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Malassezia globosa tends to grow actively in summer
conditions more than other cutaneous Malassezia species
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ABSTRACT

Malassezia globosa is a major pathogen of Malassezia folliculitis (MF) and the predominant species on human skin. The
aim of this study was to clarify the differences between M. globosa and other cutaneous Malassezia species, M. restricta,
M. dermatis, M. sympodialis and M. furfur. The optimum growth temperature, effects of compounds of sweat and free
fatty acids on growth, and lipase activities of five cutaneous Malassezia species were determined. The growth of M. glob-
osa was promoted strongly by the compounds of sweat and high temperature unlike that of other cutaneous Malassezia
species. This result clarified that M. globosa tended to grow actively in summer conditions more than other cutaneous
Malassezia species. Furthermore, M. globosa showed high lipase activity. We consider these characteristics of M. globosa

to relate to the pathogenesis of MF.
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INTRODUCTION

Malassezia are basidiomycetous yeasts. The taxonomy of the genus
Malassezia was revised in 1996," and new species were recently
proposed.>” This genus now consists of 14 species. Malassezia
yeasts are part of the cutaneous microbiota. M. globosa, M. restricta,
M. dermatis, M. sympodialis and M. furfur are detected mainly on
healthy human skin.®°

Malassezia species are also associated with cutaneous disorders
such as Malassezia folliculitis (MF), pityriasis versicolor, seborrheic
dermatitis, dandruff, atopic dermatitis and psoriasis.'® MF is caused
by the invasion of hair follicles by large numbers of Malassezia
cells." This results in the development of asymptomatic or pruritic
erythematous papules and sometimes pustules on the back, chest
and upper aspects of the arms.? MF tends to be more prevalent in
the summer months and in tropical locations than in temperate
regions.'® Our quantitative studies clarified that MF is caused by
Malassezia species that are part of the cutaneous microbiota and
not by exogenous species.'* M. globosa was a predominant spe-
cies recovered from MF lesions. MF tends to be more prevalent in
the summer months and in tropical locations than in temperate
regions.' It is considered a possibility that M. globosa has more
suitable properties for increasing on human skin in summer than
other cutaneous Malassezia species.

The aim of this study was to clarify the differences between
M. globosa and other cutaneous Malassezia species, M. restricta,
M. dermatis, M. sympodialis and M. furfur, at optimum growth

fatty acid, lipase, Malassezia globosa, sweat, temperature.

temperature, effects of compounds of sweat and free fatty acids on
growth, and lipase activities.

METHODS

Strains

Malassezia globosa (Centraalbureau voor Schimmelcultures [CBS]
7966), M. restricta (CBS 7877), M. dermatis (Japan Collection of
Microorganisms [JCM] 11348), M. sympodialis (CBS 7222), M. furfur
(NITE Biological Resource Center [NBRC] 0656), and 17 clinical
strains of Malassezia isolated from Malassezia folliculitis patients
(five strains of M. globosa, and three strains each of M. restricta,
M. dermatis, M. sympodialis and M. furfur) were used. The clinical
isolates were identified as described previously." Malassezia
strains were harvested in phosphate-buffered saline (PBS; pH 7.0)
with an optical density of 0.1 after being maintained on Leeming &
Notman agar medium (LNA)'® at 32°C for 2 days (M. sympodialis
and M. furfur) or 7 days (M. globosa, M. restricta and M. dermatis).

Effects of temperature on growth

As a quantitative analysis of growth, we used a modification of the
method by Ushiima et al.'®'” Malassezia suspensions were
smeared in an area 1.5 cm in diameter on LNA and cultivated
at 25°C, 32°C and 37°C. The slow growth species, M. globosa,
M. restricta and M. dermatis, were analyzed after 7 days, and the
fast growth species, M. sympodialis and M. furfur, after 2 days. The
colonies that developed were scratched with a cotton swab, and
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harvested in 10 mL of PBS. The suspensions were homogenized
with an electronic homogenizer to break clumps, and optical density
was measured to compare growth rates.

