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ABSTRACT:

The cellular proteins of the 40 studied isolates of Malassezia furfur were electrophoretically analyzed on SDS-PAGE.
Analysis of the total cellular proteins from M. furfur isolates are grouped into two wide molecular weight range (11 - 112
kDa) . It is very interesting to notice that the band with molecular weight of 56 kDa may be specific to the type of tinea
versicolor. The cluster analysis based on cellular proteins data of M. globosa separated the seven isolates into 2 groups
according to the band with molecular weight 56 kDa, which is present in 6 cases (hyperpigmented) and absent in case (
hypopigmented ) lesions.

The polymorphism observed from RAPD markers revealed a high degree of genetic diversity in M. furfur and M. globosa
isolates collected from different patients having tinea versicolor infection. Only primer E (5'-TGCCGAGCTG-3') generated
a RAPD PCR banding pattern which allowed the identification of 6 different amplification groups within M. furfur and M.
globosa that could be used as diagnostic tool for different isolates of Malassezia..
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INTRODUCTION

Malassezia is a dimorphic fungus has a pathogenic (filamentous) and opportunist forms (yeast). In both forms the fungus
resides inside the stratum cornea where it is fed by free fatty acids, sebum triglycerides and keratinized epidermis.
Malassezia is a lipophilic fungus which requires the addition of lipidic substances in the middle of culture like olive oil (1).

Although pityriasis versicolor (PV) is of worldwide distribution, its frequency is variable and depends on different climate,
occupational and socioeconomic conditions (2). But it is particularly common in tropical (3) and subtropical countries. A
high percentage, up to 50% of the populations in certain regions of Central and South America, as well as parts of Africa
(4) were found to be highly affected. Singh and Nath (5) recorded that the incidence of tinea versicolor was about (14 %)
among other skin disease in India. In Brazil, pityriasis versicolor represented 20 % cases of superficial mycosis (6). In
Egypt, PV was found to be ranged in between (10-14%) among other skin diseases (7-8). However, El-Shanawany (9)
found that tinea versicolor in Assiut Governorate was markedly increased about 40.8 % among other dermatomycosis and
also he found the incidence of PV was 30 % in new valley governorate. Mubarak (10) showed that PV was found to be
35.7% among other dermatomycosis in El Gharbiah governorate. In contrast, only 0.5% of males and 0.3% of females
were found to be suffered from tinea versicolor in the course of a population survey in Sweden (11) and 1.9% of factory
workers examined in central Turkey presented with tinea versicolor lesions (12). In England, Nowiscki and Sadowska (13)
found that PV was common (10 %) in temperate areas. But in other temperate countries, the incidence of the disease is
much lower, representing up to 0.3 % patients seen by dermatologists during the summer months (14).

Several trials for the differentiation between different Malassezia species which cause various superficial disease including
pityriasis versicolor and seborrhoeic dermatitis were carried out (15). The application of a PCR — based technique using
restriction enzyme digestion for discrimination of different Malassezia species was employed by (16). Also, pulsed — field
gel electrophoresis is a technique that can reliably differentiate between Malassezia sp. Guillot (17) used single PCR—
restriction endonuclease analysis for rapid identification of Malassezia sp.

However, Makimura (18) identified Malassezia sp. using the DNA sequences of nuclear ribosomal internal transcribed
spacer regions. Boekhout (19) used molecular typing to differentiate between Malassezia species with RAPD PCR
technique.

Molecular typing could be particularly useful in solving epidemiological questions, for example revealing infective routes,
common sources of infection and areas of dissemination, as well as determining whether the original isolate is responsible
for reinfection or a new strain has been acquired (our work is in progress in these points). The aim of this study was
focused on assessing the genetic variability between Malassezia species different isolates at the biochemical and
molecular levels. Also, to assess the molecular epidemiology of Malassezia species using total cellular proteins and DNA
finger print have been applied, each one demonstrating interesting aspects of the dispersion and ecology of this genus.

