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Summary 

Sphingolipids (SPLs) are key components of the plasma membrane in yeast and filamentous fungi. 

These molecules are involved in a number of cellular processes, and particularly, SGLs are essential 

components of the highly polarized fungal growth where they are required for the formation of the 

polarisome organization at the hyphal apex. Aspergillus fumigatus, a human fungal pathogen, produce 

SGLs that are discriminated into neutral cerebrosides, glycosylinositolphosphoceramides (GIPCs) and 

glycosylphosphatidylinositol (GPI) anchors. In addition to complex hydrophilic head groups of GIPCs, A. 

fumigatus is, to date, the sole fungus that produces a GPI-anchored polysaccharide. These SPLs follow 

three different biosynthetic pathways. Genetics blockage leading to the inhibition of any SPL 

biosynthesis or to the alteration of the structure of SPL induces growth and virulence defects. The 

complete lipid moiety of SPLs is essential for the lipid microdomain organization and their biosynthetic 

pathways are potential antifungal targets but remains understudied. 

 

1 Introduction 

Aspergillus fumigatus is a saprotrophic filamentous fungus widely distributed in nature and is the most 

important airborne fungal pathogen in the world [1]. The continuous presence of conidia (asexual 

spores) in the air leads to their inhalation by humans and consecutively to allergic, pulmonary and 

invasive diseases [2]. The clinical presentation of A. fumigatus infection depends on the immune status 

of the host. Of the various pulmonary diseases, allergic bronchopulmonary aspergillosis (ABPA) and 

chronic pulmonary aspergillosis (CPA) generally occur in the immunocompetent individual while 

invasive pulmonary aspergillosis (IPA) manifests in the immunocompromised host [3]. Invasive 

aspergillosis (IA) remains the main cause of mortality in the patients undergoing allogeneic 

hematological stem cell transplantation [4,5]. 

 

Filamentous fungi are extremely polarized organisms, exhibiting continuous growth at their hyphal tip. 

Polarized growth requires an active vesicle trafficking to transport proteins and lipids required for the 

membrane extension and cell wall biosynthesis at the hyphal tip. The spitzenkorper is a vesicle 

structure and organizing center for hyphal growth [6]. Its integrity depends on microtubule, actin 

filament and also on the polarisome, a protein-ergosterol-sphingolipid complex localized at the plasma 

membrane of the apex. Ergosterol has been well studied as the main antifungal drug target. In 

contrast, the role of sphingolipids in fungal growth and as a putative antifungal target remains not well 

explored. Filamentous fungi are producing two types of sphingolipids, neutral and acidic. In this 

review, I will describe the knowledge on the structure and function of sphingolipids in A. fumigatus 

and discuss their putative importance during infection. 

 

2 Neutral sphingolipids 

Cerebrosides or monohexosylceramides are neutral glycosphingolipids produced by almost all 

eukaryotic organisms and also by few bacteria. In the fungal kingdom, cerebrosides have been 

described in many fungal species [7], with the exception of well-known yeasts such as Saccharomyces 

cerevisiae, Schizosaccharomyces pombe and Candida glabrata [8–10]. Their structures are conserved 

among fungal species studied so far. Fungal cerebrosides contain one glucose unit (GlcCer) or 

galactose unit (GalCer) covalently bound to the primary alcohol of an N-acyl sphingoid base through a 
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β-glycosidic linkage, and is mainly composed of a 9-methyl-4,8-sphingadienine [7,11]. Although the 

GalCer has been reported as a minor fungal cerebroside, its relative expression seems dependent on 

the fungal morphotype (yeast versus mycelium) as observed in the mycopathogen Sporothrix schenckii 

