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Background: The lipophilic yeasts Malassezia spp. are nor-
mally resident on the surface of the human body, and often
associated with various skin diseases. Of the 18 known
Malassezia spp., Malassezia restricta is the most predom-
inantly identified Malassezia sp. found on the human skin.
Malassezia possesses a large number of genes encoding li-
pases to degrade human sebum triglycerides into fatty acids,
which are required not only for their growth, but also trigger
skin diseases. Previously, we have shown that MrLIP5
(MRET _0930), one of the 12 lipase genes in the genome of
M. restricta, and is the most frequently expressed lipase gene
in the scalp of patients with dandruff. Objective: In this study,
we aimed to analyze the activity, stability, and expression of
MrLip5, with particular focus on pH. Methods: We hetero-
logously expressed MrLip5 in Escherichia coli, and purified
and analyzed its activity and expression under different pH
conditions. Results: We found that MrLip5 was most active
and stable and highly expressed under alkaline conditions,
which is similar to that of the diseased skin surface.
Conclusion: Our results suggest that the activity and ex-
pression of MrLip5 are pH-dependent, and that this lipase
may play an essential role at the M. restricta-host interface
during disease progression. (Ann Dermatol 32(6) 473 ~ 480,
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INTRODUCTION

Malassezia is the most abundant fungal genus isolated
from human skin and is associated with various skin dis-
orders including seborrheic dermatitis, dandruff, atopic
dermatitis, and pityriasis versicolor'”. Of the 18 currently
identified Malassezia spp., Malassezia restricta is the most
predominant species found on human skin'*®®. Further-
more, the clinical significance of M. restricta in specific
skin diseases has been suggested by numerous studies.
Clavaud et al.? and Park et al.” quantitatively analyzed and
compared M. restricta populations on the scalp of patients
with dandruff and healthy individuals using a culture-in-
dependent method, and showed a significantly higher
population of the species on the scalp of the former than
that on healthy scalps. Additionally, Kato et al.'’ quanti-
fied Malassezia spp.-specific immunoglobulin E (IgE) anti-
bodies in sera from patients with atopic dermatitis and de-
tected higher levels of M. restricta-specific IgE than those
of other species.

One of the most notable physiological characteristics of
Malassezia spp. is their lipid-dependency. Recent genome
sequencing analysis has revealed that the lipophilic nature
of Malassezia spp. is caused by the lack of a fatty acid syn-
thase gene''™"”. This physiological characteristic might be
compensated for by secretion of lipolytic enzymes, includ-
ing lipases, which are hydrolases that act on carboxylic es-
ter bonds, resulting in the production of free fatty acids'®.
Indeed, Malassezia possesses a large number of genes en-
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coding lipases compared with other fungi'', and secretes
lipases to degrade triglycerides of human sebum into fatty
acids, consuming the resultant metabolites for growth'”"”.
Moreover, a number of studies have suggested that the ab-
normal increase in unsaturated fatty acid levels, in partic-
ular oleic acid, generated by Malassezia lipases after con-
suming specific saturated fatty acids on the scalp surface,
might be an etiological factor for dandruff, implying that
such enzymes not only contribute to the survival of
Malassezia on the host skin surface, but may also trigger
skin disorders'*°.

Extracellular lipases are also considered to be an im-
portant virulence factor of other pathogenic fungi. In par-
ticular, lipases of the human fungal pathogen Candida al-
bicans are known to contribute to the successful colo-
nization by fungal cells of host tissue during infection, as
well as inducing morphological transitions of the fungal
2122 To date, a total of 10 lipase genes (CaLlP1-
CallP10) have been identified in C. albicans, and among
these, CalLlP5, CallP6, CallP8, and CallP9 are expressed
during infection in mice. Furthermore, a strain lacking
CallP8 is significantly less virulent, suggesting the roles of
these genes in pathogenesis®>**. In the plant fungal patho-
gen Fusarium graminearum, disruption of FGLT, which
encodes a lipase, results in reduction of fungal virulence
in wheat and maize, further supporting the importance of
lipases in pathogenic fungi®

