae 

and 135 were identified in L. hormozganensis, representing 243 new identifications. The 

criteria for identifying lipids from each PL class included the accuracy of the mass 

measurements (< 5 ppm), the LC retention time (within the characteristic range for 

each class), and the characteristics of the MS/MS spectra (manual analysis allowed the 

confirmation of the polar head, characteristic ions and fatty acyl composition). 

 A total ion chromatogram (TIC) is a time-dependent representation of the 

relative abundance of molecular species in a sample. A TIC of PL species can be 

observed in Figure 5. In Figure 6 are  reconstructed-ion chromatograms (RIC), a mass-

dependent representation of the relative abundance of molecular species that display a 

representative MS spectrum of each class identified.  
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Figure 5 – Representative TIC of the phospholipids in a sample of Lasiodiplodia theobromae (A) 

and Lasiodiplodia hormozganensis (B). CL – cardiolipin; PC – phosphatidylcholine; PE – 

phosphatidylethanolamine; PI – phosphatidylinositol. 

Regarding the phospholipid profile of L. theobromae, 108 molecular species (m/z 

ions) from 11 classes were identified: phosphatidylcholine (PC, 27 species) and lyso-PC 

(LPC, 4 species) (Table 3), phosphatidylethanolamine (PE, 19 species) and lyso-PE 

(LPE, 10 species) (Table 5), sphingomyelin (SM, 1 species) (Table 8), phosphatidic acid 

(PA, 13 species) and lyso-PA (LPA, 1 species) (Table 10), cardiolipin (CL, 17 species) 

(Table 12), phosphatidylinositol (PI, 7 species) and lyso-PI (LPI, 4 species) (Table 14), 

phosphatidylglycerol (PG, 3 species) (Table 16) and phosphatidylserine (PS, 2 species) 

(Table 18). Two ceramides (Cer, 2 species) were also identified (Table 7). 

Regarding the phospholipid profile of L. hormozganensis, 135 molecular species 

from 11 classes were identified: phosphatidylcholine (PC, 35 species) and lyso-PC (LPC, 

6 species) (Table 4), phosphatidylethanolamine (PE, 28 species) and lyso-PE (LPE, 15 

species) (Table 6), sphingomyelin (SM, 2 species) (Table 9), phosphatidic acid (PA, 13 

species) and lyso-PA (LPA, 1 species) (Table 11), cardiolipin (CL, 18 species) (Table 13), 

phosphatidylinositol (PI, 10 species) (Table 15), phosphatidylglycerol (PG, 6 species) 

(Table 17) and phosphatidylserine (PS, 1 species) (Table 19). 

The PC and LPC species were identified in the mass spectra as [M + H]+ and [M 

+ CH3COO]− molecular ions and PE, LPE and PS were identified as [M + H]+ and [M − 

H]– ions. PAs were identified as [M + NH4]+ and [M-H]– ions. Ceramides and 

sphingomyelins were identified as [M + H]+ ions. The remaining classes were assigned 

as [M − H]– ions. All species were first identified by the LC retention time and by mass 

accuracy. After this step, the tandem mass spectra of each match were analyzed to 

confirm the polar head group. In the MS/MS spectra it was also possible to identify the 

fatty acyl chains that compose the phospholipids, mainly in the negative ion mode, in 

the form of carboxylate anions (RCOO- ions). Information on the fatty acid 
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composition of the lipids identified can be observed in the tables of this chapter. The 

most abundant lipid species is presented in bold. 

Phosphatidylcholines 

Phosphatidylcholines (PC) and lyso-phosphatidylcholines (LPC) were identified 

in the positive ion mode as [M + H]+ ions (Table 3 and Table 4). Species of this class 

were identified in the MS/MS spectra by the presence of the ion of the phosphocholine 

polar head group, at m/z 184. PC and LPC can also be identified in the negative ion 

mode as [M + CH3COO]− ions, which represents a mass shift of plus 58 Da in 

comparison with the [M+H]+ ions. Here, species were identified by MS//MS analysis, by 

the neutral loss of 74 Da and the fragment ion at m/z 168, corresponding to the 

demethylated phosphocholine polar head group. The most abundant PC molecular 

species in the lipidome of L. theobromae and L. hormozganensis were identified in the 

positive ion mode at m/z 758.5699, PC(34:2), and m/z 782.5693, PC(36:4), respectively.  

The LC-MS spectra showing the representative profile of the PC class of both 

fungi can be observed in Figure 6, along with MS/MS spectra of two abundant 

molecular species of this class, both in positive and negative ion mode. 

Table 3 – Phosphatidylcholine identified in Lasiodiplodia theobromae by LC-MS and LC-

MS/MS (mass error < 5 ppm). 

Observed m/z Lipid species (C:N) Fatty acyl chains 

PC identified as [M+H]+ 

496.3401 LPC(16:0) 16:0 
524.3713 LPC(18:0) ** 
522.3561 LPC(18:1) 18:1 
520.3396 LPC(18:2) 18:2 
718.5377 PC(31:1) ** 
714.5088 PC(31:3) * 
734.5703 PC(32:0) ** 
732.5518 PC(32:1) * 
730.5389 PC(32:2) ** 
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744.5535 PC(33:2) ** 
760.5856 PC(34:1) (16:0/18:1) 
758.5699 PC(34:2) (16:0/18:2) and (16:1/18:1) 
756.5548 PC(34:3) (16:0/18:3) and (16:1/18:2) 
754.5386 PC(34:4) * 
752.5223 PC(34:5) * 
772.5865 PC(35:2) ** 
770.5696 PC(35:3) ** 
788.6152 PC(36:1) * 
786.6012 PC(36:2) (18:1/18:1) and (18:0/18:2) 
784.5850 PC(36:3) (18:1/18:2) and (18:0/18:3 
782.5703 PC(36:4) (18:2/18:2) and (18:1/18:3) 
780.5519 PC(36:5) * 
778.5362 PC(36:6) * 
800.6152 PC(37:2) ** 
814.6317 PC(38:2) * 
812.6164 PC(38:3) (18:2/20:1) and (18:1/20:2) 
802.5359 PC(38:8) * 
844.6781 PC(40:1) ** 
856.6785 PC(41:2) ** 
870.6954 PC(42:2) ** 

PC identified as [M + CH3COO]- 

868.6078 PC(38:4) (18:2/20:2) 
Legend: C – number of carbon atoms; N – number of double bonds on the fatty acyl chains; *molecular 
species confirmed by the LC retention time and exact mass; **molecular species confirmed by the LC 
retention time, exact mass and the polar head ion 

Table 4 – Phosphatidylcholine identified in Lasiodiplodia hormozganensis by LC-MS and LC-

MS/MS (mass error < 5 ppm). 

Observed m/z Lipid species (C:N) Fatty acyl chains 

PC identified as [M+H]+ 

496.3399 LPC(16:0) 16:0 
510.3568 LPC(17:0) * 
524.3723 LPC(18:0) 18:0 
520.3402 LPC(18:2) 18:2 
518.3244 LPC(18:3) 18:3 
676.4904 PC(28:1) * 
706.5391 PC(30:0) * 
720.5515 PC(31:0) * 
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718.5394 PC(31:1) (18:1/13:0) and (18:0/13:1) 
714.5064 PC(31:3) (18:2/13:1) 
734.5701 PC(32:0) ** 
730.5391 PC(32:2) ** 
744.5546 PC(33:2) * 
760.5848 PC(34:1) (16:0/18:1) 
758.5702 PC(34:2) (16:0/18:2) and (16:1/18:1) 
756.5546 PC(34:3) (16:0/18:3) and (16:1/18:2) 
754.5386 PC(34:4) ** 
752.5224 PC(34:5) * 
774.5997 PC(35:1) * 
772.5855 PC(35:2) ** 
770.5698 PC(35:3) ** 
768.5536 PC(35:4) ** 
788.6144 PC(36:1) ** 
786.5995 PC(36:2) (18:1/18:1) and (18:0/18:2) 
784.5856 PC(36:3) (18:1/18:2) and (18:0/18:3) 
782.5693 PC(36:4) (18:2/18:2) and (18:1/18:3) 
780.5540 PC(36:5) ** 
778.5383 PC(36:6) ** 
798.6002 PC(37:3) ** 
814.6304 PC(38:2) * 
812.6165 PC(38:3) (18:2/20:1) and (18:1/20:2) 
810.6022 PC(38:4) (18:2/20:2) 
802.5364 PC(38:8) ** 
800.5201 PC(38:9) * 
844.6779 PC(40:1) ** 
834.5985 PC(40:6) * 
856.6795 PC(41:2) ** 
870.6956 PC(42:2) ** 
868.6797 PC(42:3) ** 
884.7120 PC(43:2) ** 

PC identified as [M + CH3COO]- 

580.3627 LPC(18:1) 18:1 
Legend: C – number of carbon atoms; N – number of double bonds on the fatty acyl chains; *molecular 
species confirmed by the LC retention time and exact mass; **molecular species confirmed by the LC 
retention time, exact mass and the polar head ion 
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Figure 6 – LC-MS spectrum representative of the phospholipid subclass phosphatidylcholine 

(PC) of L. theobromae (A) and L. hormozganensis (B), identified as [M+H]+ ions. ESI-MS/MS 

spectra of [M+H]+ ions at m/z 758.57 (C) and [M+CH3COO]− ions at m/z 816.58 (D), 

corresponding to PC(34:2). ESI-MS/MS spectra of [M+H]+ ions at m/z 496.34 (E) and 

[M+CH3COO]− ions at m/z 554.35 (F), corresponding to LPC(16:0). *background 

 In sum, 37 individual molecular species were identified for the PC class: 25 were 

found in both fungi and 12 were observed isolated in one species or another (Figure 7). 

Lasiodiplodia hormozganensis was the species with larger number of 

phosphatidylcholines, with 10 additional new identifications in addition to the 25 that 

are common to both fungi. Two molecular species PC(32:1) and PC(37:2) were identified 

in the samples of L. theobromae, but not in L. hormozganensis. 

 LPC were also more abundant in L. hormozganensis, with 6 identifications, 

while in L. theobromae only 4 molecular species were found and all are present in L. 

hormozganensis. 
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Figure 7 – Venn diagram of PC and LPC present in the lipidomic profile of Lasiodiplodia 

theobromae and Lasiodiplodia hormozganensis.  

 PC and PE have been reported as the most abundant lipids of fungal species in 

several studies (66,85–87), although most identify a much smaller number of molecular 

species or do not have information for fatty acyl composition. These are the most 

commonly found classes of phospholipids. In phytopathogenic fungi, PC and PE have 

been reported as essential for growth and their pathway as crucial for toxin production 

and full virulence (79). 

Phosphatidilethanolamines 

Phosphatidylethanolamines (PE) and lyso-phosphatidylethanolamines (LPE) 

were identified in the positive ion mode as [M + H]+  ions (Table 5 and Table 6). 

Species of this class were confirmed by the neutral loss of 141 Da observed in the ESI-

MS/MS spectra, which corresponds to the neutral loss of the phosphoethanolamine 

polar head group.  PE and LPE can also be identified in the negative ion mode as [M − 

H]– molecular ions. In this mode, molecular species were identified by the fragment 

ions at m/z 140, corresponding to the phosphoethanolamine polar head group, and the 

abundant ion at m/z 196. The most abundant PE molecular species in the lipidome of L. 

theobromae and L. hormozganensis were identified in the positive ion mode at m/z 

716.5236 and m/z 716.5234 [PE(34:2)], respectively. 
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A LC-MS spectra of PE species of both fungi can be observed in Figure 8, along 

with MS/MS spectra of two abundant molecular species of this class, in both positive 

and negative ion mode. 

Table 5 – Phosphatidylethanolamine identified in Lasiodiplodia theobromae by LC-MS and LC-

MS/MS (mass error < 5 ppm). 

Observed m/z Lipid species (C:N) Fatty acyl chains 

PE identified as [M+H]+ 

426.2618 LPE(14:0) * 
454.2933 LPE(16:0) 16:0 
468.3092 LPE(17:0) 17:0 
466.2935 LPE(17:1) 17:1 
482.3261 LPE(18:0) * 
480.3091 LPE(18:1) 18:1 
478.2934 LPE(18:2) 18:2 
476.2755 LPE(18:3) * 
508.3405 LPE(20:1) * 
504.3078 LPE(20:3) * 
634.4459 PE(28:0) * 
692.5232 PE(32:0) * 
690.5077 PE(32:1) * 
688.4911 PE(32:2) (14:0/18:2) 
704.5258 PE(33:1) (15:0/18:1) and (16:0/17:1) 
718.5391 PE(34:1) (16:0/18:1) 
716.5236 PE(34:2) (16:0/18:2) 
714.5077 PE(34:3) (16:0/18:3) and (16:1/18:2) 
730.5389 PE(35:2) * 
728.5228 PE(35:3) (17:1/18:2) 
746.5674 PE(36:1) * 
744.5545 PE(36:2) (18:1/18:1) 
742.5380 PE(36:3) (18:2/18:1) 
740.5231 PE(36:4) (18:2/18:2) 
770.5713 PE(38:3) ** 

PE identified as [M-H]- 

772.5826 PE(38:1) * 
770.5707 PE(38:2) (18:1/20:1) and (20:0/18:2) 
766.5393 PE(38:4) * 
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764.5202 PE(38:5) * 
Legend: C – number of carbon atoms; N – number of double bonds on the fatty acyl chains; *molecular 
species confirmed by the LC retention time and exact mass; **molecular species confirmed by the LC 
retention time, exact mass and the polar head ion 

Table 6 – Phosphatidylethanolamine identified in Lasiodiplodia hormozganensis by LC-MS and 

LC-MS/MS (mass error < 5 ppm). 