[12]. In A. fumigatus, GlcCer and GalCer have been purified from the mycelium and analysed by mass 

spectrometry and NMR [11,13] (Fig. 1). The GlcCer/GalCer ratio is dependent on isolates and growth 

condition, where GalCer may represent 20 to 50% of the total cerebroside amount [11]. The ceramide 

moiety is composed of a 9-methyl-4,8-sphindadienine as long chain base (LCB) in combination with 

either N-2’-hydroxyoctadecanoate or N-2’-hydroxyoctadecenoate (Fig. 1). GlcCer and GalCer may 

contain both ceramide structures but in variable proportion [11]. Although the inhibition of GlcCer 

biosynthetic pathway affects the conidial germination, hyphal growth, cell cycle and cell wall 

organisation [14,15], the presence of monohexosylceramide in conidia from Aspergillus species has 

never been investigated and its biological function remains poorly studied in A. fumigatus.  

 

In fungal cells, GlcCer biosynthetic pathway starts with the condensation of a serine residue and the 

palmityol-Coenzyme A, leading to the formation of 3-ketosphinganine, which is further reduced to 

sphinganine through the activity of a 3-ketosphinganine reductase (Fig. 2) [7]. The sphinganine is then 

N-acylated by a specific ceramide synthase, called BarA, to generate a ceramide. BarA activity has been 

identified as the target of the bacterial compound HSAF (Heat stable antifungal factor isolated from 

Lysobacter enzymogenes) [8]. Then, three enzymatic reactions occur sequentially that lead to ∆4- and 

∆8-desaturation and addition of a methyl group at the C-9 position on the LCB (Fig. 2)[16–18]. Finally, a 

β-glucosyltransferase, Gcs1 for glucosylceramide synthase, uses UDP-Glc as sugar donor to transfer a 

glucose unit onto the primary hydroxyl group to form β-glucosylceramide [19]. The transferase 

involved in the addition of the galactose residue on ceramide remains unknown.  

 

In Cryptococcus neoformans, a human yeast pathogen, it has been shown that, once produced, GlcCer 

is exported to the plasma membrane, cell wall or secreted to the extracellular space in vesicles [20,21]. 

In Aspergillus species, the presence of exosomes has never been observed. GlcCer seems mainly 

localised at the plasma membrane. However, intracellular trafficking of fungal GlcCer has never been 

investigated [22]. Biological functions of GlcCer in fungi have been studied through gene deletion and 

inhibitory approaches. The interruption of any steps of the GlcCer biosynthetic pathway leads to a 

defect in growth, morphology and virulence in yeast and filamentous fungal pathogen [23–25]. Among 

Aspergillus species, GlcCer biosynthesis and functions have been mainly investigated in A. nidulans, a 

model filamentous fungus. The disruption of the initial step of GlcCer synthesis by gene deletion of 

barA or by inhibition in presence of HSAF strongly reduces the polarized growth and leads to the 

formation of enlarged and hyperbranched hyphae, with a cell wall alteration [15,26]. Similar 

phenotypes were observed when other biosynthetic steps were interrupted [27], showing that the 

structure of the ceramide, i.e., unsaturation and methylation of the LCB, is essential for the biological 

function of GlcCer. In these mutants, defect in the cell polarity was accompanied by a mislocalisation 

of lipid microdomains. Polarized hyphal growth requires the formation of sterol-sphingolipid domains 

at the plasma membrane. These domains are easily observed by filipin staining, a fluorescent dye that 

binds to ergosterol. The absence of filipin staining in GlcCer deficient strain or mutant with altered 

ceramide structure showed that GlcCer is essential for the polarisome organisation at the apex [26,27]. 

