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The genus Malassezia

* Basidiomycetous yeasts
18 species

* Lipid-dependent
 Main fungus of the skin

« Commensal lifestyle

Pathogenic lifestyle
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- Byrd AL, Belkaid Y, Segre JA.Nat Rev Microbiol. 2018 16:143-155.
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Organism Gene name Model Consequence of knockout (ie., function) Refs.
Bacteria
Escherichia coli (nonpathogenic) hmpA Exogenous NO, nitrate respiration NO hypersensitivity (decreased growth, [18,4243,79,149]
respiratory inhibition, increased SNOs)
E coli (uropathogenic) hmpA Exogenous NO, elevated flavoHb in NO hypersensitivity [126,150]
virulent human isolates
Salmonella typhimurium hmpA Exogenous NO, anaerobic respiration, NO hypersensitivity, decreased virulence, [19.8094,151]
macrophage phagocytosis, murine elevated SNOs, hyperfilamentation, amino
intraperitoneal infection acid auxotrophy
Pseudomonas aeruginosa hmp Exogenous NO NO hypersensitivity [66]
Staphylococcus aureus hmp Exogenous NO ( microaerophilic) NO hypersensitivity [152]
Bacillus subtilis hmp Exogenous NO, nitrate respiration NO hypersensitivity, poor long-term survival [67,153,154)
Yersinia pestis hmp Exogenous NO, intradermal infection, NO hypersensitivity, decreased virulence [155]
bubo formation
Vibrio fischeri hmp Exogenous NO, squid colonization NO hypersensitivity, decreased squid colonization, [85] NAD(P)+
decreased cellular aggregation
Vibrio cholerae hmp Exogenous NO, murine gut colonization NO hypersensitivity, decreased gut colonization, [156]
decreased pathogenicity FlaVIn
Sinorhizobium meliloti hmp Exogenous NO, symbiotic denitrification NO hypersensitivity, attenuated denitrification, [157,158]
(Rhizobium ) regulation of symbiosis and nodulation NAD P H
Erwinia chrysanthemi hmpX Exogenous NO, plant infection assays NO hypersensitivity, impaired pathogenidity in [159,160] ( )
model of plant infection
Alcaligenes eutrophus hmp Denitrification Prevents N2O release [161]
Streptomyces antibioticus None Exogenous NO Unknown [73]
Eukarya
Saccharomyces cerevisiae yhb1 Exogenous NO NO hypersensitivity, decreased mitochondrial [72,81,9597,162]
respiration, hyperfilamentous, elevated
mitochondnal NO synthesis
Candida abicans yhbl, yhb4, yhbS E NO, murine fi iafinfection  NO hypersensitivity, decreased virulence [163]
Cryptococcus neoformans Shb1 Exogenous NO, macrophage killing NO hypersensitivity, decreased virulence [129,131]
Aspergillus oryzrae JhbA fhbB Exogenous NO NO hypersensitivity, regulation of hyphal growth  [82,164,165]
Aspergillus nidulans JhbA fhbB Exogs NO, NOs assimilation NO hypersensitivity, impaired nitrate assimilation, [166-168]
enhanced NO-mediated sexual development
Botrytis dnerea Shet Exogenous NO NO hypersensitivity, maintenance of conidia [169]
Dictyostelium discoideum fha, fhb Exogenous NO NO hypersensitivity, cellular size regulation [170]
Giardia intestinalis hmpA Exogenous NO Unknown [171]
Giardia lamblia hmpA Exogenous NO Unknown [172]
The table is organized by each particular organism, along with experimental model and function (if known). Abbreviations: NO, nitric oxide; SNO, S-nitrosothiol.

- Forrester and Foster, 2012. Free Radical Biology & Medicine 52:1620-33



Flavohemoglobin-encoding genes were acquired by Malassezia ECEG15

through independent HGT events from Actinobacteria
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- Hoogewijs D, et al.,2012. PLoS ONE 7(2): e31856
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Transcriptomic profile of M. sympodialis in presence of NO ECFG15
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DAF-FM DA = fluorescent signal in the
presence of NO
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Flavohemoglobin is involved in macrophage survival and in vivo virulence in

Cryptococcus neoformans and Candida albicans, but not in Aspergillus fumigatus
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M. pachydermatis

day 6

The infection model:

mild tape-stripping

epicutaneous application of

* vehicle (olive oil)

* 2 ODgyy Malassezia spp. (in olive oil)

WT C57BL/6 mice Sparber et al 2019. Cell Host Microbes 25:389:403



Malassezia flavohemoglobins are not required for pathogenesis ECFG15
in ex vivo and in vivo models. ROME « ITALY 2020
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key:

Presence - Gene amplification @ @

Absence [ |Yhb101

I HGT candidates in multiple species }_\
Species-specific HGT candidates

Flavohemoglobin (Yhb1)
Catalase A/ Catalase HPII (Cta1)*
NAD(P)/FAD-dependent oxidoreductase™*
Isopenicillin N synthase / Flavonol synthase*
Deoxyribodipyrimidine photo-lyase (Phr1)
Arylamine N-acetyltransferase®
Phenazine biosynthesis protein (PhzF/Yhi9)
Class | SAM-dependent methyltransferase
Septicolysin-like
Prolyl aminopeptidase
Twin-arginine translocation pathway protein
Sorbitol dehydrogenase (Sor1)*
4,5-DOPA dioxygenase extradiol
NADPH-dependent quinone reductase (Zta1)
Gamma-glutamyltranspeptidase (Ecm38)*
Nuclear transport factor 2-like protein (Ntf2)
Bifunctional metallophosphatase/5'-nucleotidase
Formamidase
Amidohydrolase
NAD(P)-dependent alcohol dehydrogenase
Cytosine deaminase (Fcy1)
Aliphatic amidase '
Arsenate reductase (glutaredoxin)
SDR family NAD(P)-dependent oxidoreductase
Aldehyde reductase/epimerase (Gre2)
Bacterial low temp. requirement A protein (LtrA)
Aspartate aminotransferase
Lipase
Serine protease / trypsin