MATERIALS AND METHODS
A. Isolation and culture techniques:

Samples were gathered from patients clinically diagnosed to have tinea versicolor under aseptic conditions (dermatology
department at Tanta University Hospital, Tanta, Egypt). The surface of the affected area was first cleaned with cotton
swab moistened with 70 % ethyl alcohol prior to sampling. Sterile scalpel was used to collect skin scrapings on sterile
glass slide (9). These were cultured on Sabouraud’s dextrose agar (SDA) medium; each 1 liter of distilled water contained
30 g dextrose, 10 g peptone, 20 g agar, and 0.5 g from each chloramphenicol and cycloheximide were added to avoid
bacterial contamination (20-21). Few drops of olive oil (100 pl) must be added to enhance yeast growth (22-23-24). The
plates were incubated at 37 ‘C for 4 to 15 days.

B. Identification of yeasts

All cultured yeast plates were examined and identified by macroscopic and microscopic features. Also, physiological
characteristics of yeast isolates (catalase test) and biochemical criteria (esculin and lipid assimilation tests) were carried
out. The following references were used for the identification of the isolated yeasts (25-26-27-28-29).

C. Statistical analysis:

Statistical analysis was carried out to analyze the data of tinea versicolor infection through Anova — test (Oneway, twoway,
multiway) and L.S.R calculations that were performed using SAS software for windows, version 6.12 © 1985.

D. Biochemical and molecular analysis:

A. Total cellular protein profile of Malassezia isolates by SDS polyacrylamide gel
electrophoresis technique:

Polyacrylamide gel electrophoresis (PAGE) was used to determine quantitative and qualitative changes that occur in the
soluble proteins of the isolates.

750 |Page October 16, 2014



J ISSN 2347-6893

i. Extraction of yeast protein:

Protein was extracted from Malassezia furfur and Malassezia globosa previously grown on liquid YPD (1 % yeast extract,
2 % peptone, 2 % glucose; a according to Kushnirov (30). Yeast cells were harvested by centrifugation from liquid culture.
These cells were resuspended in 100 ml distilled water, 100 ml of 0.2 M NaOH was added, incubated for 5 min at room
temperature, pelleted, resuspended in 50 ml SDS sample buffer (0.06 M Tris HCI pH = 6.8, 5 % glycerol, 2 % SDS, 4 % B-
mercaptoethanol, 0.0025 % bromophenol blue), boiled for 3 min and pelleted again. Protein content of supernatant was
loaded into electrophoresis unit and the protein concentration was estimated according to the method of (Bradford) (31).

ii. Protein electrophoresis:

Preparation of gels (Hoefer SE 600) was made as described by Laemmli (32). Six pl of the crude protein solution was
applied to the wells of the stacking gel. The samples covered with electrode buffer. Molecular weight protein ( SIGMA )
was used as a standard, then gels were stained and destained by conventional method used in this respect. Gel was
scanned for molecular weight and quantity of bands was determined by using gel documentation system (AAB Advanced
American Biotechnology 1166 E. Valencia Dr. Unit 6¢, Fullerton CA 92631). The different molecular weights of bands were
determined using standard marker by UPGMA clustering using Systat software for windows, version 7.1 © 1997.

B. DNA fingerprint of Malassezia isolates by RAPD-PCR technique:
i. DNA isolation and RAPD technique:

DNA isolated from 6 different isolates of Malassezia sp. (4 isolates of M. furfur and 2 isolates of M. globosa, one isolate
from each group of the cluster analysis resulting from previous total cellular protein of all isolates) using Qiagen Kit
(Clinilab, Cairo Egypt) for DNA extraction. The extracted DNA was dissolved in 100 pl of elution buffer. The concentration
and purity of the obtained DNA was determined by "Gen quanta" system-pharmacia Biotech. The purity of the DNA for all
samples was between 90-97% and the ratio between 1.7-1.8. Concentration was adjusted at 6 ng/ul for all samples using
Tris base EDTA buffer (pH 8.0).

ii. Random amplified polymorphic DNA technique (RAPD):

Polymerase chain reaction (PCR) mixture was prepared with PCR beads tablet (manufactured by Amersham Pharmacia
Biotech), which containing all of the necessary reagents except the DNA template and the primer, which added to the
tablet. Thirty nanogram (ng) from the extracted fungal DNA were used for amplification reaction. 5ul of the random primer
(15ng/ml) were added to a PCR bead tablets. The sequences of used primers were as follows: Primer A: 5'-
ACCTGAACGG-3', Primer B: 5'-CCTTGACGCA-3', Primer C: 5-GAGAGCCAAC-3', Primer D: 5-AGCCAGCGAA-3' and
Primer E: 5-TGCCGAGCTG-3'