The function the methyl group at the C-9, which is absent in plant and mammalian GlcCer structures 

[17], has been studied in yeast and filamentous fungi. The deletion of the specific methyl-transferase 

involved in GlcCer synthesis leads to defects in hyphal growth and in virulence of pathogenic fungal 

strains [18,24,28,29]. In C. albicans, the presence of GlcCer and its methyl group are critical for the 

sensitivity to the plant defensin peptide AFP1 [30], showing the involvement of the methyl group in 

the interaction of GlcCer and the AFP1 defensin peptide. Interestingly, the loss of methyl group of 

GlcCer in C. neoformans induces an increase of membrane permeability and a defect in cell membrane 

organization in neutral/alkaline pH [29], suggesting that the methyl group of GlcCer is important to the 

interaction with other membrane components and to initiate the formation of lipid raft by tightening 

sphingolipids and ergosterol together [31]. 
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3 Inositolphosphoceramide 

Inositolphosphoceramides (IPC) represent the second class of fungal sphingolipids where the ceramide 

moiety is composed of a very long chain hydroxylated fatty acid (C24-C26) condensated to a C18-

phytosphingosine (Fig. 1). Their abundance in the model yeast S. cerevisiae, representing 30% of 

phospholipid from the plasma membrane [32], eased investigation of their structure, metabolism and 

function. These sphingolipids are key signaling molecules in a number of yeast cellular processes 

including trafficking/exocytosis, endocytosis, actin cytoskeleton dynamics, membrane microdomains, 

calcium signaling, cell cycle control, stress resistance and nutrient uptake (see reviews [33–35]). 

 

The biosynthesis of IPC begins in the endoplasmic reticulum by the synthesis of the ceramide moiety: 

1) the condensation of palmitoyl-CoA with serine by the serine-palmitoyl transferase, 2) the 3-

ketodihydrosphingosine reduction to form the dihydrosphingosine (DHS) and 3) the attachment of a 

C24-26 fatty acid through an amide linkage by a ceramide synthase (Fig. 2). Although these biosynthetic 

steps are common to GlcCer and IPC pathways, these two components are produced by two distinct 

ceramide synthases in yeast and filamentous fungi [23,26,36,37], suggesting that these two enzymes 

possess different substrate specificities. During IPC synthesis, the ceramide is hydroxylated at C-4 by 

Sur2 (also called BasA in filamentous fungi) to form phytoceramide [38]. Alternatively, DHS can be 

hydroxylated to form the phytosphingosine (PHS) prior the ceramide condensation [38]. In yeast, the 

C26 fatty acid moiety contain 0 to 4 hydroxyl groups at C2, C3, C4 and C5 respectively [39,40]. In A. 

fumigatus, the ceramide of IPC is mainly composed of C24:0 with one hydroxyl group at C2 [41](Fig. 1). 

Once made, ceramide must be transported from ER to the Golgi apparatus where the polar head 

groups are added [42]. Inositol-phosphate is transferred from phosphatidylinositol onto the C1 

hydroxyl of the ceramide to form IPC. This transfer is catalyzed by the IPC synthase encoded by AUR1 

gene [43]. In S. cerevisiae, the deletion of AUR1 induced cell death. Similarly, AUR1 has been identified 

as an essential gene in A. fumigatus [44,45]. The inactivation of the IPC synthase by gene deletion or 

by aureobasidin A inhibition leads to ceramide accumulation and defect in cytokinesis in yeast [43,46]. 

Although all known genes involved in IPC biosynthetic pathway are identified in A. fumigatus genome 

[47], none of them has been studied. The function of IPC has been investigated in A. nidulans, the 

filamentous model fungus. The replacement of LAGA, endocing for the serine-palmitoyl transferase, 

was constructed but could be only propagated as abnormal heterokaryon hyphae with severe growth 

defect, suggesting that LAGA is an essential gene [26]. The use of inducible promoter (alcA) allowed to 

show that LAGA is required for the apical growth and morphology [26]. In addition, the deletion of 

BASA coding for the sphingolipid C4 hydroxylase leads to a reduced growth with an hyperbranching of 

hyphae, an aberrant cell wall thickening and a strong defect in conidiation [26,48]. The apical growth 

defect in these mutants is correlated with the absence of filipin staining of sterol rich lipids domains at 

the apex. 