Alcohol dehydrogenase (Sfat) - Visecaver et al., 2016. Mol Biol Evol. 33(8):1979-87
Nicotinamidase/Isochorismatase (Pnc1) - Alexander et al. 2016 PNAS 113, 4116-4121
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* Malassezia acquired flavohemoglobin-encoding genes through independent
HGT events from Actinobacteria, which are part of the natural microbiome
and thus are sympatric with Malassezia fungi

* Both flavohemoglobins actively consume NO to counteract nitrosative stress

* Accumulation of intracellular NO leads to upregulation of stress response
genes and downregulation of predicted pathogenicity factors

* In vivo pathogenesis is independent of Malassezia flavohemoglobin

* Several other species-specific HGT events have occurred and might have
contributed to Malassezia evolution and speciation
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Taxonomy of Malassezia

* More phylogenetically related to the Basidiomycota plant pathogens Ustilago maydis and U. hordei
* Highly divergent from other Ascomycota fungi that live on the skin (i.e. Candida species and dermathophytes)
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M. vespertilionis sp. nov. CBS 15041
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ATGGGCAAGAAAGATAAAATTGCAGCTGCCCCTGTCAAGGCATCGAAGAACGTAAAGGCCTCTACCCGCAAGGGAGA
1000 GACTGCCACTGAAAAGAAGAAGGCGGTGAAGGCGAAAGAGCCTGAACCTATGGAGGAGGAATCTGAAGATGAGCCGG
AGGACTCGGACTCCTCAGAAGACTCTTCGGATGAATCCTCAGACAATTCGTCGAGCGATGATGACGATTCCTCGGAC
GATTCTTCAGACAATGAATCCGATGCTGATTCTAACGATTCCGATGAAGACTCTGATGAGGACGACGACGAGGAGAA
AAAGAACTCAAACGACGACTCTGATGATTCCTCAGACGATGATTCTGACGATGATTCTGACGATGACTCCGACGAGG
ACGACAATGATGAAAAGAGCTCGAAAGAAGACTCTAGCGATTCCTCTGACGATTCCTCAGATGATTCTTCTGACGAC
TCCGATGAGGATAACGATGAAGGCAAGAAGTCAAAAGAAGAAGACTCAGACAACGACTCGGACGACGATTCTGATGA
CGATTCTGACGATGACTCGGACGACGACTCTGACTCTGACGACGATTCTGACGATGACGACGATAAAGACAAGAAGA
CGTCGAAGAAAGATTCGGATGATGACTCGGATGACGACTCGGATGATGACTCGGATGATGACTCGGATGATGACTCG
GATGATGATTCGGATGATGACTCCGACGACGATAAAGACAAGAAGACGTCGAAGAAAGATTCGGATGATGACTCGGA
TGACGACTCGGATGACGACTCGGATGACGACTCGGATGACGACTCGGATGACGACTCGGATGACGACTCGGATGACG
ACTCGGATGAAGACTCGGACGACGACTCGGATGACTCAGGTGAATCCAATGATGACTCGAGCTCGTCTGAAGACGCT
CCCAAGCCCGTATCGAAGAAGCGCAAGGCTGATGACGGTGAAGAAGCCGCACCGAAGAAGACTAAAGTTGACGAGAG
TGTTGACGAAGGTATCAAGACTCTGTGGGTCGGCCAGTTAAGCTGGAACGTTGACAATGACTGGCTGAAAAGTATAT
TCGAAGAGTACGGCACCGTGACGGATGCGCGTGTACAGTGTGACCGCGACTCTGGTCGTAGCCGGGGCTTTGGCTAC
GTCGACTTTGCTACGTCTGCTGAGGCTCTGGAGGCATCCAAGAAGGCGCAGGGCAAAGAGGTCGACGGTCGCAACCT
TCGCGTTGATTTGCAGGCTCCTCGCGCTCCCAAGGAGCGTGCCGATTCGCGTGCCAAGCAGTTTAACGATGAGCGCA
GTGCTCCCTCTAACACACTCTTCCTTGGTGGTCTCGCATGGTCTTTGACTGAAGACGATATCTGGAATACCTTTGCT
GAGTACGGTGAAGTGTCTGCCGTCCGTCTGCCAAAAGAGATTGATTCAGGCCGTCCCAAGGGCTTCGGCTATGTTGA
ATTCGCTTCTCAGGAAAATGCTGCGCAGGCTCTCGAGGCTCTCCATGGACAGGAGCTCGGCGGCCGTCCTATCCGCA
TTGACTTTGCGGGCAAGCGCGACAACACTAACTCTCCACGTGGCGGCGCCTCCAACCGAGGCCGAGGAGGATCCCGC
GGCGGAGCTCGTGGCGGCCGTGACAACGGCTGGGGATCTCGTGCCTCTGGCAGTGCTCGCAGCGGTGCAATCGCGAA
GTCTGCCGGTAAAAAAATGACATTCGACGACTAA
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Development of a NO consume assay for Malassezia

Biological activity of nitric oxide in the
plasmatic compartment
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Injections [(NO first,
then yeasts (or
proteins)]
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NO reaction chamber
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Computer
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Ellutia TEA nitric oxide analyzer