Effects of compounds of sweat and free fatty acids
on growth

Malassezia suspensions were smeared over an area 1.5 cm in
diameter on LNA supplemented with sodium chloride, sodium lac-
tate or urea, the main compounds of sweat, at 0.1% or 1%, and
sodium laurate (C12), sodium myristate (C14), sodium palmitate
(C16), palmitoleic acid (C16:1), sodium stearate (C18), sodium ole-
ate (C18:1), linoleic acid sodium salt (C18:2), or linolenic acid
(C18:3), the main free fatty acids on human skin, at 0.01% or 0.1%.
These reagents were obtained from Sigma (St Louis, MO, USA).
After 2 days (M. sympodialis and M. furfur) or 7 days (M. globosa,
M. restricta and M. dermatis) at 32°C, growth rates were compared
as described above.

Comparison of lipase activity

The Malassezia strains were harvested in water with an optical
density of 0.5 after being maintained on LNA at 32°C for 2 days
(M. sympodialis and M. furfur) or 7 days (M. globosa, M. restricta
and M. dermatis). Mixtures of Malassezia suspensions (100 pL)
and 0.01 mmol/L 4-methylumbelliferyl oleate dissolved in Mcllvaine
buffer (pH 5.0) (100 pL) were incubated at 37°C for 1 h. The
enzymatic reaction was stopped by the addition of hydrochloric
acid and sodium citrate. The intensity of fluorescence (excitation,
320 nm; emission, 450 nm) was measured after Malassezia cells
were removed by centrifugal separation (1000 g, 10 min). For
comparison, the lipase activity of Propionibacterium acnes
(JCM 6425) cultured at 32°C for 2 days with modified GAM broth
(Nissui, Tokyo, Japan) under anaerobic conditions was also
measured.

RESULTS

Effects of temperature on growth
The growth rates of Malassezia species at various temperatures are
shown in Figure 1. For all species, the growth rates were signifi-
cantly lower at 25°C than 32°C. For M. restricta, the growth rate was
significantly lower at 37°C than 32°C, although for M. globosa, it
was significantly higher at 37°C than 32°C.

Effects of compounds of sweat and free fatty acids
on growth
The effects on growth of sodium chloride, lactic acid and urea are
shown in Figure 2. Sodium chloride at 1% increased significantly
the growth rate of M. globosa, although it decreased that of M. sym-
podialis. Sodium chloride at 0.1% also increased the growth of
M. globosa. Lactic acid at 1% increased the growth rate of M. glob-
osa, but decreased that of M. sympodialis. Lactic acid at 0.1%
increased growth in M. globosa and M. sympodialis. Urea
decreased the growth of all Malassezia species at 1%, and that of
M. globosa, M. dermatis and M. furfur at 0.1%.

The effects on growth of lauric acid (C12), myristic acid (C14),
palmitic acid (C16), palmitoleic acid (C16:1), stearic acid (C18), oleic

614

25°C 32°C 37°C

Growth rate

M. globosa

M. restricta
M. dermatis
M. sympodialis
M. furfur

M. globosa

M. restricta
M. dermatis
M. sympodialis
M. furfur

M. globosa

M. restricta
M. dermatis
M. sympodialis
M. furfur

Figure 1. Growth rates of Malassezia species at various tempera-
tures. The optical density in the culture at 32°C was taken as 1.0.
M. globosa, M. restricta and M. dermatis were analyzed after 7 days,
and M. sympodialis and M. furfur after 2 days. Six strains of M. glob-
osa, and four strains each of M. restricta, M. dermatis, M. sympodialis
and M. furfur were used. Error bars show standard deviation. Aster-
isks indicate statistically significant differences by Mann-Whitney
U-test versus the culture at 32°C (P < 0.05).