 

Taking together all investigations on ceramide synthase in A. nidulans, data showed that filamentous 

fungi possess distinct pools of sphingolipids, GlcCer and IPC, which make independent contributions to 

polarized hyphal growth, probably through the formation of specialized lipid microdomains that 

regulate the organization of cytoskeleton [6,26,48]. Interestingly, the misorganisation of the sterol-

sphingolipid domain by high concentration of filipin leads to the mislocalization of proteins of the 

polarisome complex [49,50]. These data suggest those sterol-sphingolipid domains are essential for 

the polarisome establishment at the apex. A question that remains to be answered is, how the sterol-

sphingolipid rich domains are organized and positioned at the polarized growth sites?  

 

4 Head group and membrane anchored molecules through an IPC 

IPC also functions as a lipid anchor for molecules such as glycans to form 

glycosylinositolphosphoceramides (GIPC) and proteins described as glycosylphosphatidylinositol-

anchored proteins (GPI-APs). In S. cerevisiae, two GIPC head groups have been described, mannose 

residue and inositol-phosphomannose linked to the inositol ring to form MIPC and M(IP)2C respectively 
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[33]. In many other yeasts and filamentous fungi, head groups are more complex. In A. fumigatus, 

M(IP)2C has never been described, but the glycan moiety is extended up to four monosaccharides. Two 

GIPC types can be discriminated: a zwitterionic GIPC composed of a trisaccharide (Man-Man-GlcN) 

linked to IPC and acidic GIPCs where the glycans are linked to IPC through a mannose residue 

[41,51,52] (Table I). The glycan moiety contains 2-3 mannose, 0-2 galactofuranose with or without a 

phosphocholine group (Table I). The MITA gene, homolog of the yeast SUR1 and coding for a putative 

α-mannosyl-transferase, is essential for the addition of the first mannose residue to the inositol ring in 

A. fumigatus [53]. Its deletion leads to the absence of GIPC except for the zwitterionic type and an 

increase of IPC. The mutant grows normally without any defect in the cell wall and membrane 

organization, and it is as virulent as the parental strain in mouse model of invasive aspergillosis [53]. A 

α-N-acetylglucosaminyl-transferase (Gnt-A), essential to the formation of zwitterionic GIPC, has been 

identified in A. fumigatus [54]. The mutant deficient in this transferase activity does not produce 

anymore zwitterionic GIPC but does not show any particular phenotype. Its virulence has not been 

tested [54]. 

 

GPI-anchored proteins (GPI-APs) are produced in all eukaryotic cells and are attached to the outer 

layer of the plasma membrane. In A. fumigatus, around 90 GPI-APs have been identified by genome 

sequence analysis [55] and a proteomic approach has shown that most of the major GPI-APs are 

involved in cell wall organization [56]. In A. fumigatus, the glycan moiety of the GPI anchor is 

composed of five mannose residues linked to a GlcN-IPC (Table I) [57], where the protein is covalently 

linked to the third mannose residue through a phosphoethanolamine bridge. The main difference with 

yeast GPI structures is the presence of a fifth mannose residue linked through an α-1,3-bond, which is 

added by a Golgi α-mannosyl-transferase [57–59]. GPI biosynthetic pathway is an essential event to 

the fungal growth. Similar to other eukaryotic cells, it starts at the ER level on a phosphatidylinositol 

(PI) moiety [60,61]. However, in contrast to mammalian cells, after the GPI biosynthesis and the 

transfer of the protein onto the GPI anchor, a specific lipid remodeling occurs in fungi and has been 

well-studied in yeast [60,62]. This remodeling involves four sequential steps: inositol 2-O-deacylation, 

PI-2-O-deacylation, PI-reacylation with a long acyl chain and then substitution of the PI by a IPC. This 

lipid remodeling constitutes a second pathway in fungi leading to the formation of IPC and is required 

for the membrane localisation of GPI-anchored proteins, but also of other membrane proteins such as 

transporters [62]. In A. fumigatus, the deletion of PERA, coding for a phospholipase required for the 

second step of GPI lipid remodeling, leads to striking defects in growth and cell wall integrity [63]. A 

perA null mutant has decreased conidia production, increased susceptibility to triazole antifungal 

drugs, and is avirulent in a murine model of invasive pulmonary aspergillosis. These data suggest that 

GPI lipid remodeling in A. fumigatus may represent a new fungal specific antifungal drug target. 