Several studies have attempted to identify and biochemi-
cally characterize lipases in Malassezia spp.'”'****'. H
ever, these studies were mainly focused on Malassezia
spp. other than M. restricta, and no study has been carried
out to understand the lipases of the most predominant
Malassezia sp. on human skin. In a previous study, we se-
quenced the genome of M. restricta KCTC 27527, which
was clinically isolated from a patient with dandruff, and
identified 12 lipase genes, including MrLIP1-4"*""*°. More-
over, we demonstrated that MRET_0930 (named MrLIP5),
which encodes a lipase of the LIP family (PF03583), is the
most frequently expressed lipase gene on the scalp of pa-
tients with dandruff, suggesting that MrLip5 may play a
major role in M. restricta-host skin interactions'*. In the
current study, we aimed to analyze the expression and ac-
tivity of MrLip5 under different environmental conditions
such as pH and temperature, which are the main factors
that influence skin health.

cells

Oow-

MATERIALS AND METHODS

Culture conditions

The clinically isolated M. restricta strains KCTC 27524,
KCTC 27527, KCTC 27529, KCTC 27539, KCTC 27540,
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KCTC 27543, and KCTC 27550 were grown in Leeming
and Notman®? agar medium (LNA; 0.5% [w/Vv] glucose,
0.01% [w/V] yeast extract, 1% [w/v] polypeptone, 0.8%
[w/V] bile salt, 0.05% [w/v] glycerol monostearate, 0.05%
[viV] Tween® 60 [Sigma, St. Louis, MO, USA], 0.1% [v/V]
glycerol, 1.2% [w/v] agar and 0.5% [v/v] whole-fat cow milk)
and cultured at 34°C for 3 days. Escherichia coli BL21 was

grown in Luria-Bertani (LB) broth at 10°C or 37°C™*.
Heterologous expression and purification of MrLip5

To biochemically characterize MrLip5, we first amplified
the coding region of the MrLIP5 gene, using the primers
OPINM.MRET _0930.F (5-AAGTTCTGTTTCAGGGCCCGG
TTCCTTACCCTCAAGACGATCC-3") and OPINM.MRET _
0930.R (5-ATGGTCTAGAAAGCTTTAGTGGTGCTTGCCG
TGCTTCTTC-3’), and the cDNA of M. restricta KCTC
27527 as template. The amplified PCR product was li-
gated into the Kpnl and HindlIl sites of plasmid pOPINM,
which encodes 6 xhistidine (His) residues and maltose-
binding protein (MBP) domain tags, using the In-Fusion™
HD Cloning Kit (Clontech Laboratories, Mountain View,
CA, USA)®. The constructed plasmid was designated pMJ002
and transformed into E. coli BL21. To express MrLip5,
bacterial cells were cultured at 10°C overnight in the pres-
ence of 0.5 mM isopropyl £ -D-1-thiogalactopyranoside,
and the recombinant MrLip5 protein was purified using
His GraviTrap™ columns (GE Healthcare Life Science,
Buckinghamshire, UK).

Enzyme activity assays

Lipase activity was evaluated spectrophotometrically using
p-nitrophenylpalmitate, as described previously®*. For de-
termination of the optimal pH for the lipase reaction, so-
dium citrate buffer (pH 3.0~6.0) or potassium phosphate
buffer (pH 6.0~ 8.0) was used as a reaction buffer in the
assay mixture (100 mM buffer, 0.5 mM p-nitrophenylpal-
mitate, 0.5% [v/v] Triton X-100 and 1 g of the purified
protein). The enzyme reaction was carried out at 37°C for
1 hour and arrested by the addition of two volumes of 1 M
Tris buffer (pH 8.0). The optical absorption at 405 nm was
measured to determine activity. To analyze stability, the
enzyme was incubated over a range of different pH levels
at 37°C for 12 hours, and enzyme activity was determined
as described above®?°.

Generation of MrLip5 antiserum

An antiserum against M. restricta MrLip5 was generated
by a custom antibody production service using the synthe-
sized peptide representing the protein (*’KGDISPGEGGD
HTKES*?, Young In Frontier Inc., Seoul, Korea). Briefly, for
the first immunization, an emulsion produced by mixing



the antigen with complete Freund’s adjuvant was injected
into various parts of rabbits. For the secondary immuniza-
tion, a mixture of the antigen and incomplete Freund’s ad-
juvant was injected into rabbits four weeks later. A third
immunization was performed using the same methods of
the secondary immunization. A week later, rabbit blood
was collected by heart puncture and antiserum against
MrLip5 was purified.