acid (C18:1), linoleic acid (C18:2) and linolenic acid (C18:3) are
shown in Figure 3. Lauric acid reduced the growth rates of all Mala-
ssezia species except M. furfur at 0.1%, and that of M. sympodialis
at 0.01%. However, the growth of M. furfur was increased by lauric
acid. Myristic acid decreased growth in all Malassezia species
except M. dermatis at 0.1%, and increased growth in M. restricta,
M. dermatis and M. sympodialis at 0.01%. Palmitic acid increased
the growth of M. furfur at 0.1%, and of M. globosa, M. restricta and
M. sympodialis at 0.01%. Palmitoleic acid at 0.1% increased growth
in M. dermatis and M. furfur, although it decreased growth in
M. globosa and M. restricta. Palmitoleic acid at 0.01% increased
the growth of M. dermatis, although it decreased that of M. restricta.
Stearic acid at 0.1% decreased growth in M. globosa and
M. restricta, but at 0.01% it did not influence the growth of
Malassezia species. Oleic acid at 0.1% increased growth in M. furfur,
but decreased it in M. globosa and M. restricta. Oleic acid at
0.01% increased the growth rates of all Malassezia species except
M. dermatis. Linoleic acid at 0.1% increased growth in M. dermatis
and M. furfur, but decreased it in M. globosa, M. restricta and
M. sympodialis. Linoleic acid at 0.01% increased the growth of
M. sympodialis and M. furfur. Linolenic acid at 0.1% decreased the
growth rates of M. globosa and M. restricta. Linolenic acid at 0.01%
increased growth in M. dermatis, although it decreased growth in
M. restricta.

Comparison of lipase activity

The lipase activities of each Malassezia species are shown in
Figure 4. M. globosa and M. restricta had higher levels of activity
than M. dermatis, M. sympodialis and M. furfur. Moreover, M. furfur
had less activity than M. dermatis and M. sympodialis. The lipase
activity of P. acnes (JCM 6425) was 1.20 + 0.18. In addition, there
were no significant differences between M. sympodialis and M. furfur
cultured for 2 days and for 7 days (data not shown).
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Figure 2. Effects of compounds of sweat on growth rates of Mala-
ssezia species. The optical density of the negative control (no ingredi-
ent) was taken as 1.0. M. globosa, M. restricta and M. dermatis were
analyzed after 7 days, and M. sympodialis and M. furfur after 2 days.
Six strains of M. globosa, and four strains each of M. restricta, M. der-
matis, M. sympodialis and M. furfur were used. Error bars show stan-
dard deviation. Asterisks indicate statistically significant differences
by Mann-Whitney U-test versus negative controls (no ingredient;
dotted lines) (P < 0.05).

DISCUSSION

In this study, we referred to the method by Ushijima et al.'®"" as a
quantitative analysis of growth; however, we used LNA, a superior
medium in its ability to multiply M. globosa and M. restricta, because
the medium used in their study did not have the ability to multiply
some strains (data not shown).

The growth rate for M. globosa was significantly higher at 37°C
than 32°C. Guého et al., however, reported that M. globosa did not
show good growth at 37°C unlike other Malassezia species,' which
is totally different from our result. This difference may depend on the
culture medium. Our study used LNA for Malassezia cultures,
although Guého et al. used modified Dixon agar medium (mDixon
A). We confirmed in a preliminary experiment that M. globosa show-
ing growth in LNA did not always show growth in mDixon A,
because its ability to grow on LNA was superior to that on mDixon A
(data not shown). We consider that M. globosa shows good growth
at 37°C under the appropriate conditions.

The main compounds of human sweat are sodium chloride
(0.648-0.987%), urea (0.086-0.173%) and lactic acid (0.034-
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Figure 3. Effects of fatty acids on growth rates of Malassezia spe-
cies. The optical density of the negative control (no ingredient) was
taken as 1.0. M. globosa, M. restricta and M. dermatis were analyzed
after 7 days, and M. sympodialis and M. furfur after 2 days. Six
strains of M. globosa, and four strains each of M. restricta, M. derma-
tis, M. sympodialis and M. furfur were used. C12, lauric acid; C14,
myristic acid; C16, palmitic acid; C16:1, palmitoleic acid; C18, stearic
acid; C18:1, oleic acid; C18:2, linoleic acid; C18:3, linolenic acid. Error
bars show standard deviation. Asterisks indicate statistically signifi-
cant differences by Mann-Whitney U-test versus negative controls
(no ingredient; dotted lines) (P < 0.05).