 

In addition to GIPC and GPI-APs, A. fumigatus produced a polysaccharide, the galactomannan (GM), 

which can be linked to a IPC. GM has been characterized for a longtime [64] and used as a circulating 

biomarker for the detection of invasive aspergillosis [65]. This polymer is composed of a main chain of 

α-mannoside and short side-chains of galactofuranose residues. The GM remains an unique polymer in 

fungal kingdom since it occurs in three forms: free and released in the culture medium [64], covalently 

linked to cell wall β-1,3-glucans [66] and membrane bound through a GPI anchor, also called 

lipogalactomannan (LGM) [67]. The LGM contains the same IPC moiety as GIPC on which the mannan 

chain is linked to the glucosamine residue (Table I). In the GPI anchor, the glucosamine residue is 

linked to the 4-O position of the inositol ring whereas it is linked in 2-O position in the zwitterionic 

GPIC. This structural difference explains the sensitivity of LGM to PI-PLC digestion and shown that the 

Gnt-A transferase is not involved in the GM biosynthesis [54,67]. Despite the presence of GM in 

membrane and cell wall of both morphotypes of A. fumigatus, conidia and mycelium, its biosynthetic 

pathway remains poorly understood. Two pathways could be possibly involved: GPI anchor 

biosynthesis or glycosylation of IPC like in GIPC. Particularly, enzymes involved in mannan chain 

polymerization and transfer from plasma membrane onto cell wall β-glucans are not yet identified.  
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5 Role of SPLs in host-pathogen interaction and pathogenesis 

SPLs are involved in key cellular process in fungal pathogens and their biosynthesis pathways (GlcCer, 

IPC, GPI lipid remodeling) have been considered as promising research direction to uncover new 

antifungal targets [68]. Unfortunately, the lack of specificity and/or efficiency of already known 

molecules acting on these pathways in vitro does not allow their use against fungal infections in clinics. 

As example, serine-palmitoyl transferase or glucosylceramide synthase activities from human and 

fungi are blocked by the same inhibitors. The fungal specific enzyme activities, IPC synthase, are 

sensitive in vitro to aureobasidin A [69]. However, the presence of efflux transporter responsible for 

multidrug resistance in Aspergillus species, including A. fumigatus, leads to inefficient use of this drug 

as an antifungal agent [69]. These observations suggest that chemical investigations are required to 

design new drugs targeting specific fungal ceramide such as IPC or GPI lipid remodeling. However, the 

inhibition of ceramide synthesis has recently opened an alternative in the treatment of inflammation 

associated with fungal infections. In pulmonary chronic inflammatory diseases such as asthma or cystic 

fibrosis, Aspergillus infection enhances the sphingolipid de novo synthesis that leads to ceramide 

accumulation and mediates the inflammatory response in lung tissue. Interestingly, the serine 

palmitoyltransferase inhibition by myriocin has a dual anti-inflammatory and antifungal effect [70].  

 

Fungal SPLs are also molecules involved in resistance to host defence molecules and to anti-fungal 

drugs or in the modulation of the host immune response [71]. At the plasma membrane level, SPLs are 

involved in fungal pathogenesis by regulating plasma membrane fluidity and permeability [66,67,68]. 

Lipid microdomains are also essential to the trafficking and to the localization of transporter such as 

efflux pumps that are required for multi-drug resistance [75] or in the modulation of drug-target 

interaction [70,71]. 