The total volume was completed to 25ul using sterile distilled water. The amplification protocol was carried out
according to Williams, et al (33) using PCR unit Il biometra: a- Denaturation was at 95°C for 5 min (one cycle), b- The
following steps consist of 45 cycle each: 1-Denaturation was at 95°C for 1 min, 2-Annealing was at 36°C for 1 min, 3-
Extension was at 72°C for 2 min, c-Final extension was at 72°C for 5min (one cycle) and d- Hold at 4°C. 7pl of 6x tracking
buffer (manufactured by Qiagen Kit) were added to 25 pl of the amplification product.

iii. Amplification product analysis:

The amplified DNA samples were electrophoresed (15pl) using horizontal electrophoresis unit (WIDE mini-
sub-cell GT bio-RAD) on 1% agarose gel containing Ethidium Bromide (0.5 pg/ml), at 75 constant volt, and determined
with ultra violet transillminator, then gels were photographed. Electrophoresis buffer was TBE 10x pH=8.3.

iv. Gel analysis:

Gel was scanned, to determine the size of bands (bp) by using gel documentation system AAB (Advanced American
Biotechnology 1166 E. Valencia Dr. unit 6C, Fullerton CA J2631). The different sizes of bands were determined using
DNA standard (one kilo base marker) with molecular size 1300, 1200, 1000, 900, 800, 700, 600, 500, 400, 300, 200, and
100 bp by UPGMA clustering using Systat software for windows, version 7.1 © 1997.

RESULTS

Tinea versicolor was clinically diagnosed in 47 patients coming to the outpatient clinic of dermatology department at Tanta
University Hospital, Tanta, Egypt during the year of study (January 2008 to December 2008) through one weekly visit, and
were confirmed as M. furfur; 40 isolates and 7 isolates of M. globosa by positive culture results for yeast growth (Data to
be presented elsewhere).

Il. Biochemical and molecular analysis:

A. Total cellular protein profile of Malassezia isolates by SDS polyacrylamide gel
electrophoresis technique:
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i. SDS-PAGE profile of 40 M. furfur isolates:

The cellular proteins of the 40 studied isolates of M. furfur were electrophoretically analyzed on SDS-PAGE. The extracted
proteins were fractionated using one dimensional SDS-PAGE. The SDS-PAGE banding patterns and the survey for the
cellular proteins bands of the 40 isolates are shown in fig (1) and table (1).
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Figurel. SDS-PAGE band survey for the total cellular proteins extracted from each of the 40 isolates of M. furfur of tinea
versicolor lesions (from 1 to 40) during the year of study (2008), and a standard protein markers mixture (M) with
molecular weights of:116 kDa: B-galactosidase, 114 kDa: E. coli Hmpl protein, 112 kDa: IgE seral immunoglobulin
(against Mycoplasma antigen), 91 kDa: IgA linear immunoglobulin (against bullous disease antigen), 72 kDa: mammalian
heat shock cognate protein (prp72), 59 kDa: eurofilament protein, 34 kDa: Soy bean seed oil-associated protein and 14.4
kDa: Lipoprotein lipase.
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Table 1. SDS-PAGE band survey for the total cellular proteins extracted from each of the 40 isolates
of M. furfur of tinea versicolor lesions during the year of study (2008)

Isolate Band number
no. 1 [ 2 [ 3] 4[5 678911213714
Band mol. wt. (kDa)

