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Background 

The resistance genes involved in antifungal resistance in Candida spp. were initialy studied and characterized in the most common pathogenic species Candida albicans 

or Candida glabrata. Antifungal resistance in rare species is less understood.  Candida inconspicua, Candida rugosa, and Candida ciferrii are an emerging challenge for 

modern medicine because infections caused by these pathogens led to high mortality rates, partially due to  their high antifungal resistance levels. The underlying mo-

lecular mechanisms behind are not fully understood  and were therefore the objective of this study.  We aim to characterize their primary resistance genes (ERG11 and 

FKS1) and find SNPs (single nucleotide polymorphisms) that led to amino acid changes that impact on antifungal resistances.  

Results  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. ERG11  mutation hotspots, in red SNPs. Table 3. FKS1 mutation hotspots, in red SNPs. 

Figure 4. ERG11  alignment of Candida rugosa isolates sequences for determination of SNPs. Figure 5. FKS1  alignment of Candida inconspicua isolates sequences for determination of SNPs. 

Conclusion  

Erg11 and FKS1 are the genes that code for the target of the most commonly used antifungal families azoles and echinocandins. Azoles binds to lanosterol 14-alpha-demethylase an important enzyme in 

the ergosterol pathway wich is a key molecule in the cell menbrane. On the other hand, FKS1 codes for β-1,3-glucan synthase wich produces the main component β-D-glucan of the fungal cell wall. The 

main resistance mechanism in Candida albicans are mutation in these genes and drug transporters. Mutations in these genes, particularly hotspot (hs) regions of these genes lead to a lower antifungal 

susceptibility. Other mechanishm are described in azole resistance such as up regulation of the ERG11 gene and up regulation of membran transporters also known as efflux pumps. ERG11 mutation at 

position D153E (Erg11 HS1) were perviously associated with low azole susceptibility (Marichal et al. 1999). The mutation H283N has not been described yet, but other aminoacid substitution (AA) in the 

same position (e.g., H283D, H283R– ERG11 HS2) were previously associated with fluconazole resistance (Goldman et al. 2004, Chau et al. 2004 ). In addition some of mutations found in Erg11 HS3 are lo-

cated at the same position as other already describes AA, but only D446N was associated with fluconazole resistance (Morio  et al. 2009).  Mutations at position P649 (HS1) in the FKS1 gene were previ-

ously linked with a moderate increase in echinocandin resistance.  Most described mutations are located in FKS1 HS1, but mutations in FKS1 HS2 occuring at positions W1358 and R1361 were linked with 

a  variable decrease of echinocandin susceptibility (Lackner et al. 2014). Nevertheless, the mutations occuring in FKS1 HS2  identified in this study have not yet been linked to echinocandin resitance The 

high intraspecific conservation of these AA show their key role for protein function.  As these organisms are resistance certain drug classes the selection pressure  on these genes is limited. The interspe-

cific variation of these protein could might be linked with intrinsic resistance that is a species specific feature. The role of these intrinsic resistances in adaptation to certain enviromental niches is descri-

bed in literature  (Bretagne et al. 2017). The SNPs found could explain the interspecific variation and the difference in susceptibility to azoles and echinocandins although the impact of these SNPs 

remains to be evaluated in a protein model and mutant strains.  

Method 

Reference strains of Candida inconspicua (CBS180), Candida rugosa (CBS613), and Candida ciferrii (CBS4856) were send to collaborators in the CRG (Center of genomic regulation, Toni Gabaldón group) in 

Barcelona. Whole genome sequencing was performed and the genes involved in resistance (ERG11 and FKS1) were characterized in respective reference strains. 

 

 

 

 

 

 

 

Table 1. Characteristics of reference strains.   

 

 

 

 

 

 

Figure 1. SANGER sequencing was performed for ERG11 and FKS1 of our clinical isolate 

using primers designed on the basis of our reference strains. 

Figure 2 Sequences was blasted against the NCBI database for confirmation. Figure 3. Alignment with reference for confirmation  