Plant and mammalian fungal pathogens, deficient in GlcCer, are less virulent [24,27,29,78,79]. The role 

of GlcCer, required for the full virulence of human fungal pathogen C. neoformans has been more 

investigated [25]. GlcCer deficient yeast does not present growth defect in acidic pH but do not growth 

at a neutral/alkaline pH which is essential for the fungal growth in host extracellular environment [25]. 

In contrast, the deletion of ISC1, coding for an inositol phosphosphingolipid-phospholipase C, enhances 

the sensitivity of yeast to oxidative stresses and to acidic environments. In a mouse model of 

cryoptococcosis in immunocompetent mice, ΔISC1 mutant are less virulent and more sensitive to 

phagolysosome stress inside the macrophage, showing the importance of IPC structures in fungal 

pathobiology [80]. These data show that both fungal types of SPL, GlcCer and IPC, are required for the 

resistance to host environment. However, studies of the roles of these fungal SPL in virulence and 

resistance to host defences are largely missing. In Aspergillus species, both SPL types are essential to 

the early stage of development of fungal infection inside the lung ie conidial germination and hyphal 

growth [14,48]. However, the role of GlcCer and IPC biosynthetic pathways, SPL catabolism and their 

regulation to host environment during aspergilosis remain to be investigated. 

 

Purified GIPC and LGM from A. fumigatus mycelium were tested for their capacity to induce immune 

response after intranasal inoculation to mice or in human T cell culture [81]. One of the major GIPC 

and LGM greatly promote the activation of Th17, and to some degree Th2 responses, in mice and 

humans. Interestingly, the comparison of LGM and free GM response suggest that IPC lipid anchor 

enhances a stronger Th17-inducing activity of the glycan moiety [81]. Fungal GlcCer may also interact 

with the human immune system. In a mouse model of allergy, intranasal administration of A. 

fumigatus extract results in the development of severe airway hyperreactivity [82]. Authors have 

demonstrated that fungal induced asthma is dependent on the activation of natural killer T cells (NKT) 

by a fungal component through a CD1d dependent glycolipid receptor. The key fungal antigen 

responsible for NKT cells activation is the GlcCer, called asperamide B, where its ceramide is composed 

of 9-methyl-4,8-dienine as LBC in combination with N-2’-hydroxy-3’-hexadecenoate [82,83] previously 

described as the major form of GlcCer in A. fumigatus [11]. Nevertheless, biological functions of fungal 

sphingolipids during infection process remains poorly understood. Investigations of regulations of SPL 

during infections, stress conditions and their effect on host immune response are needed. 
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6 Conclusion and perspectives 

Research on fungal sphingolipids have been developed in yeast and filamentous fungi model species, 

allowing the understanding of conserved biosynthetic pathways and their essential involvement in 

fungal polarized growth. However, the function of SPLs produced by fungal human pathogens during 

infection processes and their biosynthetic pathway as antifungal target remain poorly investigated. 

Interestingly, in Histoplasma capsulatum, ergosterol depletion significantly reduced the infectivity of 

alveolar macrophages of the yeast that persisted even after substituting ergosterol with cholesterol 

indicating the importance of fungal lipid structures in proper membrane organisation and infectivity 

[84]. A. fumigatus produced number of SPLs, GalCer, GlcCer, acidic and zwitterionic GIPC, GPI-anchors. 

Despite evidences for the involvement of fungal SPL in virulence and response against host defenses, 

the expression and regulation of these SPL species require for the adaptation of the fungus to host 

environment and infectivity remain poorly explored in case of A. fumigatus. The first step of infection 

development in lung tissue is the conidial germination that requires the synthesis of membrane 

components and induces strong modifications in cellular membrane organization. The switch from the 

quiescent life of resting conidia to active polarized growth requires highly regulated cellular machinery 

where sphingolipids and lipid microdomains take an essential place. Fungal SPL are associated to 

various lipid microdomains [84,85]. The dissection of membrane organization and dynamics of lipids 