Observed m/z Lipid species (C:N) Fatty acyl chains 

PE identified as [M+H]+ 

426.2615 LPE(14:0) * 
454.2934 LPE(16:0) 16:0 
452.2778 LPE(16:1) 16:1 
468.3091 LPE(17:0) 17:0 
466.2934 LPE(17:1) 17:1 
482.3261 LPE(18:0) * 
480.3092 LPE(18:1) 18:1 
478.2936 LPE(18:2) 18:2 
476.2756 LPE(18:3) 18:3 
508.3405 LPE(20:1) 20:1 
506.3258 LPE(20:2) 20:2 
504.3080 LPE(20:3) * 
502.2912 LPE(20:4) 20:4 
500.2753 LPE(20:5) * 
692.5232 PE(32:0) (16:0/16:0) 
690.5078 PE(32:1) (14:0/18:1) and (16:1/16:0) 
688.4909 PE(32:2) (14:0/18:2) 
704.5243 PE(33:1) (18:1/15:0) and (17:1/16:0) 
700.4940 PE(33:3) ** 
718.5377 PE(34:1) (16:0/18:1) 
716.5234 PE(34:2) (16:0/18:2) 
714.5077 PE(34:3) (16:0/18:3) 
712.4935 PE(34:4) * 
728.5224 PE(35:3) (18:2/17:1) 
746.5671 PE(36:1) * 
744.5547 PE(36:2) (18:1/18:1), (16:0/20:2) and (18:0/18:2) 
742.5380 PE(36:3) (18:1/18:2) and (18:0/18:3) 
740.5213 PE(36:4) (18:2/18:2) 
738.5054 PE(36:5) * 
772.5857 PE(38:2) (18:1/20:1) 
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770.5696 PE(38:3) (18:1/20:2) and (18:2/20:1) 
768.5524 PE(38:4) (18:2/20:2), (18:1/20:3) and (18:3/20:1) 
766.5359 PE(38:5) * 
764.5201 PE(38:6) * 
794.5675 PE(40:5) * 
792.5517 PE(40:6) * 

PE identified as [M-H]- 

438.2632 LPE(15:0) 15:0 
634.4460 PE(28:0) * 
700.4948 PE(33:2) (16:0/17:2) and (15:0/18:2) 
728.5247 PE(35:2) (17:0/18:2) and (17:1/18:1) 
734.4789 PE(36:6) (18:3/18:3) and (18:3O) 
756.5534 PE (37:2) (18:1/19:1) 
754.5375 PE (37:3) (18:2/19:1) 

Legend: C – number of carbon atoms; N – number of double bonds on the fatty acyl chains; *molecular 
species confirmed by the LC retention time and exact mass; **molecular species confirmed by the LC 
retention time, exact mass and the polar head ion 
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Figure 8 – LC-MS spectra representative of the phospholipid subclass 

phosphatidylethanolamine (PE) of L. theobromae (A) and L. hormozganensis (B), identified as 

[M+H]+ ions; ESI-MS/MS spectra of PE(34:2), of the corresponding [M+H]+ ions at m/z 716.52 

(C) and [M-H]−  ions at m/z 714.51 (D). ESI-MS/MS spectrum of LPE(18:2), of the corresponding 

[M+H]+ ions at m/z 478.29 (E) and [M-H]− ions at m/z 476.28 (F). *background 

In sum, 29 individual molecular species were identified for the PE class, 18 of 

those found in both fungi (Figure 9). Lasiodiplodia hormozganensis was the species 

with larger number of phosphatidylcholines, with 10 additional new identifications in 

addition to the 18 that are common to both fungi. One molecular species, PE(38:1), was 

identified in the samples of L. theobromae, but not in L. hormozganensis. 
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LPE were also more abundant in L. hormozganensis, with 15 identifications, 

while in L. theobromae only 10 molecular species were found and all are present in L. 

hormozganensis. 

Figure 9 – Venn diagram of PE and LPE present in the lipidomic profile of L. theobromae and 

L. hormozganensis. 

Ceramides and sphingomyelins 

Ceramides and sphingomyelins were identified in the positive mode as [M + H]+ 

ions (Table 7, Table 8 and Table 9). In the ESI-MS/MS spectrum, ceramides were 

identified by the fragment ions of the sphingoid base and ions of the FA amide 

substituent. Only two molecular species of Cer were identified, in the lipidome of L. 

theobromae. The most abundant was identified at m/z 668.6553 [Cer(42:0)] and can be 

observed in Figure 10.  

Sphingomyelins were identified in the ESI-MS/MS spectrum by the abundant 

ion at m/z 184, corresponding to the phosphocholine polar head group. The most 

abundant SM molecular species identified was in the lipidome of L. hormozganensis, at 

m/z 717.5904 [SM(d35:1)]. An MS/MS spectrum of SM(d34:1), identified in L. 

hormozganensis, can be observed in Figure 11. 
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Table 7 – Ceramides identified in Lasiodiplodia theobromae by LC-MS and LC-MS/MS (mass 

error < 5 ppm). 

Legend: C – number of carbon atoms; N – number of double bonds on the fatty acyl chains; *molecular 
species confirmed by the LC retention time and exact mass 

Table 8 – Sphingomyelins (SM) identified in Lasiodiplodia theobromae by LC-MS and LC-

MS/MS (mass error < 5 ppm). 

Legend: C – number of carbon atoms; N – number of double bonds on the fatty acyl chains; *molecular 
species confirmed by the LC retention time and exact mass 

Table 9 – Sphingomyelins (SM) identified in Lasiodiplodia hormozganensis by LC-MS and LC-

MS/MS (mass error < 5 ppm). 

Observed m/z Lipid species (C:N) Fatty acyl chains 

Sphingomyelins identified as [M+H]+ 

703.5750 SM(d34:1) ** 
717.5904 SM(d35:1) * 

Legend: C – number of carbon atoms; N – number of double bonds on the fatty acyl chains; *molecular 
species confirmed by the LC retention time and exact mass; **molecular species confirmed by the LC 
retention time, exact mass and the polar head ion 

Observed m/z Lipid species (C:N) Fatty acyl chains 

Ceramides identified as [M+H]+ 

568.5662 Cer(d36:0) * 
668.6553 Cer(t42:0) (18:0/24:0) 

Observed m/z Lipid species (C:N) Fatty acyl chains 

Sphingomyelins identified as [M+H]+ 

717.5905 SM(d35:1) * 
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Figure 10 – ESI-MS/MS spectrum of Cer(t42:0), of corresponding [M+H]+ ions at m/z 668.65. 

The successive loss of three molecules of H2O allows for the identification of the sphingoid base 

as a phytosphingosine. 

 

Figure 11 – ESI-MS/MS spectrum of SM(d34:1), of corresponding [M+H]+ ions at m/z 703.5751. 

Only two individual molecular species were identified for the SM subclass 

among the lipidomes of L. theobromae and L. hormozganensis, respectively one and 

two, but one sphingomyelin was common to both species (Figure 12). 

Sphingomyelins have not been reported before in fungi. 
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Figure 12 – Venn diagram of Cer and SM present in the lipidomic profile of L. theobromae and 

L. hormozganensis. 

Phosphatidic acids 

Phosphatidic acids (PA) were identified in the negative ion mode as [M-H]– ions 

(Table 10 and Table 11) and confirmed in the ESI-MS/MS spectrum by the abundant 

ion at m/z 153. PA can also be identified in the positive ion mode as [M + NH4]+ 

molecular ions, by the neutral loss of 115 Da observed in the ESI-MS/MS spectrum (88). 

The most abundant PA molecular species in the lipidome of L. theobromae and L. 

hormozganensis were identified in the negative ion mode at m/z 671.4667 [PA(34:2)] 

and m/z 695.4668 [PA(36:4)], respectively.  

A LC-MS spectra of PA species of both fungi can be observed in Figure 13, along 

with MS/MS spectra of two abundant molecular species of this class, PA(36:4) in the 

negative ion mode and PA(28:0) in the positive ion mode. 

Table 10 – Phosphatidic acid identified in Lasiodiplodia theobromae by LC-MS and LC-MS/MS 

(mass error < 5 ppm). 

Observed m/z Lipid species (C:N) Fatty acyl chains 

PA identified as [M+NH4]+ 
610.4453 PA(28:0) ** 
650.4401 PA(30:2(OH)) ** 
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690.4716 PA(33:3(OH)) ** 

PA identified as [M-H]- 
433.2360 LPA(18:2) * 
673.4817 PA(34:1) * 
671.4667 PA(34:2) (16:0/18:2) 
669.4506 PA(34:3) (16:1/18:2) 
701.5107 PA(36:1) (18:0/18:1) 

699.4972 PA(36:2) (18:1/18:1) and (18:0/18:2) 
697.4818 PA(36:3) (18:1/18:2) 
695.4664 PA(36:4) (18:2/18:2) 
693.4508 PA(36:5) * 
727.5272 PA(38:2) * 
725.5133 PA(38:3) * 

Legend: C – number of carbon atoms; N – number of double bonds on the fatty acyl chains; *molecular 
species confirmed by the LC retention time and exact mass; **molecular species confirmed by the LC 
retention time, exact mass and the polar head ion 

Table 11 – Phosphatidic acid identified in Lasiodiplodia hormozganensis by LC-MS and LC-

MS/MS (mass error < 5 ppm). 

Observed m/z Lipid species (C:N) Fatty acyl chains 

PA identified as [M-H]- 
433.2358 LPA(18:2) 18:2 
673.4818 PA(34:1) * 
671.4669 PA(34:2) (16:0/18:2) 
669.4514 PA(34:3) (16:0/18:3) and (16:1/18:2) 
701.5101 PA(36:1) (18:0/18:1) 

699.4981 PA(36:2) (18:1/18:1) and (18:0/18:2) 
697.4822 PA(36:3) * 
695.4668 PA(36:4) (18:2/18:2) and (18:1/18:3) 
693.4512 PA(36:5) (18:2/18:3) 
691.4359 PA(36:6) (18:3/18:3) 
685.4819 PA(35:2) (17:0/18:2) and (17:1/18:1) 
683.4667 PA(35:3) (17:1/18:2) 
727.5272 PA(38:2) * 
725.5145 PA(38:3) * 

Legend: C – number of carbon atoms; N – number of double bonds on the fatty acyl chains; *molecular 
species confirmed by the LC retention time and exact mass 
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Figure 13 – LC-MS spectra representative of the phospholipid subclass phosphatidic acid (PA) 

of L. theobromae (A) and L. hormozganensis (B), identified as [M-H]- ions; ESI-MS/MS spectra 

of PA(28:0), corresponding of [M+NH4]+ ions at m/z 610.45 (C). MS/MS spectra of PA(36:4), 

corresponding of [M-H]- ions at m/z 695.47 (D). *background 

In sum, 16 individual molecular species were identified for the PA subclass, 

meaning that 10 were found in both fungi and 6 were observed isolated in one species 

or another (Figure 14). Both species had the same number of phosphatidic acids and 

both had 3 additional new identifications in addition to the 10 that are common. Two 

oxidated species [PA(30:2(OH))and PA(33:3(OH))] were identified in the samples of L. 

theobromae, but not in L. hormozganensis. 

 Regarding LPAs, only one species was identified in both fungi, LPA(18:2). 
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Figure 14 – Venn diagram of PA and LPA present in the lipidomic profiles of L. theobromae and 

L. hormozganensis. 

Cardiolipins 

Cardiolipins (CL) were identified in the mass spectra as [M − H]– ions (Table 12 

and Table 13). CL were identified by the fragment ions at m/z values of 415, 695 and 

831. The most abundant CL molecular species in the lipidome of L. theobromae and L. 

hormozganensis were identified at m/z 1451.9941 [CL(72:6)] and m/z 1449.9796 

[CL(72:7)], respectively.  

A LC-MS spectra of CL species of both fungi can be observed in Figure 15, along 

with MS/MS spectra of two abundant molecular species of this class. 

Table 12 – Cardiolipins identified in Lasiodiplodia theobromae by LC-MS and LC-MS/MS (mass 

error < 5 ppm). 

Observed m/z Lipid species (C:N) Fatty acyl chains 

CL identified as [M-H]- 
1185.7344 CL(54:6) (16:0/18:2/18:1) 
1379.9906 CL(66:0) * 
1432.0247 CL(70:2) * 
1430.0097 CL(70:3) * 
1427.9942 CL(70:4) * 
1425.9761 CL(70:5) (16:0/18:2/18:2/18:2) and 

(16:1/18:3/18:1/18:0) 
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1423.9673 CL(70:6) (16:0/18:2/18:2/18:2) 
1456.0237 CL(72:4) (18:1/18:1/18:1/18:1) 
1454.0084 CL(72:5) (18:1/18:2/18:1/18:1) 
1451.9941 CL(72:6) * 
1449.9781 CL(72:7) (18:0/18:2/18:2/18:3) and 

(18:1/18:1/18:2/18:3) 
1447.9640 CL(72:8) (18:1/18:1/18:2/18:3) 
1471.9605 CL(74:10) * 
1469.9451 CL(74:11) * 
1478.0070 CL(74:7) * 
1475.9913 CL(74:8) * 
1473.9763 CL(74:9) * 

Legend: C – number of carbon atoms; N – number of double bonds on the fatty acyl chains; *molecular 
species confirmed by the LC retention time and exact mass 

Table 13 – Cardiolipins identified in Lasiodiplodia hormozganensis by LC-MS and LC-MS/MS 

(mass error < 5 ppm). 

