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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- A EIE LT

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

_— M FKS1) and find SNPs (single nucleotide polymorphisms) that led to amino acid changes that impact on antifungal resistances.
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. 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 Gabalddn group) in
| |
e Barcelona. Whole genome sequencing was performed and the genes involved in resistance (ERG11 and FKS1) were characterized in respective reference strains.
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Whole Genome ERGI11 gene FKS1 gene FRG11 protein FKS1 protein A A M T W o ! et A e e A

CAEBCCGGGEATETEECCGTCCTTERAC GT(.-C'I'TGRGGT_T(H'AGA.GTAGGTGGCEAAHAKZC GTCCCCAATTGCAC GTAEGCAAA(.TG(‘TC ACCGATACAGC GGTGTCTGCCACCA(_CGAAGGGCAAGTAC GGCGACAGC A(_CCC(_'TTGGAEATC
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length length length length length
Candida inconpicua ) ) . .
(CBS180) 11Mb 1455bp 2616bp 812 aminoacids 1871 aminoacids
Candida rugosa ) ) ) )
13Mb 1377bp 5673bp 458 aminoacids 1890 aminoacids
{ C 55613) CGGGGA-ACAAGGGGGT-TCATCWGCGGAAMCAGGTGCAACGEZT(ECIAT‘TCIGA-GBT_T_TCCTTGM(EGTTQT‘TGEEAAGGGCATCWGCAAGTCWCE[ACAGCAAGTCFTTAAAGTI‘GCCGCCWCCGC@BCACTH
Candida ciferrii ) ) . .
20Mb 1617bp 27 33bp 538 aminoacids 1910 aminoacids , , L
(CBS4856) Figure 1. SANGER sequencing was performed for ERG11 and FKS1 of our clinical isolate ot Lo
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283.878 16287  6L5% 246 414 PIS56902 lanosterol 14-aipha demethylase [(Candida] auris] 169 inear AL 2 79.9% X | N1 ﬁ & ’
283.878 1.62e-87 61.5% 246 414 o' PIS55918 lanosterol 14-alpha demethylase [[Candida] auris) 169 inear AA 2 79.9% 2.8 L« 6. AB 16 co... L R e e e |0 Al | [ f H
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Figure 2 Sequences was blasted against the NCBI database for confirmation. Figure 3. Alignment with reference for confirmation
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Consensus (DI Y EDEOK B P ENNT K ETERMIHMP EHIERF R KVMN P BV P GTTY AP KGHHVIEYS ¢ GY AMESERY f PNADK FDPHRWI G aEras SRRYBPQETFTSSFAPEKGIDR YIS YIMEWMAM FAAKISES Y F FIENMESWRD PR NES
Ce 1. Candida albicans (AjZ76778) DMTYEDEOK | P S MNNTIKETERMERPEE S RFRKETNPER | PETNY | MPKGH Y MBS | GYAHTSERYFONF £D FBIPTRWI Ce 1. 3ADB43260 SRRY | ASQTFTANY | KEEKIG LBIMWMSYIEWF LMF LAK L VEESY F FETEP L REBIPBRNES
> _ERG11CDS - ; GSC1 CDS
PN L x\ni’l‘lluliwl " cytochrome P450 nosterol 14- pha-c nethylase Proteir v het. e & ' N evnt . - - Tt ~1init Praotein
w
v De 2. Protein 9.16 CDIN FKS1 H1 SRRYBPQETFTSSFAPIKGIDR YIS YINEWVAMFAAKNSES Y F FINMESRD PR NIES
AR f D¢ 2. ERG11_DIURU DM S Y EDIEOK N PIEINN T KE THE RSP EH < 0 F R KVEIN PN P GTTYMM P KGHHVARS PGYARMESERY F PNADK FD PERWI Ce 3. Protein 9 FKS1 H1 SRRYMPQETFTSS FAPIEKGIIDR YIS YIREWMAM FAAKIISES Y F FINNES IR D P IR NiES
| RERARHRLS) R e 3. Protein 9.25 CDRU (DI Y EDEOKM PIEYNN T KETERMER P EHIEF R KVNIN P VY P GTTY VY PKGHAVIEYS P GYAMESERY F P NADK FD PHRWI L+ 4, Protein 12.73 CDIN FKS1 H1 SRRYEPQETFTSS FAPEKGIDR YIS YINBWVMAVMFAAKIESESY F FS!ERDEPEER NS