Western blot analysis

To analyze the expression of MrLip5 under different pH
and temperature conditions, M. restricta strain KCTC 27527
cells were cultured on LNA medium at pH 5.0, 6.0, 7.0,
8.0, and 9.0 at 34°C, or at pH 5.0, 7.0, and 8.0 at 30°C,
34°C, and 37°C for 3 days. Cells were harvested and sus-
pended in cell lysis buffer (50 mM 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid-KOH [pH 7.0], 140 mM NaCl,
1 mM ethylenediaminetetraacetic acid, 0.1% [w/v] Na-de-
oxycholate, 1% [v/v] Triton X-100 and 1 mM phenyl-
methylsulfonyl fluoride)*’?*. Whole-cell proteins from the
cell suspension were extracted as described previously®
Samples of 15 or 20 g of whole-cell protein were load-
ed onto gels for western blotting of MrLip5, and western
blot analysis was performed with MrLip5-specific anti-
serum (1 in 500 dilution) as a primary antibody and a goat
anti-rabbit 1gG-horseradish peroxidase was employed as
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the secondary antibody.

M. restricta strains KCTC 27524, KCTC 27529, KCTC
27539, KCTC 27540, KCTC 27543 and KCTC 27550 were
cultured on LNA at pH 5.0 and 8.0 at 34°C for 3 days, and
cellular protein samples were prepared as described as
above.

RESULTS

Heterologous expression and purification of MrLip5

Our previous genome sequencing analysis of M. restricta
KCTC 27527 revealed that MRET_0930 has an open read-
ing frame of 1,530 bp encoding a LIP family (PF03583) li-
pase MrLip5, which consists of 509 amino acids with a
predicted molecular mass of 57.3 kDa (Fig. 1)'"'*">3%41,
To analyze the activity of MrLip5, the coding region of the
MrLIP5 gene was cloned into the pOPINM plasmid (con-
taining 6 x His and MBP tags), and the recombinant pro-
tein was overexpressed in E. coli and purified (see MA-
TERIALS AND METHODS)*. We attempted to remove
MBP from purified MrLip5 but were unsuccessful; there-
fore, we transformed the same E. coli strain with the emp-
ty pOPINM plasmid without any insert, purified the MBP,
and used it as a negative control throughout the study.
After protein purification, we verified that the molecular
weights of purified MBP and MrLip5-MBP were 42.5 and

MrLip5 ,,,mnvu ALAVALAY| FVTILGNVPY ap SEN NEAPETIRERKI QAASLEI FEW- - KL DAWE VY] AGARPD
MGL3507 MYSTSLLRWLVVALVSAVBLVTAYGFVPYBaN NTERBDMBKDRKIQAATLGI LKW -NLD \ SGARPN
MSY001_2988 MYTASLLR ALAVLAMVELVSALGLVPYBDQ NKAPEDMERSRK I QAASVGI L KF - - N1 DAWAL NTINRS
CaLip4 MUFLLFLLVARIYAGLILPTKE@SN NAP A FEKAAV EMBoSRKTPKP I TEVFVPVKI QNSWALBVRSEDS - FG
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MrLip5 WVAGA| LMD R EVGNLLDDEVWTEEGK I AEKVMRNSBVYESHIR - - - - - - - YFGAT o -ERY1 LSS QMRK | SNM
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Fig. 1. Sequence alignment of MrLip5
and homologs in other fungi. MGL_
3507 (XP_001729472.1), Malassezia
globosa homolog; MSY001 2988
(XP_018741488.1), Malassezia sym-
podialis homolog; CalLip4 (XP_712
408.2), Candida albicans lipase 4;
AfLip (XP_753242.1), Aspergillus fu-
migatus lipase'""****°. Hash marks
indicate the conserved lipase motif
(G-X-S-X-G). Jalview 2.0 (http://www.
jalview.org) was used for sequence
alignment™’
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95.5 kDa, respectively, as predicted (Fig. 2A). environmental pH conditions, and enzyme activity was