Observed m/z Lipid species (C:N) Fatty acyl chains 

CL identified as [M-H]- 
1185.7350 CL(54:6) * 
1379.9904 CL(66:0) * 
1432.0208 CL(70:2) * 
1430.0063 CL(70:3) * 
1427.9900 CL(70:4) * 
1425.9766 CL(70:5) (16:0/18:1/18:2/18:2), (16:0/18:0/18:2/18:3), 

(16:1/18:0/18:2/18:2) and (17:0/17:0/18:2/18:3) 

1423.9548 CL(70:6) (16:0/18:2/18:2/18:2) and (16:1/18:1/18:2/18:2) 
(16:0/18:1/18:2/18:3) 

1458.0359 CL(72:3) * 
1456.0214 CL(72:4) (18:0/18:0/18:1/18:3), (18:0/18:1/18:1/18:2) and 

(18:1/18:1/18:1/18:1) 

1454.0123 CL(72:5) (18:1/18:1/18:1/18:2) 
1451.9946 CL(72:6) * 
1449.9834 CL(72:7) (18:0/18:2/18:2/18:3) and (18:1/18:1/18:2/18:3) 

1447.9646 CL(72:8) (18:1/18:1/18:2/18:3) 
1445.9451 CL(72:9) (18:2/18:2/18:2/18:3) 
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1471.9594 CL(74:10) * 
1469.9456 CL(74:11) * 
1478.0049 CL(74:7) * 
1473.9757 CL(74:9) * 

Legend: C – number of carbon atoms; N – number of double bonds on the fatty acyl chains; *molecular 
species confirmed by the LC retention time and exact mass 

Figure 15 – LC-MS spectra representative of the phospholipid subclass cardiolipin (CL) of L. 

theobromae (A) and L. hormozganensis (B), identified as [M-H]-  ions; ESI-MS/MS spectra of 

[M-H]- ions at m/z 1425.98 [CL(70:5)] of L. theobromae (C) and of [M-H]- ions at m/z 1449.9834 

[CL(72:7)] of L. hormozganensis (D). *background 

In sum, 19 individual molecular species were identified for the CL subclass, 

meaning that 16 were found in both fungi and 3 were observed isolated in one species 

or another (Figure 16). In the lipidome of L. theobromae, 17 identifications were made, 

while in L. hormozganensis there were 18. Respectively, each species had one and two 

CLs identified, in addition to the common 16 molecular species. 
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Figure 16 – Venn diagram of CL present in the lipidomic profiles of L. theobromae and L. 

hormozganensis. 

Phosphatidylinositols 

Phosphatidylinositols (PI) were identified in the mass spectra as [M-H]- 

molecular ions (Table 14 and Table 15). In the ESI-MS/MS spectra, PI were identified 

by the fragment ion at m/z 241, corresponding to the phosphatidylinositol polar head 

group, and the abundant ion at m/z 153. The most abundant PI molecular species in the 

lipidome of L. theobromae and L. hormozganensis were identified at m/z 833.5193 and 

m/z 833.5192 [PC(34:2)], respectively.  

The LC-MS spectra of PI species of both fungi can be observed in Figure 17, 

along with MS/MS spectra of two abundant molecular species of this class. 

Table 14 – Phosphatidylinositol identified in Lasiodiplodia theobromae by LC-MS and LC-

MS/MS (mass error < 5 ppm). 

Observed m/z Lipid species (C:N) Fatty acyl chains 

PI identified as [M-H]- 
571.2892 LPI(16:0) 16:0 
599.3200 LPI(18:0) * 
597.3062 LPI(18:1) 18:1 
595.2899 LPI(18:2) 18:2 
833.5193 PI(34:2) (16:0/18:2) and (16:1/18:1) 
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831.5058 PI(34:3) (16:0/18:3) and (16:1/18:2) 
847.5349 PI(35:2) (17:0/18:2) 
863.5639 PI(36:1) * 
861.5493 PI(36:2) (18:1/18:1) and (18:0/18:2) 
859.5341 PI(36:3) (18:1/18:2) and (18:0/18:3) 
857.5181 PI(36:4) (18:2/18:2) and (18:1/18:3) 

Legend: C – number of carbon atoms; N – number of double bonds on the fatty acyl chains; *molecular 
species confirmed by the LC retention time and exact mass 

Table 15 – Phosphatidylinositol identified in Lasiodiplodia hormozganensis by LC-MS and LC-

MS/MS (mass error < 5 ppm). 

Observed m/z Lipid species (C:N) Fatty acyl chains 

PI identified as [M-H]- 
835.5349 PI(34:1) * 
833.5192 PI(34:2) (16:0/18:2) and (16:1/18:1) 
831.5031 PI(34:3) (16:0/18:3) and (16:1/18:2) 
849.5491 PI(35:1) (17:0/18:1) and (16:0/19:1) 
847.5348 PI(35:2) (17:1/18:1) and (17:0/18:2) 
865.5803 PI(36:0) * 
863.5674 PI(36:1) (18:0/18:1) 
861.5513 PI(36:2) (18:1/18:1) and (18:0/18:2) 
859.5356 PI(36:3) (18:1/18:2) and (18:0/18:3) 
857.5200 PI(36:4) (18:2/18:2) and (18:1/18:3) 

Legend: C – number of carbon atoms; N – number of double bonds on the fatty acyl chains; *molecular 
species confirmed by the LC retention time and exact mass 
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Figure 17 – LC-MS spectrum representative of the phospholipid subclass 

phosphatidylinositol (PI) of L. theobromae (A) and L. hormozganensis (B), identified as 

[M-H]- ions; ESI-MS/MS spectra of [M-H]-  ions at m/z 833.52 [PI(34:2)] of L. 

theobromae (C) and L. hormozganensis (D). *background 

Hence, 10 individual molecular species were identified for the PI subclass, being 

that 7 were found in both fungi and 3 were observed uniquely in the lipidome of L. 

hormozganensis (Figure 18). Regarding LPIs, 4 molecular species were exclusively 

identified in the lipidome of L. theobromae. 

Figure 18 – Venn diagram of PI and LPI present in the lipidomic profile of L. theobromae and L. 

hormozganensis. 

Phosphatidylglycerols 

Phosphatidylglycerols (PG) were identified in the mass spectra as [M-H]- 

molecular ions (Table 16 and Table 17). In the MS/MS spectra, PG were identified by 

the fragment ion at m/z 171, corresponding to the phosphoglycerol group. The most 

abundant PG molecular species in the lipidome of L. theobromae and L. 

hormozganensis were identified at m/z 745.5038 and m/z 745.5031 [PG(34:2)], 

respectively.  
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The LC-MS of PG species of both fungi can be observed in Figure 19, along with 

MS/MS spectra of two abundant molecular species of this class. 

Table 16 – Phosphatidylglycerol identified in Lasiodiplodia theobromae by LC-MS and LC-

MS/MS (mass error < 5 ppm). 

Observed m/z Lipid species (C:N) Fatty acyl chains 

PG identified as [M-H]- 

747.5186 PG(34:1) (16:0/18:1) 
745.5038 PG(34:2) (16:0/18:2) 
769.5016 PG(36:4) * 

Legend: C – number of carbon atoms; N – number of double bonds on the fatty acyl chains; *molecular 
species confirmed by the LC retention time and exact mass 

Table 17 – Phosphatidylglycerol identified in Lasiodiplodia hormozganensis by LC-MS and LC-

MS/MS (mass error < 5 ppm). 

Observed m/z Lipid species (C:N) Fatty acyl chains 

PG identified as [M-H]- 

747.5179 PG(34:1) * 
745.5031 PG(34:2) (16:0/18:2) and (16:1/18:1) 
773.5329 PG(36:2) * 
771.5178 PG(36:3) (18:1/18:2) and (18:0/18:3) 

769.5029 PG(36:4) * 
767.4874 PG(36:5) * 

Legend: C – number of carbon atoms; N – number of double bonds on the fatty acyl chains; *molecular 
species confirmed by the LC retention time and exact mass 
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Figure 19 – LC-MS spectra representative of the phospholipid subclass phosphatidylglycerol 

(PG) of L. theobromae (A) and L. hormozganensis (B), identified as [M-H]- ions; ESI-MS/MS 

spectra of [M-H]- ions at m/z 747.52 [PG(34:1)] of L. theobromae (C) and of [M-H]- ions at m/z 

745.50 [PG(34:2)] of L. hormozganensis (D). *background 

Results show that 6 individual PG molecular species were identified, 6 in both 

fungi and 3 belonging to the lipidome of L. hormozganensis (Figure 20). 

 Figure 20 – Venn diagram of PG present in the lipidomic profiles of L. theobromae and L. 

hormozganensis. 

Phosphatidylserines 

Phosphatidylserines (PS) were identified in the positive ion mode as [M + H]+ 

ions (Table 18 and Table 19) and confirmed by the neutral loss of 185 Da observed in 

the MS/MS spectrum, corresponding to the neutral loss of phosphoserine polar head. 

PS can also be identified in the negative ion mode, by the neutral loss of 87 Da, which 

corresponds to the serine of the polar head group. The most abundant PS molecular 

species in the lipidome of L. theobromae and L. hormozganensis were identified in the 

negative ion mode at m/z 758.4980 and m/z 758.4983 [PC(34:2)], respectively, and can 

be observed in Figure 21. 
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Table 18 – Phosphatidylserine identified in Lasiodiplodia theobromae by LC-MS and LC-MS/MS 

(mass error < 5 ppm). 

Observed m/z Lipid species (C:N) Fatty acyl chains 

PS identified as [M-H]- 

758.4980 PS(34:2) (16:0/18:2) 
786.5292 PS(36:2) (18:1/18:1) 

Legend: C – number of carbon atoms; N – number of double bonds on the fatty acyl chains 

Table 19 – Phosphatidylserine identified in Lasiodiplodia hormozganensis by LC-MS and LC-

MS/MS (mass error < 5 ppm). 

Observed m/z Lipid species (C:N) Fatty acyl chains 

PS identified as [M-H]- 

758.4983 PS(34:2) (16:0/18:2) 
Legend: C – number of carbon atoms; N – number of double bonds on the fatty acyl chains 

Figure 21 – ESI-MS/MS spectra of [M-H]- ions at m/z 758.50 [PS(34:2)] of L. theobromae 

(A) and L. hormozganensis (B). 

Only two distinct molecular species were found in the lipidome of both L. 

theobromae and L. hormozganensis that belonged to the PS subclass, being PS(34:2) 

common to both species and PS(36:2) found only in L. theobromae. 
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Classes of phospholipid identified in L. theobromae and L. hormozganensis were 

similar to the PL profiles of yeasts (61,85,89) and filamentous fungi (86,87), but yeast 

species have in general a lower amount of identified molecular species. In the studies 

mentioned, PC and PE are the most abundant classes of lipids found, followed by PI, 

PS, PA, PG and CL at different orders. 

The lipidome of L. hormozganensis is richer than the one of L. theobromae, 

which may be explained by the temperature at which both fungi were cultured – 37°C – 

a temperature at which L. hormozganensis grows better. Despite this, L. theobromae 

had a larger amount of PL when quantification of phosphate was performed (Table 20) 

and is known for growing at a vast range of temperatures (55). 

Table 20 – Quantity of PL present in Lasiodiplodia theobromae and Lasiodiplodia 

hormozganensis, determined by quantification of phosphate and presented as mean ± standard 

deviation. 

  Lasiodiplodia theobromae Lasiodiplodia hormozganensis 
PL (µg) 158.42 ± 33.8 62.78 ± 11.4 
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3.2. Identification and characterization of the triacylglycerol profile of 

Lasiodiplodia theobromae and Lasiodiplodia hormozganensis 

Identification of the triacylglycerol (TG) profile at the molecular level was 

performed by direct infusion ESI-mass spectrometry (ESI-MS) and ESI-MS/MS.  The 

manual injection of fractions of neutral lipids (obtained by thin-layer chromatography)  

and interpretation of the mass spectrometry data allowed for the identification of 83 

different TG species. In total, 78 molecular species of TG were identified in L. 

theobromae (Table 21), and 58 were identified in L. hormozganensis (Table 22), 

representing a total of 136 new identifications. The criteria for identifying 

triacylglycerols included the accuracy of the mass measurements (< 5 ppm), the LC 

retention time (within the characteristic range), and the characteristics of the MS/MS 

spectra (manual analysis allowed the confirmation of characteristic ions and fatty acyl 

composition). 

Triacylglycerols were identified in the mass spectra as [M+NH4]+  molecular ions. 

In the MS/MS spectra, TGs were identified by the neutral loss of 17 Da, corresponding 

to the loss of ammonium (-NH3), plus the neutral loss of the fatty acyl chains, 

represented by diacyl ions. The most abundant TG molecular species in the lipidome of 

L. theobromae and L. hormozganensis were identified at m/z 876.7983 [TG(52:2)] and 

m/z 898.7829 [TG(54:5)], respectively.  

An ESI-MS spectra of TG species of both fungi can be observed in Figure 22, 

along with ESI-MS/MS spectra of two abundant molecular species of this class. 

Table 21 – Triacylglycerols identified in Lasiodiplodia theobromae by LC-MS and LC-MS/MS 

(mass error < 5 ppm). 