D¢ 4, Protein 7974 DI Y EDECK M PIRNN T K T REIFN P IR F R KVNIN P IEVAV P GT T YV P KGHHVIES P G Y AMESER Y F PNADK FD PHRWI Ce 5. Protein 14ANR23920 FKS1 H1 SRRYBPQETFTSS FAPIBKGIFDR YIS YIREWMAMFAAKIESES Y F F NS R DIP IR NIES
| :_ Ce 5. Protein AB 10 JDIEE Y EDEOK M PIEVNN T K ETIEREIHE P EHIEE F R K VMNP EVV P GTTY VM P K GHHVAEYS P GY AMESER Y F P NADK FD PHRWI Ce 6. Protein 110.10 FKS1 H1 SRRYIPQEETFTSSFAPIEKGIDR YIES YIMEWMANM FAAKISHES Y F FIEINESWRD P IR NIES
1L A De 6. Protein AB 11 JDIEE Y EDEOK K PIEVNN T K ETERMHE P EHIEN F R KVEIN P VAV P GTT YV P KGHHVIEVS P GY AMESERY F P NADK FD PHRWI Ce 7. Protein 1175 FKS1 H1 SRRYBPQWETFTSS FAPIEKGIIDR YIS YIBEWMAMFAAKIISES Y F FINMESSWRD P IR N8 S
e C¢ 7. Protein AB 14 JDIEE Y EDEOK M PEVNN T K ETE RMEE P BRI F R KVEIN P BV P GTTYVM P KGHHVIEVS PGY AMESER Y F PNADK FD PHRWI Ce 8. Protein 1282 FK51 H1 SRRYBPQIETFTSSFAPIMKGIIDR YIS YIBEWMAM FAAKSISES Y F FUINNESWRD PR NS
D¢ 8. Protein AB 16 DI Y EDEOK M PIEVNN T K ETE RMHMP EHET F R KVEIN P BV P GTTY VA P KGHHVIEVS P GY AMESER Y F PNADK F D PHRWI Ce 9. Protein 1394 FKS1 H1 SRRYEPQETFTSS FAPIBKGIFDR YIS YIBEWMAM FAAKIESES Y F FIENMEESWR D PR NIES
L 9, Protein Caru 7 DI ¢ EDEOK « PRNNNTI KBTI REMHE P EHIEE F R KVEIN P BNV P GTTYVM P KGHHVIEVS PGY AMESER Y F PNADK FD PHRWI Ce 10. Protein 1408 FKS1 H1 SRRYBPQETFTSSFAPIEKGIDR YIS YIBEWWAMFAAKIISES Y F FINEES R D P IER NIES
C¢ 10. Protein Caru 24 DB Y EDEOK M PIENN T K E T REHE P EHIEN F R KVEIN PV P GTTY VW P KGHHVAEVS P GY AMESER Y F PNADK FD PHRWI Ce 11. Protein 1618 FKS1 H1 SRRYMPQETFTSS FAPIEKGIIDR YIS YINEWMAM FAAKIISES Y F FININES IR D P IR NiE s
Cé 11. Protein Caru 25 JDIBE Y EDEOK M PIEVNN T K ETERMEMP EHEN FRKVEIN P BV P GTTY VW P KGHHVIEVS PGY AMESERY F PNADK FD PHRWI Cé 12. Protein 4001 FKS1 H1 SRRYMPQETFTSS FAPIBKGIFDR YIS YINEBWMAM FAAKIISES Y F FIENEESWR D PR NI S
Ce 12. Protein Caru 26 DB Y BDECK M PIEVNN T KT REIFE P EHINN F R KVRIN P BV P GTTY VW P KGHHVIEVS PG Y AMESER Y F PNADK FD PHRWI Ce 13. Protein 4872 FKS1 H1 SRRYBPQETFTSS FAPIBKGIFDR YIlS YIREWMAM FAAKIESES Y F FUINMESHER D PR NIl S
Ce 13, Protein Caru 38 JDIEE Y EDECK M PIEVNN T K ETIERMEE P EHIEE F R K VMNP BV P GTTY VW P KGHHVIEYS P GY AMESERY F P NADK FD PHRWI Ce 14, Protein 8760 FKS1 H1 SRRYIEPQIETFTSS FAPIBKGIIDR YIES YIEEWMAMFAAKIISES Y F FIENNESWRD P IR NiE S
De 14, Protein CBS 613 JDIEE Y EDEOK M PN T K ETHEREMHE P BHIEN F R K VMNP VAP GTTY M P K GHHVARYS P GY AMESERY F PNADK FD PHRWI Ce 15. Protein 9295 FKS1 H1 SRRYEPQWETFTSS FAPIKGIDR YIS YIEEWMAMFAAKIISES Y F FINIESSWRD PR NS S oot L ol
b L 15. Protein CR 1 JDIEE Y EDEOK M PEVNN T KETIERMER P RN F R KVEIN P ENAV P GTTY VM P KGHHVIEVS P GY AMESERY F PNADK FD PHRWI Ce 16. Protein 11222 FKS1 H1 SRRYBPQINTFTSSFAPIMKGIIDR YIS YIBEWMAM FAAKHISES Y F FINNESWRD PlﬁR NIE S KA Y | {1
i) RLREBIN |\ C¢ 16. Protein LL1158 (DIEE Y EDECK N PEYNN T KETERMEN P BHIEEF R KVEN P B P GT 7YYV P KGHEVIINS P GYAMESERY F PNADK FD PHRWI Ce 17. Protein 12573 FKS1 H1 SRRYEPQETFTSS FAPIBKGIFDR YIES YINEWMAMFAAKIISES Y F FENNESIRD P IR NIES (L7 Rl T T
