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Skin Mycobiome: Malassezia

CBS 7877

* Belong to a group of largely plant
pathogens (Ustilagomycotina)

e Strongly lipophilic fungi (hard to
grow)
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Malassezia and Skin Diseases

Dandruff
— Antifungal
freatments
staining for CD4* immune cells
Seborrhoeic . .
.. Tinea versicolor
dermatitis
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Malassezia Genus

Malassezia globosa Malassezia restricta  Malassezia furfur

14 Malassezia Species
— What are their unique genetic features?

— Which Malassezia are associated with disease?

A*STAR



Malassezia Genome Database

M. caprae 10434, M. cuniculi 11721, M. dermatis 9169, M.
Guangxi equina 9969, M. furfur 1878,4172,7019, 7710, JPLK23,
7982, M. globosa 7990, 7966,7874, M. japonica 9431, M.
Sample set nana 9557, M. obtusa 1876, M. pachydermatis 1879, M.
(24 strains, all 14 species)  restricta 7877, 8742, M. slooffiae 7956, M. sympodialis
42132,44340,96806, M. yamatoenis 9725
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Relative abundances

Distribution of Malassezia
Environmental samples (PLoS Pathogens, 2014) Not Detectable

(ocean water, marine sediments, soil and rhizosphere samples)

Oral samples (PLoS ONE 2014) Not Detectable

(keratinized gingiva, buccal mucosa, palatine tonsil, saliva, subgingival
plaque, supragingival plaque, throat, tongue dorsum, hard palate)

. Skin samples

o
o

Number of samples
Number of individuals

Species

247 17 E3M. restricta
199 16 B M. globosa
69 12 TIM. sympodialis
20 4 M. slooffiae
13 1 =M. equina
13 6 E=M. dermatis
10 2 M. obtusa
8 3 EEM. pachydermatis
3 B M. japonica
5 B M. caprae
1 E=EM. furfur
1 M. cuniculi
0 I M. nana
0 E= M. yamatoensis
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What makes
Malassezia unique?

Compact genome:
4,000-5,000 genes

Except for 4 M. furfur
strains: ~10,000 genes

— potential hybrids
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Saccharomyces cerevisiae

Candida albicans

Neurospora crassa

Trichophyton rubrum

Puccinia graminis

Wallemia ichthyophaga

100‘

100

Cryptococcus neoformans

100

100

0.1

Coprinopsis cinerea

Ascomycota

Basidiomycota



S. cerevisiae

U. maydis
100 M. slooffiae 7956
M. cuniculi 11721

—— M. pachydermatis 1879
Y M. nana 9557

What makes |- .o o
° ° 1 M. caprae 10434
Malassezia unique?

G:3L:88

100 (|~ M. dermatis 9169
M. sympodialis 96806

. M. sympodialis reference Less common
Comparlson tO a 100 | M. sympodialis 42132 B i resident

pal’lel Of 16 fungal M. sympodialis 44340

100 | M. restricta 8742
genomes M. restricta 7877
— All Ustilagomycotina, other |

J

100

G:13 L:741

100

| 8 G:2L:84

) |

G:1L:36

M. globosa 7990 Common human

Basidiomycetes and M. globosa 7966 [ skin residents
Ascomycetes 10! M. globosa reference

—_— 64 gene gains’ M. globosa 7874
>700 genes lost

M. japonica 9431

G:3L:76

M. yamatoensis 9725
M. obtusa 7876
- M. furfur 7982 Fungaemia
S\ M. furfur 7710 A causing,
M. furfur 7019 - Rarely found on

M. furfur JPLK23 hll an skin
H M. furfur 1878
100

0.05 M. furfur 4172 i
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PF06742: domain of unknown function

Found in pathogenic bacteria (e.g.
Mycobacterium tuberculosis, Listeria
monocytogenes and Salmonella
enterica) and fungi (e.g. Aspergillus

flavus)

Ortholog in Chlamydomonas
reinhardtii 1s dramatically up-
regulated under sulfur depletion
conditions

Fraction of total RNA-seq reads
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Hours of culture

Secreted protein (signal peptide
match)

Based on homology modelling, likely
a glycosyl hydrolase (EC 3.2.1.x)

Could modulate beta-glucan levels in
the fungal cell wall (cross-talk with
immune system)
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98

100

Knoellia flava TL1 -
Sphingomonas sp. PAMC 26621
Blastomonas sp. AAP53

M. globosa 7966 4463

M. globosa 7966 3524

M. slooffiae 7956 2966

Neurospora crassa OR74A
Wallemia ichthyophaga 12933
Cryptococcus neoformans JEC21 1
Cryptococcus neoformans JEC21 4
Neurospora crassa OR74A3
Trichophyton rubrum 11264