Observed m/z Lipid species (C:N) Fatty acyl chains 

TG identified as [M+NH4]+ 

802.6956 TG(47:4) * 
808.7364 TG(47:1) * 
810.7514 TG(47:0) * 
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816.7104 TG(48:4) * 
820.7358 TG(48:2) * 
822.7512 TG(48:1) * 
824.7668 TG(48:0) * 
830.727 TG(49:4) * 
834.7512 TG(49:2) * 
838.7823 TG(49:0) * 
840.7108 TG(50:6) * 
842.7268 TG(50:5) * 
844.7391 TG(50:4) * 
846.7508 TG(50:3) * 
848.7689 TG(50:2) (14:0/18:2/20:0), (16:0/16:1/18:1) and 

(16:0/16:0/18:2) 
850.7847 TG(50:1) (18:1/16:0/16:0) and (16:1/16:0/18:0) 
858.7579 TG(51:4) * 
860.7671 TG(51:3) * 
862.7831 TG(51:2) * 
864.7981 TG(51:1) * 
866.7255 TG(52:7) * 
868.7417 TG(52:6) * 
870.755 TG(52:5) * 

872.7676 TG(52:4) (16:0/18:2/18:2), (16:0/18:1/18:3) and 
(16:1/18:1/18:2) 

874.7827 TG(52:3) (16:0/18:1/18:2) and (16:1/18:1/18:1) 
876.7983 TG(52:2) (16:0/18:0/18:2) and (16:1/18:0/18:1) 
878.7272 TG(53:8) * 
878.8131 TG(52:1) (16:0/18:0/18:1) 
880.7420 TG(53:7) * 
882.7574 TG(53:6) * 
884.7724 TG(53:5) * 
886.7892 TG(53:4) * 
888.7975 TG(53:3) * 
890.7234 TG(54:9) * 
890.8134 TG(53:2) (17:0/18:1/18:1), (17:1/18:1/18:0) and 

(17:0/18:2/18:0) 
892.7408 TG(54:8) * 
892.8308 TG(53:1) * 
894.7556 TG(54:7) * 
896.7675 TG(54:6) * 
898.7823 TG(54:5) * 
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900.7974 TG(54:4) (18:1/18:1/18:2) and (18:0/18:2/18:2) 
902.7249 TG(55:10) * 
902.813 TG(54:3) (18:1/18:0/18:2) and (18:1/18:1/18:1) 

904.7412 TG(55:9) * 
904.8286 TG(54:2) (18:0/18:1/18:1), (18:0/18:0/18:2), (16:0/20:0/18:2) 

and (16:0/18:1/20:1) 
906.7572 TG(55:8) * 
906.8444 TG(54:1) (18:0/18:0/18:1), (16:0/20:0/18:1) 
908.7728 TG(55:7) * 
910.7882 TG(55:6) * 
912.8037 TG(55:5) * 
914.8195 TG(55:4) * 
926.8138 TG(56:5) * 
932.8603 TG(56:2) * 
934.8756 TG(56:1) * 
936.8054 TG(57:7) * 
948.8927 TG(57:1) * 
952.8304 TG(58:6) * 
954.8493 TG(58:5) * 
956.8611 TG(58:4) * 
960.8916 TG(58:2) * 
962.9069 TG(58:1) * 
964.8357 TG(59:7) * 
966.8508 TG(59:6) * 
968.8661 TG(59:5) * 
970.8801 TG(59:4) * 
972.8909 TG(59:3) * 
974.9061 TG(59:2) * 
976.9225 TG(59:1) * 
982.8800 TG(60:5) * 
984.8923 TG(60:4) * 
986.9068 TG(60:3) * 
988.9224 TG(60:2) * 
990.9378 TG(60:1) * 
992.8673 TG(61:7) * 
994.8821 TG(61:6) * 
996.8972 TG(61:5) * 
998.9078 TG(61:4) * 
1000.9222 TG(61:3) * 
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Legend: C – number of carbon atoms; N – number of double bonds on the fatty acyl chains; *molecular 
species confirmed by the LC retention time and exact mass 

Table 22 – Triacylglycerols identified in Lasiodiplodia hormozganensis by LC-MS and LC-

MS/MS (mass error < 5 ppm). 

Observed m/z Lipid species (C:N) Fatty acyl chains 

TG identified as [M+NH4]+ 

808.7375 TG(47:1) * 
810.7535 TG(47:0) * 
822.7516 TG(48:1) * 
824.7674 TG(48:0) * 
834.7523 TG(49:2) * 
836.7678 TG(49:1) * 
844.737 TG(50:4) * 
846.7521 TG(50:3) * 
848.7683 TG(50:2) * 
850.7839 TG(50:1) (16:0/16:0/18:1), (18:0/18:1/14:0), (16:0/16:1/18:0), 

(15:0/15:0/20:0), (15:0/17:0/18:1) and 
(16:1/17:0/17:0) 

854.7279 TG(51:6) * 
856.7406 TG(51:5) * 
858.7538 TG(51:4) * 
860.7678 TG(51:3) * 
862.7836 TG(51:2) * 
864.7987 TG(51:1) * 
868.7382 TG(52:6) * 
870.7522 TG(52:5) * 
872.7679 TG(52:4) * 
874.7835 TG(52:3) (18:1/18:2/16:0), (18:1/18:1/16:1) and 

(18:0/18:2/16:1) 
876.7983 TG(52:2) * 
878.8139 TG(52:1) * 
880.7430 TG(53:7) * 
882.7564 TG(53:6) * 
884.7742 TG(53:5) (17:0/18:2/18:3) 
886.7842 TG(53:4) * 
888.7989 TG(53:3) * 
890.8144 TG(53:2) * 
892.8308 TG(53:1) * 
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892.7391 TG(54:8) * 
894.7525 TG(54:7) * 
896.7678 TG(54:6) * 
898.7829 TG(54:5) (18:2/18:2/18:1), (18:1/18:1/18:3) and 

(18:0/18:2/18:3) 
900.7982 TG(54:4) (18:1/18:1/18:2) 
902.7282 TG(55:10) * 
902.8136 TG(54:3) (18:0/18:1/18:2), (18:0/18:1/18:2), (18:0/18:0/18:3), 

(16:0/20:0/18:3), (16:1/20:1/18:1), (16:0/20:1/18:2) 
and (16:1/20:0/18:2) 

904.7428 TG(55:9) * 
904.8292 TG(54:2) (18:0/18:1/18:1) and (20:0/18:2/16:0) 
906.7589 TG(55:8) * 
906.8454 TG(54:1) (18:0/18:0/18:1) and (16:0/18:1/20:0) 
908.7740 TG(55:7) (17:1/18:1/20:5), (17:0/18:2/20:5), (17:2/18:3/20:2) 

and (17:1/18:3/20:2) 
910.7905 TG(55:6) * 
930.8449 TG(56:3) * 
932.8613 TG(56:2) * 
934.8772 TG(56:1) * 
948.8929 TG(57:1) * 
954.8466 TG(58:5) * 
958.8760 TG(58:3) * 
960.8930 TG(58:2) * 
962.9084 TG(58:1) * 
970.8783 TG(59:4) * 
974.9076 TG(59:2) * 
976.9238 TG(59:1) * 
982.8777 TG(60:5) * 
984.8932 TG(60:4) * 
986.9084 TG(60:3) * 
988.9249 TG(60:2) * 
990.9392 TG(60:1) * 

Legend: C – number of carbon atoms; N – number of double bonds on the fatty acyl chains; *molecular 
species confirmed by the LC retention time and exact mass 
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Figure 22 – LC-MS spectrum representative of the triacylglyceride (TG) profile of L. 

theobromae (A) and L. hormozganensis (B), identified as [M+NH4]+ ions; ESI-MS/MS spectra of 

[M+NH4]+ ions at m/z 850.78 [TG(50:1)] of L. theobromae (C) and of [M+NH4]+ ions at m/z 

898.78 [TG(54:5)] of L. hormozganensis (D). *background 

The triacylglycerol profile of both fungi is very similar, with 53 molecular species 

in common. In addition to the 53 triacylglycerols, L. theobromae had 25 more molecular 

species, while L. hormozganensis had only 5 specific triacylglycerols (Figure 23). The 

most abundant TG species in the total lipid extracts of both L. theobromae and L. 

hormozganensis had either 2 C18 and 1 C16 or 3 C18. 
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Figure 23 – Venn diagram of TG present in the lipidomic profiles of L. theobromae and L. 

hormozganensis. 

With 83 species identified in total, the triacylglycerols constitute one of the most 

abundant lipid classes in these species. In fact, the initial separation procedures (TLC) 

had already showed that neutral lipids constituted the largest portion of lipids in the 

species studied (Supplementary material 1 and 2). 

In fungi, TG is usually the most abundant lipid class (90) and its accumulation 

in fungal cells often happens in the later stages of growth (86,91). The abundancy of 

triacylglycerols in the lipidome may be explained by the importance of these lipids as 

carbon sources, being used in the production of other lipid molecules (92). Because L. 

theobromae has a richer TG profile that when compared to L. hormozganensis, this 

might indicate that L. theobromae is at a later stage of growth that L. hormozganensis 

when both species are grown at 37 °C for 7 days. Nevertheless, it would be relevant to 

compare the abundances of the molecular species for this matter. Contrary to the PL 

profile, in this case the number of species identified is smaller for the lipidome of L. 

hormozganensis. 
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3.3. Identification of the fatty acid profile of Lasiodiplodia theobromae and 

Lasiodiplodia hormozganensis 

Identification of the fatty acid (FA) profile at the molecular level was performed 

by gas-chromatography-mass spectrometry (GC-MS.)  The interpretation of the mass 

spectrometry data collected for fractions of fatty acids (obtained by TLC), after 

methylation of the samples, allowed the identification of 23 fatty acid species. In total, 

23 molecular species of FA were identified in L. theobromae (Table 23), and 21 were 

identified in L. hormozganensis (Table 24), representing a total of 44 identifications. 

The criteria for identifying fatty acids included the GC retention time, when compared 

to the retention time of lipid standards, and the characteristics of the GC-EI-MS 

spectra. 

Fatty acids were identified as fatty acid methyl esters (FAME), being observed in 

the mass spectra as M+ molecular ions. Typical characteristics looked for in the MS 

spectra were the neutral loss of 31 Da, corresponding to the loss of the methoxyl group, 

which confirms it as a methyl ester, and the McLafferty rearrangement ion at m/z 74. 

The neutral loss of 43 is also characteristic, representing the loss of a C3 unit (carbons 2 

to 4). The most abundant FA molecular species in the lipidome of L. theobromae and L. 

hormozganensis was identified at m/z 270.24, corresponding to palmitic acid 

[FA(16:0)], for both species.  

A RIC of FA species of both fungi can be observed in Figure 24, along with 

MS/MS spectra of two abundant molecular species of this class. 

Table 23 – Fatty acids identified in Lasiodiplodia theobromae by GC-MS. 

Observed m/z Lipid species (C:N) Fatty acid 

FA identified as FAMEs 

242.21 FA(14:0) Isotridecanoate 
256.21 FA(15:0) Isotetradecanoate 
256.21 FA(15:0) 9-methyltetradecanoate 
270.24 FA(16:0) Hexadecanoate 
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268.18 FA(9-16:1) 9-hexadecenoate 
268.18 FA(11-16:1) 11-hexadecenoate 
284.24 FA(17:0) Isoheptadecanoate 
284.25 FA(17:0) Heptadecanoate 
282.24 FA(9-17:1) 9-heptadecenoate 
282.21 FA(8-17:1) 8-heptadecenoate 
298.27 FA(18:0) Octadecanoate 
296.26 FA(13-18:1) 13-octadecenoate 
294.24 FA(7,12-18:2) 7,12-octadecadienoate 
312.28 FA(19:0) Nonadecanoate  
292.21 FA((18:3)n-3) 9,12,15-octadecatrienoate 
326.29 FA(20:0) Eicosanoate 
324.26 FA(9-20:1) 9-eicosanoate 
322.23 FA((20:2)n-6) 11,14-eicosadienoate 
354.32 FA(22:0) Isoheneicosanoate 
354.32 FA(22:0) Docosanoate 
368.34 FA(23:0) 21-methyldocosanoate 
368.34 FA(23:0) Tricosanoate 
382.36 FA(24:0) Tetracosanoate 

Legend: C – number of carbon atoms; N – number of double bonds on the fatty acyl chains 

Table 24 – Fatty acids identified in Lasiodiplodia hormozganensis by GC-MS. 

Observed m/z Lipid species (C:N) Fatty acid 

FA identified as FAMEs 

242.21 FA(14:0) Isotridecanoate 
256.21 FA(15:0) 9-methyltetradecanoate 
256.21 FA(15:0) Isotetradecanoate 
270.24 FA(16:0) Hexadecanoate 
268.15 FA(11-16:1) 11-hexadecenoate 
268.20 FA(9-16:1) 9-hexadecenoate 
284.25 FA(17:0) Isoheptadecanoate 
284.26 FA(17:0) Heptadecanoate 
282.14 FA(9-17:1) 9-heptadecenoate 
282.24 FA(8-17:1) 8-heptadecenoate 
298.27 FA(18:0) Octadecanoate 
296.23 FA(13-18:1) 13-octadecenoate 
294.24 FA(7,12-18:2) 7,12-octadecadienoate 
312.29 FA(19:0) Nonadecanoate  
292.21 FA((18:3)n-3) 9,12,15-octadecatrienoate 
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326.29 FA(20:0) Eicosanoate 
324.26 FA(9-20:1) 9-eicosanoate 
322.21 FA((20:2)n-6) 11,14-eicosadienoate 
354.32 FA(22:0) Isoheneicosanoate 
368.33 FA(23:0) Tricosanoate 
382.36 FA(24:0) Tetracosanoate 

Legend: C – number of carbon atoms; N – number of double bonds  on the fatty acyl chains 

Figure 24 – GC-MS spectrum representative of the fatty acid (FA) profile of L. theobromae (A) 

and L. hormozganensis (B), identified as FAMEs; GC-MS spectra of [M]+ ions at m/z 270.24 

(hexadecanoate methyl ester), corresponding to hexadecanoate or palmitic acid [FA(16:0)] of L. 

theobromae (C) and of [M]+ ions at m/z 294.24 (methyl 9-cis,11-trans-octadecadienoate), 

corresponding to 7,12-octadecadienoate or rumenic acid [FA(7,12-18:2)] of L. hormozganensis 

(D). 
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Considering the profiles of both fungi, almost the same fatty acids were 

identified in the two species (Figure 25). 

Figure 25 – Venn diagram of FA present in the lipidomic profiles of L. theobromae and L. 

hormozganensis. 

Similar FA profiles were observed in yeast species (61,85,91,93) and fungi of the 

phylum Ascomycota (66,94–97), with C16:0, C18:0, C18:1, C18:2 and C18:3 being the most 

abundant fatty acids. But the fatty acid composition of L. theobromae and L. 

hormozganensis seems to be distinct from the one of oleaginous fungi, whose abundant 

FA are 6,9,12-18:3 and 20:4(n-6) (68). 