Ce 17, Protein NRZ BK 495 JDIEE Y EDEOK B PIEVNN T K BT RMER P BHIEE F R KVEIN P BV P GTTY VW P K GHHVIEVS P GY AMESER Y F PNADK FD PHRWI Ce 18. Protein 14098 FK51 H1 SRRYMBPQETFTSSFAPIEKGIIDR YIS YIREWWAMFAAKIESES Y F FINEES R D P IR NIES
Ce 18, Protein PEU 866 DI Y EDEOK M PIEVNN T KBTI REHE P EHI F R KN P VAV P G T TY MW P KGHHWIEY'S P GY AMESER Y F PNADK FD PHRWI Ce 19. Protein 14126 FKS1 H1 SRRYWPQIETFTSSFAPIKGHDR YIS YINEWMAM FAAKIISES Y F FININESWRDP R NIES
i ‘ i L+ 19, Protein PEU 868 JDIBE Y EDEOK M PEVNN T KETERBMHIMP EHIEN F R KVEN P EVV P GTTYVM P KGHHVIEVS PGY AMESERY F P NADK FD PHRWI Ce 20. Protein 14233 FKS1 H1 SRRYIEPQEETFTSSFAPIEKGIDR YIS YIBEWMAMFAAKIISES Y F FIEIESER D PIER NIE S 1 T |
A L [ Ce 20. Protein Schm 134 JDIEE Y EDEOK M PEVNN T KETIERMHRP EHIET F R KVEIN PV P GTTYVAV P KGHHVIES P GY AMESER Y F P NADK FD PHRWI Ce 21. Protein 14372 FKS1 H1 SRRYWPQETFTSSFAPBKGIDR YIES YIEEWMAMFAAKIISES Y F FINAESIER D PIER NIES TR A O T LT T YA
”.‘-Ab PV TR A TR o Cé 21_ Protein TA 1 \IE_Y.DIOK.PNNTWK.T.R.H.P.H-EFRK_NPPGT—erPKGHHMSPGYA-S.RYFPNADK FDPHRWI Ce 22, Protein 14499 FKS1 H1 5 R R Y-P Q-T BT S S F A P.K GI]IDR Y-S Y-WMAH F AA KS-S NG F F-[-SRD pR N-S AR VLT AN lu "1 a1 | AN
o , Le 22, Protein TA 2 JDIEE Y EDEOK M PIEVNN T K ETERMAR P BHIEN F R K VRN P VAP GTTYVV P KGHHVIEVS P GY AMESER Y F PNADK FD PHRWI Ce 23. Protein 14611 FKS1 H1 SRRYEPQETFTSS FAPIEKGIDR YIlS YISEWMAM FAAKIESIES Y F F IS S UIR D P AER NIl S X
. | Le 23, Protein TA 3 JDIEE Y EDEOK M PENNN T KB TE REIFN P EHEN F R KVEIN P VAV P GTTY VA P KGHHVIEVS P GY AMESERY F P NADK FD PHRWI Ce 24, Protein 14622 FKS1 H1 SRRYPQETFTSS FAPIEKGIDR YIlS YINEWMAM FAAKIESES Y F F IS SR D P IR NIl S T T
LA YRR R C# 24. Protein UCSC 8-78 U Y EDAEOK B PIRN AT KT RN P REHIIE F R KAIN P BNV P G T T YNV P K GHHNABYS P G Y AMBSER Y F P NADK F D PHRWI Ce 25. Protein 15372 FKS1 H1 SRRYEPQETFTSSFAPEKGIDR YIS YIBEWMAMFAAKIESESY F FISNESWRD P IER NIES L
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. .
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Table 2. ERG11 mutation hotspots, in red SNPs. Table 3. FKS1 mutation hotspots, in red SNPs. o
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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 u

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

|
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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

‘ A b 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  [JHlisE

l h. | 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- T

- | | 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- | B
il “"'d 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 l,; 1..‘.‘,...«......
I Wil 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 l,“

Teve— 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- |
l:\": - ii':

IREIRENIYY  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-

TR ?’j’ il 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 |l b bt b

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