112 | 105 | 102 | 95 90 79 60 56 48 34 31 25 14 11
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 1 1 1 1 1 1 1 0 1 1 1 1 1 1
3 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4 1 1 1 1 1 1 1 0 1 1 1 1 1 1
5 1 1 1 1 1 1 1 0 1 1 1 1 1 1
6 1 1 1 1 1 1 1 1 1 1 1 1 1 1
7 1 1 1 1 1 1 1 0 1 1 1 1 1 1
8 1 1 1 1 1 1 1 0 1 1 1 1 1 1
9 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 1 1 1 1 1 1 1 0 1 1 1 1 1 1
11 1 1 1 1 1 1 1 0 1 1 1 1 1 1
12 1 1 1 1 1 1 1 1 1 1 1 1 1 1
13 1 1 1 1 1 1 1 0 1 1 1 1 1 1
14 1 ! 1 1 1 1 1 0 1 1 b 1 1 1
15 1 1 1 1 1 1 1 1 1 1 1 1 1 1
16 1 1 1 1 1 1 1 0 1 1 1 1 1 1
17 1 1 1 1 1 1 1 0 1 1 1 1 1 1
18 1 1 1 1 1 1 1 1 I 1 1 1 1 1
19 1 1 1 1 1 1 1 0 1 1 il 1 1 1
20 1 1 1 1 1 1 1 0 1 1 1 1 1 1
21 1 1 1 1 1 1 1 1 1 15 1 1 1 1
22 1 1 1 1 1 1 1 0 i 1 1 1 1 1
23 1 1 1 1 1 1 1 i’ 1 1 1 1 1 1
24 0 0 0 0 0 0 1 1 0 1 1 1 0 0
25 1 1 1 it 1 1 1 1 1 1 1 1 1 1
26 1 1 1 1 1 1 1 0 ! 1 1 1 1 1
27 1 1 1 1 1 1 i 1 1 1 1 1 1 1
28 il 1 1 1 1 1 1 0 1 1! 1 1 1 i
29 1 1 1 1 1 . . 1 1 1 1 1 1 i
30 1 1 1 il 1 1 1 0 1 il 1 1 1 1
31 l 1 1 it 1 1 s 0 ! 1 1 1 1 1
32 il i 1 1 1 1 il 1 i 1 1 1 1 1
33 dl 1 1 i 1 1 1 0 1 1 ! 1 1 1
34 1 1 1 1 1 1 il 1 1 1 1 1 1 1
35 1 1 il 1 1 1 1 1 1 1 ! 1 1 1
36 1 1 i 1 1 pl 1 1 1 1 1 1 1 1
37 AL 1 il 1 1 1 0 0 1 1 1 1 1 »
38 1 1 1 1 1 1 1 1 ! 1 1 1 1 1
39 1 1 1 1 1 1 0 0 1 1 1 1 1 1
40 1 1 i 1 1 1 0 0 1 1 1 1 1 1
T 39 39 39 39 39 39 37 18 39 40 40 40 39 39

The isolates share a number of bands. These bands may be species specific bands. The banding patterns showed a total
number of 14 bands with molecular weights range from 11 to 112 kDa. Data showed that the bands were monomorphic
with range from 45% in some isolates to 100% in other isolates.

The frequency of each band was little different whereas the bands with molecular weight of (112, 105, 102, 95, 90, 79, 60,
48, 34, 31, 25, 14, 11 kDa) recorded the highest frequency between the 40 isolates. On the other hand, one band
exhibited the lowest frequency (56 kDa) as shown in table (1).

The bands that show highest frequency with molecular weight (34, 31, 25 kDa) was found in 40 isolates and those with
molecular weight (112, 105, 102, 95, 90, 79, 48, 11 kDa) was found in 39 isolates, while the band with molecular weight
(60 kDa) was found in 37 isolates out of 40 isolates. On the other hand, the band that exhibited the lowest frequency (56
kDa) was found in 18 isolates.

A cluster analysis was performed using the UPGMA clustering as a means of visualizing relationships in the data. The
cluster analysis based on cellular proteins data separated the isolates of M. furfur into 2 clusters as shown in figure (2).
The first cluster included isolates no. (2, 4, 5, 7, 8, 10, 11, 13, 14, 16, 17, 19, 20, 22, 26, 28, 30, 31, 33, 37, 39, 40).
The second cluster included the isolates no. (1, 3, 6, 9, 12, 15, 18, 21, 23, 24, 25, 27, 29, 32, 34, 35, 36, 38). It is very
interesting to notice that the band with molecular weight of 56 kDa may be specific to the type of tinea versicolor lesions as
this band was found in isolates of hyperpigmented lesions (second cluster) and absent in isolates of hypopigmented one
(first cluster) and this is the reason for classifying the isolates into 2 clusters. By drawing an arbitrary line at a genetic
distance of 0.25 the isolates are classified in four groups as in figure (2).
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Figure. 2. Dendrogram derived from cluster analysis (UPGMA), showing relationship among the 40
isolates of M. furfur during the year of study (2008).

