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Genotype Analysis of Malassezia restricta as the
Major Cutaneous Flora in Patients with Atopic
Dermatitis and Healthy Subjects
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Abstract: Lipophilic yeasts of the genus Malassezia colonize the skin surface of humans and are an exacer-
bating factor in atopic dermatitis (AD). Two species, M. restricta and M. globosa are major cutaneous
microflora in both AD patients and healthy subjects. We compared the DNA sequences of the intergenic
spacer (IGS) region, located between the 26S and 5S rRNA genes of M. restricta colonizing the skin sur-
faces of 13 AD patients and 12 healthy subjects, and of three CBS stock strains as references. The IGS 1
sequences were divided into two major groups, corresponding to AD patients and healthy subjects. These
findings suggest that a specific genotype of M. restricta plays a significant role in AD, although M. restricta
commonly colonizes both AD patients and healthy subjects.
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Lipophilic yeasts in the genus Malassezia are part of
the normal human cutaneous microflora and are isolated
from sebaceous-rich areas, particularly the chest, back,
and head. They are a causative factor in pityriasis versi-
color and seborrheic dermatitis (1, 4). In addition,
Malassezia species are also thought to exacerbate
atopic dermatitis (AD), based on findings that AD
patients have specific serum IgE antibodies to
Malassezia (11, 21, 22). Application of topical antifun-
gal agents by AD patients decreases Malassezia colo-
nization and the severity of eczematous lesions (2), sug-
gesting that Malassezia species play a role in AD. We
have analyzed the cutaneous Malassezia microflora of
AD patients and healthy subjects using a non-culture
method (nested PCR) (16). While M. restricta and M.
globosa were detected in approximately 90% of the AD
patients, other Malassezia species were found in fewer
than 40%. In addition, we analyzed the DNA sequence
divergence of the IGS region, which is located between
the 26S and 5S rRNA genes of M. globosa, and found
that the IGS sequence of M. globosa from AD patients
differed from that from healthy subjects (19). These
findings suggest that a specific genotype of this
microorganism plays a significant role in AD.

*Address correspondence to Dr. Takashi Sugita, Department of
Microbiology, Meiji Pharmaceutical University, 2-522—1 Noshio,
Kiyose, Tokyo 204-8588, Japan. Fax: +81-424-95-8762. E-mail:
sugita@my-pharm.ac.jp

755

This paper describes the genotype of one of the
major Malassezia microflora species, M. restricta,
obtained from the skin of AD patients and healthy sub-
jects.

Materials and Methods

Direct DNA sequencing of the IGS 1 region of M.
restricta stock strains. Three stock strains obtained
from the Centraalbureau voor Schimmelcultures
(Utrecht, The Netherlands) were analyzed: CBS 7877
(type strain of M. restricta), CBS 7991, and CBS 8747.
The first two were isolated from the skin of a healthy
subject in the UK, and the third was from the scalp of a
healthy subject in Canada (http://www.cbs.knaw.nl/).
Genomic DNA was extracted using the method of
Makimura et al. (12). The IGS region containing 5S
rDNA was amplified from each strain using the primer
pair 26SBF (5-AGCTGCTGCCAATGCTAGCTC) and
Mala-R (5-TACTGCTGTGAATGCTCCAGC) (18).
The PCR products were sequenced using an ABI 310
DNA sequencer and a BigDye Terminator Cycle
Sequencing Ready Reaction kit version 3.1 (Perkin-
Elmer Applied Biosystems, Calif., U.S.A.) according to
the manufacturer’s instructions.

Abbreviations: AD, atopic dermatitis; CBS, Centraalbureau
voor Schimmelcultures; IGS, intergenic spacer.
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Subjects. Thirteen AD outpatients (9 males, 4
females; aged 20 to 64 years, mean age 33.9*11.3
years) at Tokyo Medical University Hospital and 12
healthy students (3 males, 9 females; aged 19 to 23
years, mean age 20.7+1.5 years) at Meiji Pharmaceuti-
cal University were involved in this study. AD was
diagnosed according to the criteria of Hanifin and Rajka
(6), and samples were collected from erythematous
lesions on the face and neck. Routine skin care, includ-
ing intermittent applications of mild steroid ointment or
petrolatum, was administered before sampling. Writ-
ten informed consent was obtained from each subject.

