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Aspergillus lentulus is an emerging fungal pathogen, belonging to Aspergillus section Fumigati and can only be differentiated from Aspergillus fumigatus by molecular methods. It is intrinsically resistant to amphotericin B and presents reduced

susceptibility to triazoles and caspofungin. Due to the lack of correct species-level identification, the real incidence of this opportunistic fungal pathogen is unknown, but the mortality rates are high, despite antifungal treatment.

Important mechanisms of resistance to azoles in A. fumigatus include mutations in cyp51A, the gene encoding for the 14-α-sterol demethylase and target of the azoles; overexpression of cyp51A; increased expression of the efflux pump encoding

gene abcC; or mutations in the 3-hydroxy-3-methyl-glutaryl-coenzyme A (HMG-CoA) reductase-encoding gene, hmg11.

VRC PSC ITC ISA cyp51A genotype

A. fumigatus Af293 0.25 0.25 0.5 0.5 A. fumigatus Af293

FH7 (susceptible) 0.5 0.5 1 1 A. lentulus FH7

FH7-cyp51AFH7 0.5 0.5 1 1 A. lentulus FH7

FH7-cyp51AAf293 0.5 0.5 1 1 A. fumigatus Af293

DI19-116 8 4 16 8 A. lentulus DI19-116

DI19-116-cyp51AFH7 8 4 8 4 A. lentulus FH7

DI19-116-cyp51AAf293 1 4 4 4 A. fumigatus Af293

DI19-126 2 1 2 2 A. lentulus DI19-126

DI19-126-cyp51AFH7 2 1 2 2 A. lentulus FH7

DI19-126-cyp51AAf293 0.5 0.5 1 0.5 A. fumigatus Af293

DI19-127 2 1 2 2 A. lentulus DI19-127

DI19-127-FH7 2 0.5 2 2 A. lentulus FH7

DI19-127-Af 0.5 0.5 2 1 A. fumigatus Af293

Restoration with cyp51A from a susceptible isolate does not decrease the resistance to azoles, while 
A. fumigatus cyp51A partially does

The main objective of this study is to investigate the molecular mechanisms driving triazole resistance in a collection of 26 A. lentulus clinical isolates from the USA. In order to achieve that, we pursued the following specific objectives:

• Sequence the complete ORF of cyp51A, cyp51B and hmg1.

• Expression analyses of cyp51A, cyp51B and the gene encoding for the ABC transporter cdr4, homolog to the efflux pump AbcC in A. fumigatus.

• Replace the complete ORF from selected azole-resistant A. lentulus strains with the same gene from the most susceptible strain from our collection, as well as with the wild-type A. fumigatus Af293 cyp51A.

The most susceptible A. lentulus strain from our 
collection contains a SNP in cyp51A (V383M) only found 

in the A. fumigatus homolog

Schematic overview of cyp51A gene replacement using CRISPR-Cas9 
mediated genome editing, coupled with micro-homology regions in 

Aspergillus lentulus

Azole MICs for 26 A. lentulus clinical isolates and mRNA expression analyses of cyp51A, cyp51B and cdr4, relative to an azole-susceptible isolate. MICs were determined in RPMI after 48h at 35°C, according to CLSI M38 document2. MIC was

considered the minimum concentration of azole that inhibited 100% of growth.

For assessment of expression of the azole-target encoding genes, as well as the gene encoding for the ABC transporter cdr4, real time-quantitative PCR was performed. Total RNA was extracted after 18 hours of growth in Glucose Minimal

Medium supplemented with 0.5% Yeast Extract (GMM-YE) at 37°C/250rpm. cDNA was synthesized using SuperScript II (NEB). Quantitative reverse transcription PCR was performed using SYBR® Green Master Mix (Bio‐Rad, Hercules,

California) in a CFX Connect Real‐Time System (Bio‐Rad). Transcript levels were calculated by comparative ΔCt and normalized to benA. Then, changes in gene expression among isolates were calculated using the 2ΔΔCt method.
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• No significant overexpression of the cyp51 genes or an ABC transporter was observed.
• Cyp51A may be partially responsible for the resistance to voriconazole in this species, but not for posaconazole and itraconazole resistance,

as demonstrated in our allele replacement experiments.
• The identification of an hmg1 sterol-sensing domain SNP in a highly resistant isolate of a non-fumigatus Aspergillus species may point to a

common mechanism of resistance to triazoles.
• A. lentulus resistance to azoles is, at least, partially underpinned by non-cyp51A mediated mechanisms.
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The A. lentulus pan-azole resistant strain DI19-116 
contains a SNP in the sterol sensing domain of the 
gene encoding for the HMG-CoA reductase (hmg1).

Cyp51A from three pan-azole resistant A. lentulus isolates was replaced by the same gene from an azole-susceptible A. lentulus strain (FH7) and

from A. fumigatus Af293. Guide RNAs (gRNAs) were designed to target both upstream and downstream of the cyp51A ORF and they were built by

mixing equal amounts of transactivating CRISPR RNA (tracrRNA) and CRISPR RNA (crRNA) in duplexing buffer and boiling the mixture at 95°C for 5

minutes. After cooling down, gRNAs were incubated with Cas9 and Cas9 buffer for 15 minutes at RT in order to assemble the ribonucleoprotein

complexes (RNPs). In the meantime, the construction containing the cyp51A and a hygromycin resistance cassette (previously built by cloning the

complete ORF of cyp51A into pUCGH plasmid) was amplified by PCR, containing 40 bp of microhomology to the target sequences. Finally, 107

protoplasts were incubated with the RNP complexes, PCR constructs and 60% PEG-CaCl2 for 50 minutes on ice and plated on SMM overnight,

before selection with 150 μg/ml of hygromycin.

Azole resistance in A. lentulus is not driven by overexpression of cyp51A, cyp51B or the ABC transporter cdr4

The complete cyp51A ORF plus 700 bp of promoter region of each of the 26 A. lentulus clinical isolates were

amplified by PCR, followed by Sanger sequencing. Sequences were assembled, analyzed and compared

between each isolate and to the cyp51A from the type strain IFM 54703T3, using SnapGene 4.1.9 for

Windows.

The A. lentulus genome contains two 3-hydroxy-3-methyl-glutaryl-coenzyme A (HMG-CoA) reductase-

encoding genes. Here, the complete hmg1 ORF of each of the 26 A. lentulus clinical isolates was amplified by

PCR, followed by Sanger sequencing. Sequences were assembled, analyzed and compared between each

isolate and to the hmg1 from the type strain IFM 54703T2, using SnapGene 4.1.9 for Windows.

MICs shown in green are lower or equal to the epidemiologic cutoff values as published by the Clinical Laboratory and Standards Institute.
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