Although not common among all organisms, odd-chain fatty acids (OCFA) such 

as C15:0, C17:0 and C17:1 have been identified in some species of fungi (66,94,97), in 

accordance to our results. OCFA are receiving increasing attention in the last few years, 

since serum levels of these compounds have been associated to a lower risk of obesity 

and cardiovascular diseases (98). Because of this, efforts to produce OCFA through 

fermentation and genetic engineering are being developed. However, the reason why 

OCFA are associated to human health remains unclear. It is interesting to point out 

that phytosphingosine, the sphingoid base of one ceramide identified in L. theobromae 

(Figure 10), can be metabolized to FA C15:0 and incorporated into 

glycerophospholipids. This has been observed in both yeasts and mammals (98). 
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A study characterizing the fatty acid profile of two species of the family 

Botryosphaeriaceae identified C16:0, C16:1, C18:0, C18:1 and C18:2 in the secretome of 

Neofusicoccum vitifusiforme and C18:0, C18:1 and C18:2 in the secretome of N. parvum 

(99). The authors identified C18:2 as the most abundant FA, but recognized that fungi 

of different species can have very distinct lipidomic profiles. 

 A somehow balanced ratio of saturated to unsaturated FA species is observed in 

the two fungi studied, since this ratio is essential for membrane stability (67). As 

observed previously in the fatty acyl chains of phospholipids and triacylglycerols, the 

number of unsaturation bonds is always lower than 4. 

Something to take into consideration, since it was reported by numerous 

studies, is that the fatty acid composition of yeast species varies depending on growth 

conditions such as temperature and growth phase (66,91,94,95,100,101) and genetic 

background (89). The extent of the alterations depends on each species and although 

the diversity of molecular species usually remains the same, relative amounts may 

differ (95) and it might affect the degree of unsaturation of FA and the ratio of 

iso/anteiso (94,95). Stahl & Klug (1996) have made the correlation that the lower the 

temperature, the higher the unsaturation of fatty acyl chains (95). In fungi, saturated 

fatty acids are used to produce unsaturated species through desaturation (61). 

Fatty acids and modified fatty acids have important roles in the colonization of 

host plants and can regulate plant growth, which may impact their virulence (80,99). 

Octadecenoid acids such as C18:2 and C18:3 are precursors of jasmonic acid, a plant 

hormone that can be phytotoxic and is known to be produced by pathogenic fungi 

(99,102–104). 
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Although the phospholipid profile is richer in L. hormozganensis, L. theobromae 

has a higher diversity of TG and FA species (Table 25 and Figure 26). This may be 

because this species is at a later stage of growth, as previous studies have linked longer 

growth times to higher abundance of neutral lipids and less abundance of PL (86,95). 

Table 25 – Lipid classes identified by LC and GC-MS in lipid extracts of Lasiodiplodia 

theobromae and Lasiodiplodia hormozganensis, with indication of the total number of lipid 

species identified in each class and the major lipid species per class. 

 Lasiodiplodia theobromae Lasiodiplodia hormozganensis 

Lipid class Number of lipid 
species 

Major lipid 
species 

Number of lipid 
species 

Major lipid 
species 

PC 27 PC(34:2) 35 PC(36:4) 
LPC 4 LPC(18:2) 6 LPC(18:2) 
PE 19 PE(34:2) 28 PE(34:2) 

LPE 10 LPE(16:0) 15 LPE(16:0) 
SM 1 SM(d35:1) 2 SM(d35:1) 
PA 13 PA(34:2) 13 PA(36:4) 

LPA 1 LPA(18:2) 1 LPA(18:2) 
CL 17 CL(72:6) 18 CL(72:7) 
PI 7 PI(34:2) 10 PI(34:2) 

LPI 4 LPI(16:0) - - 
PG 3 PG(34:2) 6 PG(34:2) 
PS 2 PS(34:2) 1 PS(34:2) 
PL 108 - 135 - 
Cer 2 Cer(t42:0) - - 
TG 78 TG(52:2) 58 TG(54:4) 
FA 23 FA(16:0) 21 FA(16:0) 

Total 211 - 214 - 
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Figure 26 – Venn diagram of PL, TG and FA lipid species present in the lipidomic profile of 

Lasiodiplodia theobromae and Lasiodiplodia hormozganensis. The two ceramides identified in L. 

theobromae are not present in this representation. 

Although described as highly abundant in fungi, sterols were not analyzed in 

this study (2,75). Due to their low volatility these compounds are usually analyzed by 

HPLC and may not be detected by LC or GC (97). 

Most lipidomic studies involving fungal species are specially directed towards 

yeast (75,85,91,93), which are easier to grow and handle in the lab when compared to 

filamentous fungi. Nonetheless, yeast species represent a small portion of the 

enormous and diverse fungal kingdom. Lipidomic characterization of fungal spores is 

also abundantly found in literature (90,92,105), but the lipid composition of these 

structures differs from filamentous fungi in general and is therefore not much useful 

for comparison purposes.  
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4. Conclusions and Future work 
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 In order to further understand the pathogenic behavior behind cross-kingdom 

host jumps of species of the Lasiodiplodia genus, the aim of this study was to fully 

characterize the lipidome of L. theobromae and L. hormozganensis, comparing the 

lipids produced by the two species. 

 To attain the objective of the investigation, liquid and gas chromatography 

coupled to mass spectrometry analysis was employed to identify phospholipids, 

triacylglycerols and fatty acids in the fungal samples.  

While characterizing the lipidome of L. theobromae and L. hormozganensis, a 

total of 255 lipid species were identified: 147 phospholipids, including 

phosphatidylcholines (PC), lyso-phosphatidylcholines (LPC), phosphatidylethanol-

amines (PE), lyso-phosphatidylethanolamines (LPE), sphingomyelins (SM), 

phosphatidic acids (PA), lyso-phosphatidic acids (LPA), cardiolipins (CL), 

phosphatidylinositols (PI), lyso-phosphatidylinositols (LPI), phosphatidylglycerols (PG) 

and phosphatidylserines (PS); 2 ceramides (Cer); 83 triacylglycerols and 23 fatty acids. 

Because the two fungi share most of the lipids identified, this represents a total of 423 

individual identifications. Lipids are highly abundant in the two fungal species, with PC 

and PE being the major classes of phospholipids; TG ranging from C47 to C61; and fatty 

acids of C14:0 to C24:0, with unsaturation bonds ranging from 0 to 3. We also 

discovered that L. theobromae and L. hormozganensis produce odd fatty acids such as 

C15:0, C17:0 and C19:0, along with unsaturated varieties. This is currently the most 

comprehensive description of the lipidome of species of the Lasiodiplodia genus. 

Although the composition in lipids of both species is not sufficient to 

differentiate the two, this work has elucidated on the lipids that constitute filamentous 

fungi and provides useful information on the molecular and metabolic characterization 

of Lasiodiplodia species. 

One of the limitations of this study was that the effect of temperature was not 

evaluated. An initial purpose that should be fulfilled in the future is to compare the 

lipidomes of the two species when grown at 25 and 37 °C, not only because these cross-



 

76 
 

kingdom pathogens are able to adapt to the different temperatures, but because 

temperature is known to modulate the metabolites produced by these fungi. 

In future work, it would be interesting to extend the analysis to more complex 

lipids, such as sphingolipids and glycolipids, that may be present in our samples but 

require a more dedicated approach. The bioactivity of lipids identified in this study can 

also be the subject of further investigation, with the prospect of finding compounds of 

biotechnological relevance. 

In conclusion, these results enriched the field of fungal lipidomics and can open 

new paths for the study of plant pathogenic and human opportunist fungi.   
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SM 1 – Schematic representation of the application of the samples in the thin-layer 

chromatography assay. V3 – lipid extract of strain LASOL3; CBS – lipid extract of strain 

CBS339.90 

SM 2 – Thin layer chromatography plates after revelation with sprayed primuline. Left – 

Lasiodiplodia theobromae; Right – Lasiodiplodia hormozganensis. 
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SM 3 – Schematic representation of the fractions obtained by thin-layer chromatography. 

SM 4 – Phospholipids and sphingolipids (Cer) identified by LC-MS and LC-MS/MS of total lipid 

extracts of Lasiodiplodia theobromae, in the positive and negative ion modes. The complete list 

of PC, LPC, PE, LPE, SM and PA molecular species identified in positive mode, and PC, PE, PA, 

LPA, CL, PI, LPI, PG, PS and Cer molecular species identified in the negative mode, in MS and 

MS/MS spectra, are annotated. Data are presented as the respective sums of carbon atoms (C) 

and double bonds (N), followed by the calculated m/z values (ratios of mass to charge), plus 

the observed m/z values, followed by the error (< 5 ppm) and fatty acyl chains that compose 

the lipid, plus the respective formula. 

Lipid species 
(C:N) 

Calculated 
m/z  

Observed 
m/z  

Error 
(ppm) 

Fatty acyl chains 
(C:N) 

Formula 

PC  identified as  [M+H]+ 

LPC(16:0) 496.3403 496.3401 -0.4352 16:0 C24H51NO7P 
LPC(18:0) 524.3716 524.3713 -0.6045 ** C26H55NO7P 
LPC(18:1) 522.3560 522.3561 0.2546 18:1 C26H53NO7P 
LPC(18:2) 520.3403 520.3396 -1.3760 18:2 C26H51NO7P 
PC(31:1) 718.5387 718.5377 -1.3667 ** C39H77NO8P 
PC(31:3) 714.5074 714.5088 1.9846 * C39H73NO8P 
PC(32:0) 734.5700 734.5703 0.4329 ** C40H81NO8P 
PC(32:1) 732.5543 732.5518 -3.4550 * C40H79NO8P 
PC(32:2) 730.5387 730.5389 0.2984 ** C40H77NO8P 



 

91 
 

PC(33:2) 744.5543 744.5535 -1.1161 ** C41H79NO8P 
PC(34:1) 760.5856 760.5856 -0.0421 (16:0/18:1) C42H83NO8P 
PC(34:2) 758.5700 758.5699 -0.1081 (16:0/18:2) and 

(16:1/18:1) 
C42H81NO8P 

PC(34:3) 756.5543 756.5548 0.6199 (16:0/18:3) and 
(16:1/18:2) 

C42H79NO8P 

PC(34:4) 754.5387 754.5386 -0.1087 * C42H77NO8P 
PC(34:5) 752.5230 752.5223 -0.9727 * C42H75NO8P 
PC(35:2) 772.5856 772.5865 1.1235 ** C43H83NO8P 
PC(35:3) 770.5700 770.5696 -0.4957 ** C43H81NO8P 
PC(36:1) 788.6169 788.6152 -2.1963 * C44H87NO8P 
PC(36:2) 786.6013 786.6012 -0.1042 (18:1/18:1) and 

(18:0/18:2) 
C44H85NO8P 

PC(36:3) 784.5856 784.5850 -0.8055 (18:1/18:2) and 
(18:0/18:3) 

C44H83NO8P 

PC(36:4) 782.5700 782.5703 0.4064 (18:2/18:2) and 
(18:1/18:3) 

C44H81NO8P 

PC(36:5) 780.5543 780.5519 -3.1145 *  C44H79NO8P 
PC(36:6) 778.5387 778.5362 -3.1880 *  C44H77NO8P 
PC(37:2) 800.6169 800.6152 -2.1633 ** C45H87NO8P 
PC(38:2) 814.6326 814.6317 -1.0827 *  C46H89NO8P 
PC(38:3) 812.6169 812.6164 -0.6547 (18:2/20:1) and 

(18:1/20:2) 
C46H87NO8P 

PC(38:8) 802.5387 802.5359 -3.4665 * C46H77NO8P 
PC(40:1) 844.6795 844.6781 -1.6953 ** C48H95NO8P 
PC(41:2) 856.6795 856.6785 -1.2047 ** C49H95NO8P 
PC(42:2) 870.6952 870.6954 0.2515 ** C50H97NO8P 

PC identified as  [M + CH3COO]- 
PC(38:4) 868.6068 868.6078 -1.1950 (18:2/20:2) C48H87NO10P 

PE identified as  [M+H]+ 
LPE(14:0) 426.2621 426.2618 -0.6264 * C19H41NO7P 
LPE(16:0) 454.2934 454.2933 -0.1475 16:0 C21H45NO7P 
LPE(17:1) 466.2934 466.2935 0.2852 17:1 C22H45NO7P 
LPE(17:0) 468.3090 468.3092 0.3908 17:0 C22H47NO7P 
LPE(18:0) 482.3247 482.3261 2.9710 * C23H49NO7P 
LPE(18:1) 480.3090 480.3091 0.1728 18:1 C23H47NO7P 
LPE(18:2) 478.2934 478.2934 0.0690 18:2 C23H45NO7P 
LPE(18:3) 476.2777 476.2755 -4.6548 * C23H43NO7P 
LPE(20:1) 508.3403 508.3405 0.3620 * C25H51NO7P 
LPE(20:3) 504.3090 504.3078 -2.4132 * C25H47NO7P 
PE(28:0) 634.4448 634.4459 -1.7622 * C33H65NO8P 
PE(32:0) 692.5230 692.5232 0.2426 * C37H75NO8P 
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PE(32:1) 690.5074 690.5077 0.4605 * C37H73NO8P 
PE(32:2)  688.4917 688.4911 -0.9179 (14:0/18:2) C37H71O8NP 
PE(33:1) 704.5230 704.5258 3.9289 (15:0/18:1) and 

(16:0/17:1) 
C38H75NO8P 

PE(34:1) 718.5387 718.5391 0.5817 (16:0/18:1) C39H77NO8P 
PE(34:2) 716.5230 716.5236 0.7927 (16:0/18:2) C39H75NO8P 
PE(34:3) 714.5074 714.5077 0.4451 (16:0/18:3) and 