Sequencing IGS 1 region from samples. Malassezia
samples were collected by applying transparent OpSite
dressing (Smith and Nephew Medical, Ltd., Hull, U.K.),
and fungal DNA was extracted from the OpSite dressing
as described previously (16). The species-specific
primer pair: Res-IGS-1F (5-CGACCTAGTCGACTA-
CATCCTAC) and Res-IGS-1R (5-ATGAGGAGGAA-
AGGCAGGCAAG) were designed from the IGS 1
sequence analysis. The DNA pellet was resuspended
in 30 ul of TE (10-mm Tris-HC1 [pH 8.0], I-mm EDTA
[pH 8.0]). The DNA extracted (10 pl) from each sam-
ple was added to 40 ul of PCR master mixture, which
consisted of 5 ul of 10X PCR buffer (TaKaRa), 4 ul of
200-um deoxynucleoside triphosphates, 10 pmol of
each primer, and 0.5 U of TaKaRa Ex 7ag DNA poly-
merase (TaKaRa). PCR was performed with an initial
denaturation at 94 C for 1 min, followed by 30 cycles of
30 sec at 94 C, 1 min at 54 C, and 30 sec at 72 C, and a
final extension at 72 C for 10 min. The PCR products
were cloned using a TA Cloning Kit (Invitrogen Corp.,
Calif., U.S.A.) and three positive clones were
sequenced.

Molecular phylogenetic analysis. The sequences of
the IGS 1 region obtained from the samples of AD
patients and healthy subjects were aligned using Clustal
W (20). For neighbor-joining analysis (13), the dis-
tances between sequences were calculated using Kimu-
ra’s two-parameter model (8). A bootstrap analysis was
conducted with 100 replications (5).

Formation of chimeric molecules. To confirm
whether chimeric molecules formed under the PCR
conditions used in this study, mixed genomic DNA
from known Malassezia species (M. dermatis, M. furfur,
M. globosa, M. japonica, M. obtusa, M. slooffiae, M.
sympodialis, M. pachydermatis, and M. yamatoensis)
was used for PCR co-amplification of the IGS region.
Then, the IGS amplified from the mixed genomes was
cloned; 30 clones were selected at random, and their
sequences were determined.

Results

IGS 1 Sequence Analysis of M. restricta

Stock strains. Complete sequences of the IGS 1
region were determined for three CBS stock strains of
M. restricta. Their sizes ranged from 620 to 661 bp. M.
restricta IGS 1 had two short sequence repeats (SSR) of
(CA)n and (CT)n at positions 125-134 and 178-189 in
the IGS sequence of strain CBS7877 (type strain),
respectively. The nucleotide sequences determined in
this study have been deposited with the DNA Data
Bank of Japan (DDBJ) under accession numbers
AB178809 (CBS7877), AB178808 (CBS7991), and
AB178810 (CBS8747).

Samples from subjects. Before the IGS sequence
analysis of the samples, formation of chimeric mole-
cules was investigated. Thirty clones were chosen at
random and sequenced; none were identified as a
chimeric molecule.  Using the PCR conditions
described above, 454- to 515-bp fragments were par-
tially amplified and analyzed. A phylogenetic tree was
constructed from 28 IGS 1 sequences obtained from the
samples of 13 AD patients, 12 healthy subjects, and
three CBS stock strains (Fig. 1). The tree consisted of
two major groups separated with 100% bootstrap sup-
port. Group 1 included 10 AD patients and three CBS
stock strains, and Group 2 contained all 12 healthy sub-
jects and three AD patients. The IGS 1 sequences
derived from the AD patients (Group 1) were more
diverse than those from the healthy subjects (Group 2).
An alignment of the partial sequences of representative
strains from Groups 1 and 2 is shown in Fig. 2. The
sequence similarity between the two groups was below
70%. Two SSRs, (CA)n and (CT)n, were also found in
the IGS 1 sequence from each sample. For both SSRs,
there were more sequence repeats in the IGS 1 region of
samples from the healthy subjects than from AD
patients: (CA)n, AD patients, 6.8 3.9 repeats; healthy
subjects, 14.7*+1.2 repeats; (CT)n, AD patients,
6.8+2.0 repeats; healthy subjects, 9.7*1.9 repeats.

