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The genus Malassezia

• Basidiomycetous yeasts 

• 18 species

• Lipid-dependent

• Main fungus of the skin 

• Commensal lifestyle

• Pathogenic lifestyle

- Byrd AL, Belkaid Y, Segre JA.Nat Rev Microbiol. 2018 16:143-155.



Malassezia-associated clinical conditions

Pityriasis versicolor DandruffAtopic dermatitis



Malassezia genome research

- Jun Xu et al. 2007. PNAS vol. 104 no. 47, 18730–18735. doi: 10.1073/pnas.0706756104
- Gioti et al. 2013. mBio vol. 4no. 1 e00572-12. doi: 10.1128/mBio.00572-1222 
- Wu G et al. 2015. PLoS Genetics 11:e1005614. doi:10.1371/journal.pgen.1005614
- Triana S  et al. 2015. Genome Announc 3:e01197-15. doi:10.1128/genomeA.01197-15
- Park et al. 2017. Mycoses. 60:188-197  doi: 10.1111/myc.12586
- Zhu et al. 2017. Nucleic Acids Res. 45:2629-2643. doi: 10.1093/nar/gkx006.
- Lorch et al. 2018. Mol Phyl Evol of Fungi. 41: 56-70. doi.org/10.3767/persoonia.2018.41.04

• Small genomes (~7-9 Mb)

• Absence of fatty acid synthase 

• Loss of RNAi

• Loss of enzymes involved in 

carbohydrate metabolism and hydrolysis

• 44 Malassezia-specific gene clusters



Agrobacterium tumefaciens-mediated transformation of 
Malassezia



Role of flavohemoglobin in bacteria, fungi and protozoa

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



Flavohemoglobin-encoding genes were acquired by Malassezia
through independent HGT events from Actinobacteria

- Hoogewijs D, et al.,2012. PLoS ONE 7(2): e31856 
- Visecaver et al., 2016. Mol Biol Evol. Aug;33(8):1979-87 

CLADE 2 flavohemoglobin Yhb101



Malassezia flavohemoglobins are involved in resistance to 
nitrosative stress and NO degradation 

CLADE 2 flavohemoglobin Yhb101 
from M. yamatoensis



Transcriptomic profile of M. sympodialis in presence of NO 
accumulation
D A F - F M  D A  =  fluorescent signal in the 

presence of NO



Is flavohemoglobin required for Malassezia pathogenesis?
Flavohemoglobin is involved in macrophage survival and in vivo virulence in 
Cryptococcus neoformans and Candida albicans, but not in Aspergillus fumigatus

Sparber et al 2019. Cell Host Microbes 25:389:403



Malassezia flavohemoglobins are not required for pathogenesis 
in ex vivo and in vivo models.
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Additional HGT events in Malassezia

- Visecaver et al., 2016. Mol Biol Evol. 33(8):1979-87
- Alexander et al. 2016 PNAS 113, 4116-4121



Summary 

• 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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QUESTIONS?



Taxonomy of Malassezia
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Wu G et al. (2015). PLOS Genetics 11(11): e1005614; Lorch et al. (2018). Molec Phyl Evol of Fungi. 41: 56-70
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causing 
species

Commensal 
species

Outliers

• 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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Development of a NO consume assay for Malassezia

Injections [(NO first, 
then yeasts (or 
proteins)]

NO reaction chamber

Computer 