during the conidial germination and polarized growth remains highly challenging. Lipidomic approach 

using recent advances in mass spectrometry and visualization of lipids, by high resolution microscopy, 

in native environment with appropriate probes that recognize naturally occurring lipids in live cell are 

essential technolgies to follow lipid remodeling during polarized growth and fungal infection. Such 

tools as fluorescently tagged lipid analogs, antibodies or lipid binding protein domains have been 

recently developed in yeast [86], but remain poorly used in filamentous fungi. Our knowledge on SPL 

and lipid microdomains in pathogenic fungi, is still in its infancy and requires further investigations to 

understand theirs functions in the adaptation to host environment during fungal infection 

development. 
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Legends to figures 

 

Figure 1: Structures of sphingolipids on A. fumigatus. A structure of monohexosylceramides, N-2’-

hydroxyoctadec-3-enoyl-1-β-D-glucopyranosyl- (1); N-2’-hydroxyoctadec-3-enoyl-1-β-D-

galactopyranosyl- (2) and N-2’-hydroxyoctadecanoyl-1-β-D-glucopyranosyl- (3) 9-methyl-trans-4,trans-

8-sphingadienines. B: Structure of the inositolphosphoceramide identified in GIPC and GPI anchor.  

 

Figure 2: Schematic representation of biosynthetic pathways of GlcCer and GIPC in fungi. (Enzymes are 

in italic) 
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Table I : Structures of hydrophilic head groups linked to IPC described in Aspergillus 
fumigatus 
 

Structures of GIPC References 

α-Man-(1,3)-α-Man-(1,6)-α-GlcN-(1,2)-Ins-P-Cer [41,51] 
α-Man-(1,3)-α-Man-(1,2)-Ins-P-Cer [41,51,52] 
α-Man-(1,2)-α-Man-(1,3)-α-Man-(1,2)-Ins-P-Cer [51] 
α-Man-(1,3)-[β-Galf-(1,6)]-α-Man-(1,2)-Ins-P-Cer [51] 
α-Man-(1,2)-α-Man-(1,3)-[β-Galf-(1,6)]-α-Man-(1,2)-Ins-P-Cer [51] 
β-Galf-(1,2)-α-Man-(1,3)-α-Man-(1,2)-Ins-P-Cer [41] 
β-Galf-(1,2)-α-Man-(1,3)-[α-Man-(1,6)]-α-Man-(1,2)-Ins-P-Cer [41] 
β-Galf-(1,2)-α-Man-(1,3)-[β-Galf-(1,6)]-α-Man-(1,2)-Ins-P-Cer [41] 
Choline-P-6-β-Galf-(1,2)-α-Man-(1,3)-α-Man-(1,2)-Ins-P-Cer [41] 

Stucture of GPI-anchored GM  

α-Man-(1,2)-α-Man-(1,2)-α-Man-(1,2)-α-Man-(1,6)-α-GlcN-(1,4)-Ins-P-Cer 
GM polysaccharide is linked to the fourth mannose residue though a glycosidic linkage 

[67] 

Stuctures of GPI-anchor from membrane bound proteins  

α-Man-(1,3)-α-Man-(1,2)-α-Man-(1,2)-α-Man-(1,2)-α-Man-(1,6)-α-GlcN-(1,4)-Ins-P-Cer 
α-Man-(1,2)-α-Man-(1,2)-α-Man-(1,2)-α-Man-(1,6)-α-GlcN-(1,4)-Ins-P-Cer 
Proteins are linked to the third mannose of the GPI anchor through a phosphoethanolamine 
group. 

[57] 
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- A. fumigatus produces 3 types of sphingolipids : hexosylceramide, inositolphosphoceramide 

and glycosylphosphatidylinositol anchor. 

- Sphingolipids from A. fumigatus follow three different biosynthetic pathways 

- Fungal sphingolipids are required for virulence 