Discussion

We have described differences in the IGS 1 geno-
types of M. restricta colonizing the skin surfaces of AD
patients and healthy subjects. rRNA gene sequences
have been used for molecular phylogeny, taxonomy,
and identification (10, 14). Of the subunits or regions in
this gene, the IGS region shows remarkable intraspecies
diversity. We have reported the analytical significance
of the IGS region using Cryptococcus neoformans and
Trichosporon asahii (15, 17). M. globosa, which is a
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Fig. 1. Phylogenetic tree of M. restricta colonizing the skin surfaces of AD patients and healthy subjects based
on DNA sequences of the IGS 1 region. AD, patient with atopic dermatitis; HS, healthy subject. The numbers
are the confidence levels from 100 replicate bootstrap samplings (frequencies less than 50% are not shown). K.,
Kimura’s parameter (8).
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Fig. 2. Alignment of the DNA sequences of the IGS 1 regions of representative sequences. AD, patient with
atopic dermatitis; HS, healthy subject. The SSRs are underlined: (CA)n and (CT)n.

major cutaneous microflora, also has four genotypes
(19). Of the four genotypes, two groups were found in
AD patients; one group was from healthy subjects, and
the other included samples from both AD patients and

healthy subjects. This suggests that a specific genotype
of M. globosa plays a significant role in AD. The pres-
ent study also indicates that the IGS genotype of M.
restricta obtained from AD patients is different from
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that of healthy subjects. Three CBS stock strains were
included in this study as reference strains; although they
were isolated from healthy subjects, they are located in
the AD cluster in the tree (Fig. 1). The CBS strains
were from British or Canadian subjects. It is still not
known whether our finding is specific for the Japanese
population, or the CBS strains are an exception. This
requires further analysis of M. restricta strains from
other countries. The M. restricta 1GS, like that of M.
globosa, also has SSRs that could be used to distinguish
microorganisms present in AD patients and healthy
individuals.

The reason for the difference in the genotypes found
in each population is unclear, but might reflect selection
against M. restricta strains. There are three possible
causes: (1) the effect of skin surface lipids, (2) the
effect of ointments or cream bases, or (3) antifungal
drug susceptibility. The main skin surface lipids are
triglycerides, squalene, wax esters, cholesterol,
ceramides, and free fatty acids (3). Although the lipid
composition in AD patients is generally not different
from that of healthy subjects, a significant decrease in
ceramide 1 and differences in the concentrations of the
related linoleate and oleate molecules have been report-
ed (7, 24). Such differences in composition might
affect colonization by Malassezia strains with different
lipid requirements. The base ingredient of an ointment
or cream can affect the growth of microorganisms, as
with the growth of M. furfur, M. globosa, and M. sym-
podialis (9), but effects on M. restricta are unknown.
Antifungal drug susceptibility might be responsible for
selection of strains. A correlation between antifungal
susceptibility and genotype has been reported in Candi-
da albicans (23). However, because no patient in this
study received antifungal therapy, this possibility can be
excluded.

In conclusion, our IGS sequence analysis showed
that the genotypes of M. restricta colonizing the skin
surface of AD patients and healthy subjects are signifi-
cantly different. Therefore, genotype should be consid-
ered when studying the relationship between M. restric-
ta and AD.
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