. .. . evaluated across varying pH values (pH 5.0~9.0) as pre-
Effects of pH on MrLip5 activity and stability viously described®*. To remove the possibility that the ac-
It is well-established that pH influences skin condition; the tivity of the MrLip5 protein containing the MBP tag against
normal skin surface is considered to be acidic, whereas the substrate, p-nitrophenyl palmitate, the activity of puri-
the diseased skin surface becomes alkaline****. We there- fied MBP alone was measured, and the values were sub-
fore investigated whether MrLip5 activity is influenced by tracted from those of MrLip5-MBP. Our results showed

A B
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100 —»— Stability

1.0 1
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Fig. 2. Purification of MrLip5, and effects of pH on enzyme activity and stability. MrLip5 was fused to 6xhistidine (His) and the
maltose-binding protein (MBP) tag and heterologously expressed in Escherichia coli. The recombinant protein was purified using a
His column, separated by SDS-PAGE and stained with Coomassie Brilliant Blue. MBP (42.6 kDa), MBP without MrLip5; MBP-Lip5
(95.5 kDa), MrLip5 fused with MBP (A). The relative activity and stability of MrLip5 at varying pH levels, normalized to pH 8.0.
Data were obtained from four independent assays. Error bars indicate standard deviations. Purified MBP without MrLip5 was not
included because it displayed no lipase activity over the pH range tested (B).

A
pH 50 60 7.0 80 9.0

Fig. 3. MrLip5 expression at varying pH values. MrLip5 expression levels in Malassezia restricta KCTC 27527 cells grown in media
of varying pH values (pH 5.0~9.0) at 34°C were assayed by western blot analysis using MrLip5-specific anti-serum (upper panel).
A total of 20 1£g of protein samples were loaded on SDS-PAGE gels, and membranes were stained with copper phthalocyanine-3,4’,4”,4"'-
tetrasulfonic acid tetrasodium (CPTA) to ensure equal loading (lower panel) (A). MrLip5 expression levels in M. restricta strains KCTC
27524, KCTC 27529, KCTC 27539, KCTC 27540, KCTC 27543, and KCTC 27550 grown in pH 5.0 and pH 8.0 media at 34°C
were assayed by western blot analysis using MrLip5-specific anti-serum (upper panel). A total of 10 «g of protein samples were

loaded on SDS-PAGE gels, and membranes were stained with CPTA to ensure equivalent loading (lower panel). Representative data
from two independent experiments are shown (B).
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that purified MrLip5 protein possesses lipase activity, and
revealed that maximum activity of the enzyme occurred at
pH 7.0 (Fig. 2B). Consistent with this, the highest MrLip5 sta-
bility was observed in pH range 7.0 ~8.0. These results sug-
gested that MrLip5 is most active and stable at pH 7.0~
8.0, rather than acidic under conditions, below pH 7.0.

Effects of pH on expression of MrLip5

The influence of pH on MrLip5 activity led us to analyze
the expression of MrLip5 at varying pH levels. MrLip5-spe-
cific antiserum was generated as described in MATERIALS
AND METHODS, and was subsequently used to inves-
tigate whether expression of the lipase is regulated by pH.
The result of western blot analysis showed that MrLip5
was most highly expressed in cells grown at pH 8.0 (Fig.
3A), which correlated well with the activity and stability of
the enzyme. Next, we investigated its expression in other
clinical isolates of M. restricta strains to rule out that the
pH-dependent expression pattern of MrLip5 is specific to
M. restricta KCTC 27527. All clinically isolated M. re-
stricta strains other than M. restricta KCTC 27527 dis-
played higher expression levels of MrLip5 at pH 8.0 than
those at pH 5.0, indicating that MrLip5 is regulated by en-
vironmental pH, and is expressed more highly under alka-
line than under acidic pH (Fig. 3B).

In addition to pH, we also investigated the effect of tem-
perature on MrLip5 expression, as this parameter is con-
sidered to be a critical environmental factor influencing
skin physiology®. M. restricta KCTC 27527 cells were
grown at 34°C and 37°C in media with different pH levels,
and expression of MrLip5 was evaluated by western blot
analysis. Overall, MrLip5 expression was generally lower
in cells grown at pH 5.0 than in cells grown at pH levels
7.0 or 8.0, and such an expression pattern was in-
dependent of temperature (Fig. 4). These results suggested
that the effect of temperature on MrLip5 is marginal.