(16:1/18:2) 
C39H73O8NP 

PE(35:2) 730.5387 730.5389 0.2984 * C40H77NO8P 
PE(35:3) 728.5230 728.5228 -0.3185 (17:1/18:2) C40H75NO8P 
PE(36:1) 746.5700 746.5674 -3.4585 * C41H81O8NP 
PE(36:2)  744.5543 744.5545 0.2270 (18:1/18:1) C41H79O8NP 
PE(36:3)  742.5387 742.5380 -0.9185 (18:2/18:1) C41H77NO8P 
PE(36:4) 740.5230 740.5231 0.0918 (18:2/18:2) C41H75NO8P 
PE(38:3) 770.5700 770.5713 1.7104 **  C43H81NO8P 

PE identified as  [M-H]- 
PE(38:1) 772.5856 772.5826 3.9245 * C43H83NO8P 
PE(38:2) 770.5700 770.5707 -0.9318 (18:1/20:1) and 

(20:0/18:2) 
C43H81O8NP 

PE(38:4) 766.5387 766.5393 -0.8062 * C43H77O8NP 
PE(38:5) 764.5230 764.5202 3.7043 * C43H75NO8P 

SM identified as  [M+H]+ 
SM(d35:1) 717.5911 717.5905 0.7678 * C36H76N2O7P 

PA identified as  [M+NH4]+ 
PA(28:0) 610.4448 610.4453 -0.8486 ** C31H65NO8P 

PA(30:2(OH)) 650.4397 650.4401 -0.6196 ** C33H65NO9P 
PA(33:3(OH)) 690.4710 690.4716 -0.8733 ** C36H69NO9P 

PA identified as  [M-H]- 
LPA(18:2) 433.2355 433.2360 -1.1149 * C21H38O7P 
PA(34:1) 673.4808 673.4817 -1.2873 * C37H70O8P 
PA(34:2) 671.4652 671.4667 -2.2592 (16:0/18:2) C37H68O8P 
PA(34:3) 669.4495 669.4506 -1.5938 (16:1/18:2) C37H66O8P 
PA(36:1) 701.5121 701.5107 2.0427 (18:0/18:1) C39H74O8P 
PA(36:2) 699.4965 699.4972 -1.0250 (18:1/18:1) and 

(18:0/18:2) 
C39H72O8P 

PA(36:3) 697.4808 697.4818 -1.3864 (18:1/18:2) C39H70O8P 
PA(36:4) 695.4652 695.4664 -1.7499 (18:2/18:2) C39H68O8P 
PA(36:5) 693.4495 693.4508 -1.8271 * C39H66O8P 
PA(38:2) 727.5278 727.5272 0.8013 * C41H76O8P 
PA(38:3) 725.5121 725.5133 -1.6085 * C41H74O8P 

CL identified as  [M-H]- 
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CL(54:6) 1185.7347 1185.7344 0.2876 (16:0/18:2/18:1) C63H111O16P2 
CL(66:0) 1379.9957 1379.9906 3.7000 * C75H145O17P2 
CL(70:2) 1432.0270 1432.0247 1.6103 * C79H149O17P2 
CL(70:3) 1430.0114 1430.0097 1.1580 * C79H147O17P2 
CL(70:4) 1427.9957 1427.9942 1.0546 * C79H145O17P2 
CL(70:5) 1425.9801 1425.9761 2.7735 (16:0/18:2/18:2/18:2) 

and 
(16:1/18:3/18:1/18:0) 

C79H143O17P2 

CL(70:6) 1423.9644 1423.9673 -2.0324 (16:0/18:2/18:2/18:2) C79H141O17P2 
CL(72:4) 1456.0270 1456.0237 2.2706 (18:1/18:1/18:1/18:1) C81H149O17P2 
CL(72:5) 1454.0114 1454.0084 2.0330 (18:1/18:2/18:1/18:1) C81H147O17P2 
CL(72:6) 1451.9957 1451.9941 1.1061 * C81H145O17P2 
CL(72:7) 1449.9801 1449.9781 1.3483 (18:0/18:2/18:2/18:3) 

and 
(18:1/18:1/18:2/18:3) 

C81H143O17P2 

CL(72:8) 1447.9644 1447.9640 0.2804 (18:1/18:1/18:2/18:3) C81H141O17P2 
CL(74:10) 1471.9644 1471.9605 2.6536 * C83H141O17P2 
CL(74:11) 1469.9488 1469.9451 2.4872 * C83H139O17P2 
CL(74:7) 1478.0114 1478.0070 2.9472 * C83H147O17P2 
CL(74:8) 1475.9957 1475.9913 2.9851 * C83H145O17P2 
CL(74:9) 1473.9801 1473.9763 2.5475 * C83H143O17P2 

PI identified as  [M-H]- 
LPI(16:0) 571.2883 571.2892 -1.5019 16:0 C25H48O12P 
LPI(18:0) 599.3196 599.3200 -0.5957 * C27H52O12P 
LPI(18:1) 597.3040 597.3062 -3.6949 18:1 C27H50O12P 
LPI(18:2) 595.2883 595.2899 -2.6172 18:2 C27H48O12P 
PI(34:2) 833.5180 833.5193 -1.5501 (16:0/18:2) and 

(16:1/18:1) 
C43H78O13P 

PI(34:3) 831.5024 831.5058 -4.1395 (16:0/18:3) and 
(16:1/18:2) 

C43H76O13P 

PI(36:1) 863.5650 863.5639 1.2240 * C45H84O13P 
PI(36:2) 861.5493 861.5493 0.0093 (18:1/18:1) and 

(18:0/18:2) 
C45H82O13P 

PI(36:3) 859.5337 859.5341 -0.5142 (18:1/18:2) and 
(18:0/18:3) 

C45H80O13P 

PI(36:4) 857.5180 857.5181 -0.1073 (18:2/18:2) and 
(18:1/18:3) 

C45H78O13P 

PI(35:2) 847.5337 847.5349 -1.4654 (17:0/18:2) C44H80O13P 

PG identified as  [M-H]- 
PG(34:1) 747.5176 747.5186 -1.3204 (16:0/18:1) C40H76O10P 
PG(34:2) 745.5020 745.5038 -2.4655 (16:0/18:2) C40H74O10P 
PG(36:4) 769.5020 769.5016 0.4704 * C42H74O10P 
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PS identified as  [M-H]- 
PS(34:2) 758.4972 758.4980 -1.0389 (16:0/18:2) C40H73NO10P 
PS(36:2) 786.5285 786.5292 -0.8747 (18:1/18:1) C42H77NO10P 

Ceramides identified as  [M+H]+ 
Cer(d36:0) 568.5669 568.5662 1.1766 * C36H74NO3 
Cer(t42:0) 668.6557 668.6553 -0.5743 (18:0/24:0) C42H86NO4 

SM 5 – Phospholipids identified by LC-MS and LC-MS/MS of total lipid extracts of 

Lasiodiplodia hormozganensis, in the positive and negative ion modes. The complete list of PC, 

LPC, PE, LPE, SM and PA molecular species identified in positive mode, and PC, PE, PA, LPA, 

CL, PI, LPI, PG and PS molecular species identified in the negative mode, in MS and MS/MS 

spectra, are annotated. Data are presented as the respective sums of carbon atoms (C) and 

double bonds (N), followed by the calculated m/z values (ratios of mass to charge), plus the 

observed m/z values, followed by the error (< 5 ppm) and fatty acyl chains that compose the 

lipid, plus the respective formula. 

Lipid 
species 
(C:N) 

Calculated 
m/z  

Observed 
m/z  

Error 
(ppm) 

Fatty acyl chains 
(C:N) 

Formula 

PC  identified as  [M+H]+ 
LPC(16:0) 496.3403 496.3399 -0.8381 16:0 C24H51NO7P 
LPC(17:0) 510.3560 510.3568 1.6342 * C25H53NO7P 
LPC(18:0) 524.3716 524.3723 1.3025 18:0 C26H55NO7P 
LPC(18:2) 520.3403 520.3402 -0.2229 18:2 C26H51NO7P 
LPC(18:3) 518.3247 518.3244 -0.5151 18:3 C26H49NO7P 
PC(28:1) 676.4917 676.4904 -1.9690 * C36H71NO8P 
PC(30:0) 706.5387 706.5391 0.5916 * C38H77NO8P 
PC(31:0) 720.5543 720.5515 -3.9289 * C39H79NO8P 
PC(31:1) 718.5387 718.5394 0.9993 (18:1/13:0) and 

(18:0/13:1) 
C39H77NO8P 

PC(31:3) 714.5074 714.5064 -1.3744 (18:2/13:1) C39H73NO8P 
PC(32:0) 734.5700 734.5701 0.1606 ** C40H81NO8P 
PC(32:2) 730.5387 730.5391 0.5722 ** C40H77NO8P 
PC(33:2) 744.5543 744.5546 0.3613 * C41H79NO8P 
PC(34:1) 760.5856 760.5848 -1.0939 (16:0/18:1) C42H83NO8P 
PC(34:2) 758.5700 758.5702 0.2874 (16:0/18:2) and 

(16:1/18:1) 
C42H81NO8P 

PC(34:3) 756.5543 756.5546 0.3556 (16:0/18:3) and 
(16:1/18:2) 

C42H79NO8P 

PC(34:4) 754.5387 754.5386 -0.1087 ** C42H77NO8P 
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PC(34:5) 752.5230 752.5224 -0.8398 * C42H75NO8P 
PC(35:1) 774.6013 774.5997 -2.0423 * C43H85NO8P 
PC(35:2) 772.5856 772.5855 -0.1709 ** C43H83NO8P 
PC(35:3) 770.5700 770.5698 -0.2362 ** C43H81NO8P 
PC(35:4) 768.5543 768.5536 -0.9511 ** C43H79NO8P 
PC(36:1) 788.6169 788.6144 -3.2107 * C44H87NO8P 
PC(36:2) 786.6013 786.5995 -2.2654 (18:1/18:1) and 

(18:0/18:2) 
C44H85NO8P 

PC(36:3) 784.5856 784.5856 -0.0408 (18:1/18:2) and 
(18:0/18:3) 

C44H83NO8P 

PC(36:4) 782.5700 782.5693 -0.8715 (18:2/18:2) and 
(18:1/18:3) 

C44H81NO8P 

PC(36:5) 780.5543 780.5540 -0.4241 ** C44H79NO8P 
PC(36:6) 778.5387 778.5383 -0.4907 ** C44H77NO8P 
PC(37:3) 798.6013 798.6002 -1.3549 ** C45H85NO8P 
PC(38:2) 814.6326 814.6304 -2.6785 * C46H89NO8P 
PC(38:3) 812.6169 812.6165 -0.5316 (18:2/20:1) and 

(18:1/20:2) 
C46H87NO8P 

PC(38:4) 810.6013 810.6022 1.1325 (18:2/20:2) C46H85NO8P 
PC(38:8) 802.5387 802.5364 -2.8435 ** C46H77NO8P 
PC(38:9) 800.5230 800.5201 -3.6626 * C46H75NO8P 
PC(40:1) 844.6795 844.6779 -1.9321 ** C48H95NO8P 
PC(40:6) 834.6013 834.5985 -3.3333 * C48H85NO8P 
PC(41:2) 856.6795 856.6795 -0.0374 ** C49H95NO8P 
PC(42:2) 870.6952 870.6956 0.4812 ** C50H97NO8P 
PC(42:3) 868.6795 868.6797 0.1934 ** C50H95NO8P 
PC(43:2) 884.7108 884.7120 1.3202 ** C51H99NO8P 

PC identified as  [M + CH3COO]- 
LPC(18:1) 580.3614 580.3627 -2.1590 18:1 C28H55NO9P 

PE identified as  [M+H]+ 
LPE(14:0) 426.2621 426.2615 -1.3302 *  C19H41NO7P 
LPE(16:0) 454.2934 454.2934 0.0726 16:0 C21H45NO7P 
LPE(16:1) 452.2777 452.2778 0.1835 16:1 C21H43NO7P 
LPE(17:0) 468.3090 468.3091 0.1772 17:0 C22H47NO7P 
LPE(17:1) 466.2934 466.2934 0.0708 17:1 C22H45NO7P 
LPE(18:0) 482.3247 482.3261 2.9710 *  C23H49NO7P 
LPE(18:1) 480.3090 480.3092 0.3810 18:1 C23H47NO7P 
LPE(18:2) 478.2934 478.2936 0.4871 18:2 C23H45NO7P 
LPE(18:3) 476.2777 476.2756 -4.4449 18:3 C23H43NO7P 
LPE(20:1) 508.3403 508.3405 0.3620 20:1 C25H51NO7P 
LPE(20:2) 506.3247 506.3258 2.2377 20:2 C25H49NO7P 
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LPE(20:3) 504.3090 504.3080 -2.0166 *  C25H47NO7P 
LPE(20:4) 502.2934 502.2912 -4.3142 20:4 C25H45NO7P 
LPE(20:5) 500.2777 500.2753 -4.8313 *  C25H43NO7P 
PE(32:0) 692.5230 692.5232 0.2426 (16:0/16:0) C37H75NO8P 
PE(32:1) 690.5074 690.5078 0.6054 (14:0/18:1) and 

(16:0/16:1) 
C37H73NO8P 

PE(32:2)  688.491732 688.4909 -1.2084 (14:0/18:2) C37H71O8NP 
PE(33:1) 704.5230 704.5243 1.7998 (18:1/15:0) and 

(17:1/16:0) 
C38H75NO8P 

PE(33:3) 700.4917 700.4940 3.2377 ** C38H71NO8P 
PE(34:1) 718.5387 718.5377 -1.3667 (16:0/18:1) C39H77NO8P 
PE(34:2) 716.5230 716.5234 0.5136 (16:0/18:2) C39H75NO8P 
PE(34:3) 714.5074 714.5077 0.4451 (16:0/18:3) C39H73O8NP 
PE(34:4) 712.4917 712.4935 2.4814 *  C39H71NO8P 
PE(35:3) 728.5230 728.5224 -0.8675 (18:2/17:1) C40H75NO8P 
PE(36:1) 746.5700 746.5671 -3.8603 * C41H81O8NP 
PE(36:2)  744.554331 744.5547 0.4956 (18:1/18:1), (16:0/20:2) 

and (18:0/18:2)  
C41H79O8NP 

PE(36:3)  742.538682 742.5380 -0.9185 (18:1/18:2) and 
(18:0/18:3) 