0.107%)."® In our study, sodium chloride at 1% and lactic acid at
0.1% significantly increased the growth rate of M. globosa, although
urea at 0.1% did not. This result indicates that sweat strongly pro-
motes the growth of M. globosa. In other words, M. globosa growth
tends to increase under summer conditions when temperatures are
high and people sweat. MF tends to be more prevalent in the sum-
mer months and in tropical locations than in temperate regions.13
Moreover, we confirmed that the number of M. globosa counted by
the culture method in healthy subjects tended to increase in sum-
mer.® This characteristic of M. globosa may relate to the pathogene-
sis of MF.

The influence that each kind of fatty acid has on the growth of
Malassezia differs among species. In our experiments with LNA as
the base medium, all fatty acids at 0.1% except C16 suppressed
the growth of M. globosa and M. restricta. The sebum on human
skin contains an average of 16.4% (7.9-39.0%) free fatty acid.'® In
Japanese, this value is 12.6-27.4%.%° The fatty acids in sebum may
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Figure 4. Lipase activity of Malassezia species. The lipase activity is
relative to that of M. furfur. Six strains of M. globosa, and four strains
each of M. restricta, M. dermatis, M. sympodialis and M. furfur were
used. Error bars show standard deviation. Statistically significant dif-
ferences by Student’s t-test are indicated; *, versus M. dermatis,
M. sympodialis and M. furfur; *, versus M. furfur (P < 0.05).

have inhibitory effects generally on the growth of M. globosa and
M. restricta, the predominant species in human skin. However, the
influence on the growth of Malassezia species by fatty acids differed
with the species of Malassezia or kind and dose of fatty acid. The
cutaneous Malassezia microbiota differed by sex and body part. Dif-
ferences in the kinds and amount of fatty acids in human sebum
may control the cutaneous Malassezia microbiota. This would also
be an interesting topic for further research.

Before the classification of Malassezia was established, this
yeast was called Pityrosporum and consisted of three species:
P. ovale, P. orbiculare and P. pachydermatis.?' There are also
a few comparative studies about differences in the growth
characteristics of Pityrosporum spp.'®'” For example, lactic
acid promotes an increase in the growth of P. orbiculare. It is
considered that much of P. orbiculare refers to M. globosa,'®
and the present result supports this hypothesis. However, the
influence on the growth of M. globosa by fatty acids did not
relate to that of P. orbiculare."®'” It was reported that the
growth of P. orbiculare was promoted by palmitic acid and
stearic acid at 0.2%. Our study used LNA, although the previ-
ous reports used a medium with a totally different composition.
We consider the difference to depend on the nutrients in the
medium.

Malassezia lipase is associated with insoluble fractions, and its
optimal pH was 5.0.22 Our experiment to compare the lipase activity
of each Malassezia species was designed taking into consideration
these characteristics. Most of the Malassezia species showed
higher lipase activity than P. acnes (JCM 6425), a representative
microorganism having lipase. In particular, M. globosa and
M. restricta showed high lipase activity among the cutaneous
Malassezia species. One of the reasons why M. globosa is
predominant on human skin may be high lipase activity.

In conclusion, this study clarified that M. globosa, the most pre-
dominant species on human skin and a major pathogen of MF,
tended to grow actively in summer conditions, when temperatures
were high and people sweat more, than other cutaneous Malassezia
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species. Furthermore, M. globosa showed high lipase activity. We
consider that these characteristics of M. globosa relate to the patho-
genesis of MF.
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