DISCUSSION

M. restricta possesses a total of 12 lipase genes, and
among these, MrLIP5 is the most frequently expressed on
dandruff scalp, suggesting the importance of MrLip5 en-
zyme activity at the fungal and skin surface interface'*.
MrLip5 belongs to the LIP family (PF03583) of lipases.
Interestingly, lipases that have been shown to be asso-
ciated with virulence in C. albicans also belong to the LIP
family lipase'®. In particular, MrLip5 is the most similar to
Calip4. CallP4 is expressed in C. albicans-infected tissues
during orogastric candidiasis in mice and in human pa-
tients suffering from oral candidiasis, suggesting an associ-
ation of CaLip4 with virulence®'*?. These observations in-
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pH 5.0 pH 7.0 pH 8.0
Temp. (°C) 34 37 34 37 34 37

Fig. 4. MrLip5 expression at varying temperatures and pH values.
Expression levels of MrLip5 in Malassezia restricta KCTC 27527
cells grown in media at pH 5.0, 7.0, and 8.0 at 34°C or 37°C
were analyzed by western blot analysis using MrLip5-specific
anti-serum (upper panel). A total of 20 g of protein samples
were loaded on SDS-PAGE gels, and membranes were stained
with copper phthalocyanine-3,4/,4”7,4”"-tetrasulfonic acid tetraso-
dium (CPTA) to ensure equivalent loading (lower panel). Re-
presentative data from two independent experiments are shown.
Temp.: temperature.

volving C. albicans support our hypothesis that MrLip5
plays an important role in virulence of M. restricta on the
skin surfaces under different environmental conditions,
specifically pH and temperature, that influence skin.
Normal pH levels range from 5.0~ 5.9 in healthy skin, de-
pending on anatomical site, age and gender, whereas
these values can be elevated in diseased skin surfaces*™*.
Examples include elevated pH of whole-body surfaces in
children with seborrheic dermatitis, atopic eczema, and
xeroderma compared with normal skin pH levels*. Addi-
tionally, significantly increased pH values are observed in
the skin of children with atopic dermatitis compared with
that of healthy children*®*’. Furthermore, pH influences
activity of the lipase in various pathogenic microorganisms.
For instance, the optimum pH for Rv0183, a Mycobacte-
rium tuberculosis lipase that degrades host cell lipids to
ensure its intracellular survival within phagocytes, is be-
tween 7.5 and 9.0%.

The results of our study showed that both activity and sta-
bility of MrLip5 are highest under weak alkaline pH, but
are significantly diminished under acidic and strong alka-
line pH, suggesting that the lipase may exhibit greater ac-
tivity at alkaline skin pH levels. We should note that the
optimum pH of MrLip5 differed from that of another iden-
tified lipase, MrLip1, which displays highest activation
and expression at pH 5.0, indicating that MrLip5 and
MrLip1 act under different skin conditions and may play
different roles®. In addition, we showed that the ex-
pression of MrLip5 was higher under alkaline pH con-
ditions than under acidic pH. These results suggest that
the expression and enzyme activity of MrLip5 are pH-de-
pendent and that pH-dependent regulatory mechanisms
may govern the expression of lipases in M. restricta. In C.
albicans, signal transduction pathways and the tran-
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scription factor Rim101 governs sensing and responding
to ambient pH. Therefore, we assume that similar tran-
scriptional regulatory mechanisms may exist in M. re-
stricta™.

Moreover, the effect of temperature on the expression of
MrLip5 was also different from that on MrLip1 expression.
In M. restricta cells grown at pH 5.0, MrLip5 exhibited
lower expression levels than those in cells grown at pH
7.0 or 8.0. Considering that pH 5.0 and 34°C likely repre-
sent the normal human skin condition, MrLip5 might be
expressed to a lesser extent in the skin surfaces of healthy
individuals. Taken together with our previous results re-
garding the expression of MrLIP5 transcripts in subjects
with severe dandruff, our findings suggest a potential role
of MrLip5 in skin disease progression involving M. restricta.
We are aware that further functional characterization of
MrLip5, including virulence assays, remains to be carried
out. Nevertheless, we believe that our current data pro-
vide basic information to improve the understanding of
the roles of M. restricta lipases in the progression of skin
diseases.
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