It was found according to patient history that isolates no. (37, 39, 40) in group no. 1 for patients in between 40 to 50

years old having hypo-pigmented tinea versicolor and isolate no. (24) in group no 4 were for only patient of 65 years old

taking anti-depressive drugs having hyperpigmented tinea versicolor, while the rest of the isolates (group no. 2, 3) were
for patients in range 6 - 40 years old having hypo and hyper-pigmented tinea versicolor, respectively.

This data proves that there may be a sort of relationship between phenotype produced by protein analysis of isolates,
factors affecting human tinea versicolor infection and type of lesions.

ii. SDS — PAGE profile of 7 M. globosa isolates:

The cellular protein of 7 isolates of M. globosa analyzed on SDS — PAGE as in fig (3). The isolates share a number of
bands. These bands may be species specific bands. The banding patterns showed a total number of 11 bands with
molecular weight range from (14.4 — 112 kDa).
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Figure 3. SDS-PAGE band survey for the total cellular proteins extracted from each of the 7 isolates of M. globosa of tinea
versicolor lesions (from 1 to 7) during the year of study (2008), and a standard protein markers mixture (M) with molecular
weights of: 116 kDa: B-galactosidase, 114 kDa: E. coli Hmpl protein, 112 kDa: IgE seral immunoglobulin (against
Mycoplasma antigen), 91 kDa: IgA linear immunoglobulin (against bullous disease antigen), 72 kDa: mammalian heat
shock cognate protein (prp72), 59 kDa: eurofilament protein, 34 kDa: Soy bean seed oil-associated protein, 14.4 kDa:
Lipoprotein lipase.

The frequency of each band was little different. Whereas the bands with molecular weight of (112, 95, 91, 87, 78, 66, 59,
34) showed the highest frequency that were found in 7 isolates, and that with molecular weight (56 kDa) was found in 6
isolates (isolates no. 2, 3, 4, 5, 6, 7), while the bands with molecular weight (29 and 4.4 kDa) was found in 1 isolate
(isolate no. 1) as shown in table (2).

Table 2. SDS-PAGE band survey for the total cellular proteins extracted from each of the 7 isolates of M. globosa of tinea
versicolor lesions during the year of study (2008)

Isolate Band number
no. 1 2 3 4 5 6 7 8 9 |10 | 11
Band mol. wt. (kDa)
112 | 95 | 91 | 87 | 78 | 66 | 59 | 56 | 34 | 29 | 44
1 1 i, 1 1 1 1 1 0 1 1 1
2 1 1 1 1 1 1 1 1 1 0 0
3 1 1 1 1 1 i 1 1 1 0 0
4 1 1 1 1 1 1 1 1 1 0 0
5 1 1 1 1 1 1 1 1 1 0 0
6 1 1 1 1 1 1 1 1 1 0 0
7 1 1 1 1 1 1 1 1 1 0 0
T 7 7 7 7 7 7 7 6 7 1 1

The cluster analysis based on cellular proteins data separated the isolates of M. globosa into 2 clusters. The first cluster
included isolate no.1. The second cluster included the rest of the isolates. By drawing an arbitrary line at genetic distance
of 0.35 the isolates are classified into 2 groups as in figure (4).
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Figure 4.Dendrogram derived from cluster analysis (UPGMA), showing relationship among the 7 isolates of M. globosa
during the year of study (2008).

It is very interesting also to notice the band with molecular weight of 56kDa may be specific to type of tinea versicolor
lesion as this band was found in hyperpigmented lesion (as in isolates no. 2, 3, 4, 5, 6, 7) and absent in hypopigmented
one (as in isolate no. 1). Interestingly, we found that isolate no. 1 was a pregnant woman versus the rest of isolates that
were men and this may be the cause for the presence of bands with molecular weight (29 and 4.4 kDa) in this isolate and
absent in other isolates. So, this data also proves that there is a sort of relationship between the phenotypes of isolates
and type of lesions.