Coprinopsis cinerea 1

100

I

Bacterial Catalases

_| Exobasidium vaccinii 1275409

Malassezia have a bacterial catalase

coping with oxidative stress (e.g. H,O, from

secreted GMC oxidoreductases )

_ _” Coprinopsis cinerea 4

100 .= Coprinopsis cinerea 2
Puccinia graminis 10338T0
100

w
S

27

31

_I Puccinia graminis 21661T0
100 Puccinia graminis 21662T0
78 __ Puccinia graminis 01221T0

91 Puccinia graminis 06924T0

100 _| Saccharomyces cerevisiae YDR256C
_|_ Candida albicans SC5314 2
100 I Candida albicans SC5314

Trichophyton rubrum 17383

Trichophyton rubrum 14763

Neurospora crassa OR74A2

Cryptococcus neoformans JEC21 2
100 ! Cryptococcus neoformans JEC21 5
Trichophyton rubrum 13297

— Coprinopsis cinerea 3

ol M. slooffiae 7956 4745

|_” Exobasidium vaccinii 1254716
97 - Tilletiaria anomala 2294361

Saccharomyces cerevisiae YGR088W

Pseudozyma hubeiensis 15927

1 100
Melanopsichium pennsylvanicum 03262

Ustilago hordei 03771
Tilletiaria anomala 2268920
Exobasidium vaccinii 1248909

171

Cryptococcus neoformans JEC21 3

m_| Puccinia graminis 14885T0

Fungal Catalases

Puccinia graminis 12533T0

PF13367 found only in cluster B

dent bacteria (e.g. Propionibacterium,

in resi
Streptococcus and Staphylococcus )

and in sk

Peptidase - homology to proteins

that cleave anti-microbial peptides



Gene loss in Malassezia (741) .20,
- adapting to life on skin

Enrichment for enzymes involved in
carbohydrate metabolic process (q-
value < 4.5x104) and in hydrolysis
activity (hydrolyzing O-glycosyl
compounds; g-value < 4.5x10%)

Human Scalp Surface
Lipids, shed skin cells, proteins

Fatty acid iy
NoT 40 T 40
synthase (FAS) D e =0 Hours
missing in all s ™ 24 Hours
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Malassezia have
distinct lipid

preferences
M. restricta
A B C E. H
N ) . D. Wheat F. ) 1.0.1% J.0.1% |[K.0.1%
Olive [Propylene| Artificial A . G. Lard | Coconut | . . . : L
. Triolein | germ |Squaline . Rincinoleic| Stearic [Palmitic
Compounds| oil glycol sebum oil oil
tested:
L P. |Q.0.1%|R. 0.1% Blank.
" |M. Tween| N. Tween |O. Tween | e s S. T. 0.1% U. Cells
Tween Tween| Oleic A | Oleic A | . . ) . . ) )
40 60 80 Linoleic |Petroselinic| Palmitoleic | with no
20 85 (74%) | (Pure) lipid




+1/-0

EXtenSive 1/ 3 M. japonica

+0/-2 0
M. yamatoensis
: +0/-0
turnover in 0t P00 bt
Lo +0/-0 1
M. furfur
ipases
5 M. pachydermatis
+0/-1 +0/-0 \
M. nana
o +0/-4 +0/-3
PFO4185 . P o 4 M. equina
(phOSphOllpase) i " /'0—0/% 4 M. sympodialis
+0/-
o PFO3583 6 +0/-1 4 M. caprae
T +0/-3
(SGCI’CtOI‘y 4 M. dermatis
. 0/-1
llpase) +1/-3 . 6 M. globosa
+0/-0
« PF01764 (other — 7 e
lipases) +0/-2 4 M. slooffiae
+1/-1

4 M. cuniculi

“Genus-wide comparative genomics of Malassezia delineates its phylogeny, physiology,
and niche adaptation on human skin”, Guangxi Wu et al., PLoS Genetics 2015



PeG

Wu Guangxi Tom Dawson  Sebastian Maurer-Stroh 'Sb‘cgi::?; f'l'oerchnolo
Nagarajan Lab, GIS Institute of Medical Bioinformatics Institute, A*STAR and Res’earch &
Biology, A*STAR SINGAPORE

http://journals.plos.org/plosgenetics/article?21d=10.1371/journal .pgen.1005614

A*STAR

GIS