C41H77NO8P 

PE(36:4) 740.5230 740.5213 -2.3389 (18:2/18:2) C41H75NO8P 
PE(36:5)  738.507382 738.5054 -2.6838 * C41H73O8NP 
PE(38:2) 772.5856 772.5857 0.0880 (18:1/20:1)  C43H83O8NP 
PE(38:3) 770.5700 770.5696 -0.4957 (18:1/20:2) and 

(18:2/20:1) 
C43H81NO8P 

PE(38:4) 768.5543 768.5524 -2.5125 (18:2/20:2), (18:1/20:3) 
and (18:3/20:1) 

C43H79O8NP 

PE(38:5) 766.5387 766.5359 -3.6293 * C43H77NO8P 
PE(38:6) 764.5230 764.5201 -3.8351 * C43H75O8NP 
PE(40:5) 794.5700 794.5675 -3.1237 * C45H81O8NP 
PE(40:6) 792.5543 792.5517 -3.3196 * C45H79O8NP 

PE identified as  [M-H]- 
LPE(15:0) 438.2621 438.2632 -2.5852 15:0 C20H41NO7P 
PE(28:0) 634.4448 634.4460 -1.9198 * C33H65NO8P 
PE(33:2) 700.4917 700.4948 -4.3798 (16:0/17:2) and 

(15:0/18:2) 
C38H71NO8P 

PE(35:2) 728.5230 728.5247 -2.2896 (17:0/18:2) and 
(17:1/18:1) 

C40H75NO8P 

PE(36:6) 734.4761 734.4789 -3.8367 (18:3/18:3) and (18:3O) C41H69NO8P 
PE (37:2) 756.5543 756.5534 1.2306 (18:1/19:1)  C42H79NO8P 
PE (37:3) 754.5387 754.5375 1.5665 (18:2/19:1)  C42H77NO8P 

SM identified as  [M+H]+ 
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SM(d34:1) 703.5754 703.5750 0.5699 ** C39H80N2O6P 
SM(d35:1) 717.5911 717.5904 0.9072 * C36H76N2O7P 

PA identified as  [M-H]- 
LPA(18:2) 433.2355 433.2358 -0.6532 18:2 C21H38O7P 
PA(34:1) 673.4808 673.4818 -1.4358 * C37H70O8P 
PA(34:2) 671.4652 671.4669 -2.5571 (16:0/18:2) C37H68O8P 
PA(34:3) 669.4495 669.4514 -2.7889 (16:0/18:3) and 

(16:1/18:2) 
C37H66O8P 

PA(36:1) 701.5121 701.5101 2.8980 (18:0/18:1) C39H74O8P 
PA(36:2) 699.4965 699.4981 -2.3117 (18:1/18:1) and 

(18:0/18:2) 
C39H72O8P 

PA(36:3) 697.4808 697.4822 -1.9599 ** C39H70O8P 
PA(36:4) 695.4652 695.4668 -2.3251 (18:2/18:2) and 

(18:1/18:3) 
C39H68O8P 

PA(36:5) 693.4495 693.4512 -2.4039 (18:2/18:3) C39H66O8P 
PA(36:6) 691.4339 691.4359 -2.9171 (18:3/18:3) C39H64O8P 
PA(35:2) 685.4808 685.4819 -1.5566 (17:0/18:2) and 

(17:1/18:1) 
C38H70O8P 

PA(35:3) 683.4652 683.4667 -2.2196 (17:1/18:2) C38H68O8P 
PA(38:2) 727.5278 727.5272 0.8013 * C41H76O8P 
PA(38:3) 725.5121 725.5145 -3.2625 * C41H74O8P 

CL identified as  [M-H]- 
CL(54:6) 1185.7347 1185.7350 -0.2184 * C63H111O16P2 
CL(66:0) 1379.9957 1379.9904 3.8449 * C75H145O17P2 
CL(70:2) 1432.0270 1432.0208 4.3337 * C79H149O17P2 
CL(70:3) 1430.0114 1430.0063 3.5356 * C79H147O17P2 
CL(70:4) 1427.9957 1427.9900 3.9958 * C79H145O17P2 
CL(70:5) 1425.9801 1425.9766 2.4229 (16:0/18:1/18:2/18:2), 

(16:0/18:0/18:2/18:3), 
(16:1/18:0/18:2/18:2) 
and 
(17:0/17:0/18:2/18:3) 

C79H143O17P2 

CL(70:6) 1423.9644 1423.9548 6.7460 (16:0/18:2/18:2/18:2), 
(16:1/18:1/18:2/18:2) 
and 
(16:0/18:1/18:2/18:3) 

C79H141O17P2 

CL(72:3) 1458.0427 1458.0359 4.6336 * C81H151O17P2 
CL(72:4) 1456.0270 1456.0214 3.8502 (18:0/18:0/18:1/18:3), 

(18:0/18:1/18:1/18:2) 
and (18:1/18:1/18:1/18:1) 

C81H149O17P2 

CL(72:5) 1454.0114 1454.0123 -0.6492 (18:1/18:1/18:1/18:2) C81H147O17P2 
CL(72:6) 1451.9957 1451.9946 0.7617 * C81H145O17P2 
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CL(72:7) 1449.9801 1449.9834 2.3069 (18:0/18:2/18:2/18:3) 
and 
(18:1/18:1/18:2/18:3) 

C81H143O17P2 

CL(72:8) 1447.9644 1447.9646 -0.1340 (18:1/18:1/18:2/18:3) C81H141O17P2 
CL(72:9) 1445.9488 1445.9451 2.5284 (18:2/18:2/18:2/18:3) C81H139O17P2 
CL(74:10) 1471.9644 1471.9594 3.4009 * C83H141O17P2 
CL(74:11) 1469.9488 1469.9456 2.1470 * C83H139O17P2 
CL(74:7) 1478.0114 1478.0049 4.3680 * C83H147O17P2 
CL(74:9) 1473.9801 1473.9757 2.9546 * C83H143O17P2 

PI identified as  [M-H]- 
PI(34:1) 835.5337 835.5349 -1.4865 * C43H80O13P 
PI(34:2) 833.5180 833.5192 -1.4301 (16:0/18:2) and 

(16:1/18:1) 
C43H78O13P 

PI(34:3) 831.5024 831.5031 -0.8924 (16:0/18:3) and 
(16:1/18:2) 

C43H76O13P 

PI(36:0) 865.5806 865.5803 0.3558 * C45H86O13P 
PI(36:1) 863.5650 863.5674 -2.8290 (18:0/18:1) C45H84O13P 
PI(36:2) 861.5493 861.5513 -2.3121 (18:1/18:1) and 

(18:0/18:2) 
C45H82O13P 

PI(36:3) 859.5337 859.5356 -2.2594 (18:1/18:2) and 
(18:0/18:3) 

C45H80O13P 

PI(36:4) 857.5180 857.5200 -2.3230 (18:2/18:2) and 
(18:1/18:3) 

C45H78O13P 

PI(35:1) 849.5493 849.5491 0.2448 (17:0/18:1) and 
(16:0/19:1) 

C44H82O13P 

PI(35:2) 847.5337 847.5348 -1.3474 (17:1/18:1) and 
(17:0/18:2) 

C44H80O13P 

PG identified as  [M-H]- 
PG(34:1) 747.5176 747.5179 -0.3839 * C40H76O10P 
PG(34:2) 745.5020 745.5031 -1.5265 (16:0/18:2) and 

(16:1/18:1) 
C40H74O10P 

PG(36:2) 773.5333 773.5329 0.4693 * C42H78O10P 
PG(36:3) 771.5176 771.5178 -0.2424 (18:1/18:2) and 

(18:0/18:3) 
C42H76O10P 

PG(36:4) 769.5020 769.5029 -1.2190 * C42H74O10P 
PG(36:5) 767.4863 767.4874 -1.4163 * C42H72O10P 

PS identified as  [M-H]- 
PS(34:2) 758.4972 758.4983 -1.4344 (16:0/18:2) C40H73NO10P 

 

SM 6 – Triacylglycerols identified by LC-MS and LC-MS/MS of neutral lipid extracts of 

Lasiodiplodia theobromae, in the positive ion mode. The complete list of TG molecular species 
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identified in positive mode, in MS and MS/MS spectra, are annotated. Data are presented as the 

respective sums of carbon atoms (C) and double bonds (N), followed by the calculated m/z 

values (ratios of mass to charge), plus the observed m/z values, followed by the error (< 5 ppm) 

and fatty acyl chains that compose the lipid, plus the respective formula. 

Lipid species 
(C:N) 

Calculated 
m/z  

Observed 
m/z  

Error 
(ppm) 

Fatty acyl chains 
(C:N) 

Formula 

TAG  identified as  [M+NH4]+ 
TG(47:4) 802.6925 802.6956 -3.9069 * C50H92NO6 
TG(47:1) 808.7394 808.7364 3.7268 * C50H98NO6 
TG(47:0) 810.7551 810.7514 4.5192 * C50H100NO6 
TG(48:4) 816.7081 816.7104 -2.7990 * C51H94NO6 
TG(48:2) 820.7394 820.7358 4.4033 * C51H98NO6 
TG(48:1) 822.7551 822.7512 4.6964 * C51H100NO6 
TG(48:0) 824.7707 824.7668 4.7456 * C51H102NO6 
TG(49:4) 830.7238 830.727 -3.8954 * C52H96NO6 
TG(49:2) 834.7551 834.7512 4.6289 * C52H100NO6 
TG(49:0) 838.7864 838.7823 4.8451 * C52H104NO6 
TG(50:6) 840.7081 840.7108 -3.1949 * C53H94NO6 
TG(50:5) 842.7238 842.7268 -3.6026 * C53H96NO6 
TG(50:4) 844.7394 844.7391 0.3717 * C53H98NO6 
TG(50:3) 846.7551 846.7508 5.0357 * C53H100NO6 
TG(50:2) 848.7707 848.7689 2.1372 (14:0/18:2/20:0), 

(16:0/16:1/18:1) and 
(16:0/16:0/18:2) 

C53H102NO6 

TG(50:1) 850.7864 850.7847 1.9558 (18:1/16:0/16:0) and 
(16:1/16:0/18:0) 

C53H104NO6 

TG(51:4) 858.7551 858.7579 -3.3025 * C54H100NO6 
TG(51:3) 860.7707 860.7671 4.1986 * C54H102NO6 
TG(51:2) 862.7864 862.7831 3.7831 * C54H104NO6 
TG(51:1) 864.8020 864.7981 4.5259 * C54H106NO6 
TG(52:7) 866.7238 866.7255 -2.0029 * C55H96NO6 
TG(52:6) 868.7394 868.7417 -2.6314 * C55H98NO6 
TG(52:5) 870.7551 870.755 0.0735 * C55H100NO6 
TG(52:4) 872.7707 872.7676 3.5679 (16:0/18:2/18:2), 

(16:0/18:1/18:3) and 
(16:1/18:1/18:2) 

C55H102NO6 

TG(52:3) 874.7864 874.7827 4.1885 (16:0/18:1/18:2) and 
(16:1/18:1/18:1) 

C56H92NO6 

TG(52:2) 876.8020 876.7983 4.2358 (16:0/18:0/18:2) and 
(16:1/18:0/18:1) 

C55H106NO6 

TG(53:8) 878.7238 878.7272 -3.9102 * C56H96NO6 
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TG(52:1) 878.8177 878.8131 5.1933 (16:0/18:0/18:1) C55H108NO6 
TG(53:7) 880.7394 880.742 -2.9362 * C56H98NO6 
TG(53:6) 882.7551 882.7574 -2.6463 * C56H100NO6 
TG(53:5) 884.7707 884.7724 -1.9056 * C56H102NO6 
TG(53:4) 886.7864 886.7892 -3.1981 * C56H104NO6 
TG(53:3) 888.8020 888.7975 5.0787 * C56H106NO6 
TG(54:9) 890.7238 890.7234 0.4087 * C57H96NO6 
TG(53:2) 890.8177 890.8134 4.7866 (17:0/18:1/18:1), 

(17:1/18:1/18:0) and 
(17:0/18:2/18:0) 

C56H108NO6 

TG(54:8) 892.7394 892.7408 -1.5525 * C57H98NO6 
TG(53:1) 892.8333 892.8308 2.8158 * C56H110NO6 
TG(54:7) 894.7551 894.7556 -0.5990 * C57H100NO6 
TG(54:6) 896.7707 896.7675 3.5840 * C57H102NO6 
TG(54:5) 898.7864 898.7823 4.5217 * C57H104NO6 
TG(54:4) 900.8020 900.7974 5.1221 (18:1/18:1/18:2) and 

(18:0/18:2/18:2) 
C57H106NO6 

TG(55:10) 902.7238 902.7249 -1.2584 * C58H96NO6 
TG(54:3) 902.8177 902.813 5.1660 (18:1/18:0/18:2) and 

(18:1/18:1/18:1) 
C57H108NO6 

TG(55:9) 904.7394 904.7412 -1.9740 * C58H98NO6 
TG(54:2) 904.8333 904.8286 5.2098 (18:0/18:1/18:1), 

(18:0/18:0/18:2), 
(16:0/20:0/18:2) and 
(16:0/18:1/20:1) 

C57H110NO6 

TG(55:8) 906.7551 906.7572 -2.3557 * C58H100NO6 
TG(54:1) 906.8490 906.8444 5.0328 (18:0/18:0/18:1), 

(16:0/20:0/18:1) 
C57H112NO6 

TG(55:7) 908.7707 908.7728 -2.2954 * C58H102NO6 
TG(55:6) 910.7864 910.7882 -2.0158 * C58H104NO6 
TG(55:5) 912.8020 912.8037 -1.8471 * C58H106NO6 
TG(55:4) 914.8177 914.8195 -2.0070 * C58H108NO6 
TG(56:5) 926.8177 926.8138 4.1691 * C59H108NO6 
TG(56:2) 932.8646 932.8603 4.6245 * C59H114NO6 
TG(56:1) 934.8803 934.8756 4.9889 * C59H116NO6 
TG(57:7) 936.8020 936.8054 -3.6144 * C60H106NO6 
TG(57:1) 948.8959 948.8927 3.3871 * C60H118NO6 
TG(58:6) 952.8333 952.8304 3.0582 * C61H110NO6 
TG(58:5) 954.8490 954.8493 -0.3519 * C61H112NO6 
TG(58:4) 956.8646 956.8611 3.6724 * C61H114NO6 
TG(58:2) 960.8959 960.8916 4.4896 * C61H118NO6 
TG(58:1) 962.9116 962.9069 4.8436 * C61H120NO6 
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TG(59:7) 964.8333 964.8357 -2.4730 * C62H110NO6 
TG(59:6) 966.8490 966.8508 -1.8990 * C62H112NO6 
TG(59:5) 968.8646 968.8661 -1.5338 * C62H114NO6 
TG(59:4) 970.8803 970.8801 0.1689 * C62H116NO6 
TG(59:3) 972.8959 972.8909 5.1537 * C62H118NO6 
TG(59:2) 974.9116 974.9061 5.6046 * C62H120NO6 
TG(59:1) 976.9272 976.9225 4.8253 * C62H122NO6 
TG(60:5) 982.8803 982.88 0.2686 * C63H116NO6 
TG(60:4) 984.8959 984.8923 3.6694 * C63H118NO6 
TG(60:3) 986.9116 986.9068 4.8272 * C63H120NO6 
TG(60:2) 988.9272 988.9224 4.8679 * C63H122NO6 
TG(60:1) 990.9429 990.9378 5.1103 * C63H124NO6 
TG(61:7) 992.8646 992.8673 -2.7053 * C64H114NO6 
TG(61:6) 994.8803 994.8821 -1.8454 * C64H116NO6 
TG(61:5) 996.8959 996.8972 -1.2900 * C64H118NO6 
TG(61:4) 998.9116 998.9078 3.7681 * C64H120NO6 
TG(61:3) 1000.9272 1000.9222 5.0094 * C64H122NO6 

 

SM 7 – Triacylglycerols identified by LC-MS and LC-MS/MS of neutral lipid extracts of 

Lasiodiplodia hormozganensis, in the positive ion mode. The complete list of TG molecular 

species identified in positive mode, in MS and MS/MS spectra, are annotated. Data are 

presented as the respective sums of carbon atoms (C) and double bonds (N), followed by the 

calculated m/z values (ratios of mass to charge), plus the observed m/z values, followed by the 

error (< 5 ppm) and fatty acyl chains that compose the lipid, plus the respective formula. 

Lipid 
species 
(C:N) 

Calculated 
m/z  

Observed 
m/z  

Error 
(ppm) Fatty acyl chains (C:N) Formula 

TAG  identified as  [M+NH4]+ 
TG(47:1) 808.7394 808.7375 2.3666 * C50H98NO6 
TG(47:0) 810.7551 810.7535 1.9291 * C50H100NO6 
TG(48:1) 822.7551 822.7516 4.2102 * C51H100NO6 
TG(48:0) 824.7707 824.7674 4.0181 * C51H102NO6 
TG(49:2) 834.7551 834.7523 3.3112 * C52H100NO6 
TG(49:1) 836.7707 836.7678 3.4824 * C52H102NO6 
TG(50:4) 844.7394 844.737 2.8577 * C53H98NO6 
TG(50:3) 846.7551 846.7521 3.5004 * C53H100NO6 
TG(50:2) 848.7707 848.7683 2.8441 * C53H102NO6 
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TG(50:1) 850.7864 850.78385 2.9549 (16:0/16:0/18:1), 
(18:0/18:1/14:0), 
(16:0/16:1/18:0), 
(15:0/15:0/20:0), 
(15:0/17:0/18:1) and 
(16:1/17:0/17:0) 

C53H104NO6 

TG(51:6) 854.7238 854.7279 -4.8390 * C54H96NO6 
TG(51:5) 856.7394 856.7406 -1.3843 * C54H98NO6 
TG(51:4) 858.7551 858.7538 1.4719 * C54H100NO6 
TG(51:3) 860.7707 860.7678 3.3853 * C54H102NO6 
TG(51:2) 862.7864 862.7836 3.2036 * C54H104NO6 
TG(51:1) 864.8020 864.7987 3.8321 * C54H106NO6 
TG(52:6) 868.7394 868.7382 1.3974 * C55H98NO6 
TG(52:5) 870.7551 870.7522 3.2891 * C55H100NO6 
TG(52:4) 872.7707 872.7679 3.2242 * C55H102NO6 
TG(52:3) 874.7864 874.7835 3.2739 (18:1/18:2/16:0), 

(18:1/18:1/16:1) and 
(18:0/18:2/16:1) 

C55H104NO6 

TG(52:2) 876.8020 876.7983 4.2358 * C55H106NO6 
TG(52:1) 878.8177 878.8139 4.2830 * C55H108NO6 
TG(53:7) 880.7394 880.743 -4.0716 * C56H98NO6 
TG(53:6) 882.7551 882.7564 -1.5134 * C56H100NO6 
TG(53:5) 884.7707 884.7742 -3.9400 (17:0/18:2/18:3) C56H102NO6 
TG(53:4) 886.7864 886.7842 2.4403 * C56H104NO6 
TG(53:3) 888.8020 888.7989 3.5036 * C56H106NO6 
TG(53:2) 890.8177 890.8144 3.6640 * C56H108NO6 
TG(53:1) 892.8333 892.8308 2.8158 * C56H110NO6 
TG(54:8) 892.7394 892.7391 0.3517 * C57H98NO6 
TG(54:7) 894.7551 894.7525 2.8656 * C57H100NO6 
TG(54:6) 896.7707 896.7678 3.2494 * C57H102NO6 
TG(54:5) 898.7864 898.7829 3.8541 (18:2/18:2/18:1), 

(18:1/18:1/18:3) and 
(18:0/18:2/18:3) 

C57H104NO6 

TG(54:4) 900.8020 900.7982 4.2340 (18:1/18:1/18:2) C57H106NO6 
TG(55:10) 902.7238 902.7282 -4.9140 * C58H96NO6 
TG(54:3) 902.8177 902.8136 4.5015 (18:0/18:1/18:2), 

(18:0/18:1/18:2), 
(18:0/18:0/18:3), 
(16:0/20:0/18:3), 
(16:1/20:1/18:1), 
(16:0/20:1/18:2) and 
(16:1/20:0/18:2) 

C57H108NO6 

TG(55:9) 904.7394 904.7428 -3.7425 * C58H98NO6 
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TG(54:2) 904.8333 904.8292 4.5467 (18:0/18:1/18:1) and 
(20:0/18:2/16:0) 

C57H110NO6 

TG(55:8) 906.7551 906.7589 -4.2305 * C58H100NO6 
TG(54:1) 906.8490 906.8454 3.9301 (18:0/18:0/18:1) and 

(16:0/18:1/20:0) 
C57H112NO6 

TG(55:7) 908.7707 908.774 -3.6159 (17:1/18:1/20:5), 
(17:0/18:2/20:5), 
(17:2/18:3/20:2) and 
(17:1/18:3/20:2) 

C58H102NO6 

TG(55:6) 910.7864 910.7905 -4.5411 * C58H104NO6 
TG(56:3) 930.8490 930.8449 4.3659 * C59H112NO6 
TG(56:2) 932.8646 932.8613 3.5525 * C59H114NO6 
TG(56:1) 934.8803 934.8772 3.2774 * C59H116NO6 
TG(57:1) 948.8959 948.8929 3.1763 * C60H118NO6 
TG(58:5) 954.8490 954.8466 2.4758 * C61H112NO6 
TG(58:3) 958.8803 958.8760 4.4469 * C61H116NO6 
TG(58:2) 960.8959 960.8930 3.0326 * C61H118NO6 
TG(58:1) 962.9116 962.9084 3.2859 * C61H120NO6 
TG(59:4) 970.8803 970.8783 2.0229 * C62H116NO6 
TG(59:2) 974.9116 974.9076 4.0660 * C62H120NO6 
TG(59:1) 976.9272 976.9238 3.4946 * C62H122NO6 
TG(60:5) 982.8803 982.8777 2.6087 * C63H116NO6 
TG(60:4) 984.8959 984.8932 2.7556 * C63H118NO6 
TG(60:3) 986.9116 986.9084 3.2060 * C63H120NO6 
TG(60:2) 988.9272 988.9249 2.3399 * C63H122NO6 
TG(60:1) 990.9429 990.9392 3.6975 * C63H124NO6 

 

SM 8 – Fatty acids identified by GC-MS of total lipid extracts of Lasiodiplodia theobromae. The 

complete list of FA molecular species identified in GC-MS, are annotated. Data are presented as 

the fatty acid and common name, followed by the respective sums of carbon atoms (C) and 

double bonds (N), plus the observed m/z values (ratios of mass to charge), followed the 

respective formula. 

Fatty acid Common name 
Lipid species 

(C:N) 
Observ
ed m/z  Formula 

FA identified as FAMEs 
Isotridecanoate Isomyristic acid FA(14:0) 242.21 C14H2802 

Isotetradecanoate Isopentadecylic acid FA(15:0) 256.21 C15H30O2 
9-methyltetradecanoate - FA(15:0) 256.21 C15H30O2 

Hexadecanoate Palmitic acid FA(16:0) 270.24 C16H32O2 
9-hexadecenoate Palmitoleic acid FA(9-16:1) 268.18 C16H30O2 



 

104 
 

11-hexadecenoate Lycopodic acid FA(11-16:1) 268.18 C16H30O2 
Isoheptadecanoate Isomargaric acid FA(17:0) 284.24 C17H34O2 

Heptadecanoate Margaric acid FA(17:0) 284.25 C17H34O2 
9-heptadecenoate Margaroleic acid FA(9-17:1) 282.24 C17H32O2 
8-heptadecenoate Civetic acid FA(8-17:1) 282.21 C17H32O2 

Octadecanoate Stearic acid FA(18:0) 298.27 C18H36O2 
13-octadecenoate - FA(13-18:1) 296.26 C18H34O2 

7,12-octadecadienoate Rumenic acid FA(7,12-18:2) 294.24 C18H32O2 
Nonadecanoate  Nonadecylic acid FA(19:0) 312.28 C19H38O2 

9,12,15-octadecatrienoate α-Linolenic acid FA((18:3)n-3) 292.21 C18H30O2 
Eicosanoate Arachidic acid FA(20:0) 326.29 C20H40O2 

9-eicosanoate Gadoleic acid FA(9-20:1) 324.26 C20H38O2 
11,14-eicosadienoate - FA((20:2)n-6) 322.23 C20H36O2 
Isoheneicosanoate Isobehenic acid FA(22:0) 354.32 C22H44O2 

Docosanoate Behenic acid FA(22:0) 354.32 C22H44O2 
21-methyldocosanoate Isotricosanoic acid FA(23:0) 368.34 C23H46O2 

Tricosanoate Tricosylic acid FA(23:0) 368.34 C23H46O2 
Tetracosanoate Lignoceric acid FA(24:0) 382.36 C24H48O2 

 

SM 9 – Fatty acids identified by GC-MS of total lipid extracts of Lasiodiplodia hormozganensis. 

The complete list of FA molecular species identified in GC-MS, are annotated. Data are 

presented as the fatty acid and common name, followed by the respective sums of carbon 

atoms (C) and double bonds (N), plus the observed m/z values (ratios of mass to charge), 

followed the respective formula. 

Fatty acid Common name Lipid species 
(C:N) 

Observed 
m/z  

Formula 

FA identified as FAMEs 
Isotridecanoate Isomyristic acid FA(14:0) 242.21 C14H2802 

9-methyltetradecanoate - FA(15:0) 256.21 C15H30O2 
Isotetradecanoate Isopentadecylic acid FA(15:0) 256.21 C15H30O2 

Hexadecanoate Palmitic acid FA(16:0) 270.24 C16H32O2 
11-hexadecenoate Lycopodic acid FA(11-16:1) 268.15 C16H30O2 
9-hexadecenoate Palmitoleic acid FA(9-16:1) 268.20 C16H30O2 

Isoheptadecanoate Isomargaric acid FA(17:0) 284.25 C17H34O2 
Heptadecanoate Margaric acid FA(17:0) 284.26 C17H34O2 

9-heptadecenoate Margaroleic acid FA(9-17:1) 282.14 C17H32O2 
8-heptadecenoate Civetic acid FA(8-17:1) 282.24 C17H32O2 

Octadecanoate Stearic acid FA(18:0) 298.27 C18H36O2 
13-octadecenoate - FA(13-18:1) 296.23 C18H34O2 
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7,12-octadecadienoate Rumenic acid FA(7,12-18:2) 294.24 C18H32O2 
Nonadecanoate  Nonadecylic acid FA(19:0) 312.29 C19H38O2 

9,12,15-octadecatrienoate α-Linolenic acid FA((18:3)n-3) 292.21 C18H30O2 
Eicosanoate Arachidic acid FA(20:0) 326.29 C20H40O2 

9-eicosanoate Gadoleic acid FA(9-20:1) 324.26 C20H38O2 
11,14-eicosadienoate - FA((20:2)n-6) 322.21 C20H36O2 
Isoheneicosanoate Isobehenic acid FA(22:0) 354.32 C22H44O2 

Tricosanoate Tricosylic acid FA(23:0) 368.33 C23H46O2 
Tetracosanoate Lignoceric acid FA(24:0) 382.36 C24H48O2 

 
 