B. DNA fingerprint of Malassezia isolates by RAPD-PCR technique:

Genomic DNA was extracted from a subset of 6 isolates (4 isolates of M. furfur no. 40, 16, 18, 24) and 2 isolates (no.1
and 5) of M. globosa. DNA amplification was performed using five random primers of 10 nucleotides. One primer resulted
in appearance of PCR products with varied numbers of DNA fragments and the other four primers didn't give any
variations. The resulted amplified fragments are shown in figs (5) and (6).
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Figure 5. RAPD-PCR band survey for the DNA finger prints of representative samples for M. furfur
(isolates no. 40, 16, 18, 24) and M. globosa (isolates no. 1, 5), isolated from tinea versicolor lesions
during the year of study (2008), using different random primers.Primer (a)= 5-ACCTGAACGG-3/,
Primer (b)= 5-CCTTGACGCA-3', Primer (c¢)= 5-GAGAGCCAAC-3, Primer (d)= 5"
AGCCAGCGAA-3.
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Figure 6. RAPD-PCR band survey for the DNA finger prints of representative samples for M. furfur (isolates
no. 40, 16, 18, 24) and M. globosa (isolates no. 1, 5), isolated from tinea versicolor lesions during the year of
study (2008), using primer (e).

M= one kilo base DNA marker mixture.

Primer (e)= 5-TGCCGAGCTG-3'.

The number of amplified DNA fragments was differed due to different primers and different isolates. The highest total
number of bands identified by the five primers used was 14, for isolates no. 18, 24 of M. furfur and no. 5 of M. globosa;
and the lowest number was 9, for isolate no. 16 of M. furfur.

Genomic DNA was extracted from a subset of 6 isolates (4 isolates of M. furfur no. 40, 16, 18, 24) and 2 isolates (no.1 and
5) of M. globosa. DNA amplification was performed using five random primers of 10 nucleotides. One primer resulted in
appearance of PCR products with varied numbers of DNA fragments and the other four primers didn’t give any variations.
The number of amplified DNA fragments was differed due to different primers and different isolates. The highest total
number of bands identified by the five primers used was 14, for isolates no. 18, 24 of M. furfur and no. 5 of M. globosa;
and the lowest number was 9, for isolate no. 16 of M. furfur.

Furthermore, primer E (5-TGCCGAGCTG-3') produced the highest number of bands among the 5 primers, with a total of
18 bands as in table (3).
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Table 3. RAPD-PCR band survey for the DNA finger prints of representative samples for

Malassezia sp., isolated from tinea versicolor lesions during the year of study (2008), using primer
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G: f-1= M. furfur isolate no. 40, G: f-2= M. furfur isolate no. 16,
G: f-3= M. furfur isolate no. 18, G: f-4= M. furfur isolate no. 24;
G: g-1= M. globosa isolate no. 1, G: g-2= M. globosa isolate no. 5.

The amplification profiles of all isolates were polymorphic with primer E as in fig (6). Each isolate gave different DNA
profile. The cluster analysis of the DNA fragments produced by primer E is shown in figure (7).
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Figure 7. Dendrogram derived from cluster analysis (UPGMA), showing relationship among the
DNA finger prints of representative samples for Malassezia sp., isolated from tinea versicolor lesions
during the year of study (2008), using primer: E (5-TGCCGAGCTG-3)).

The dendogram classified the isolates into 2 clusters. By drawing an arbitrary line at a distance of 0.28, the RAPD primer
E identified the isolates into six genetic groups but the results generated by the other primers did not separate the genetic
group that defined by this primer, as G:f-1 refers to patients in between 40 to 50 years old had hypopigmented lesions of
tinea versicolor caused by M. furfur, G:f-2 refers to patients in range 6-40 years old had hypopigmented lesions of tinea
versicolor caused by M. furfur, G:f-3 refers to patients in range 6-40 years old had hyperpigmented lesions of tinea
versicolor caused by M. furfur, G:f-4 refers to patient of 65 years old taking anti-depressive drugs had hyperpigmented
lesions of tinea versicolor caused by M. furfur, G:g-1 refers to patient had hypopigmented lesions of tinea versicolor
caused by M. globosa, and G:g-2 refers to patient had hyper pigmented lesions of tinea versicolor caused by M. globosa.

By comparing the total cellular protein of isolates with RAPD genotypes, an association was found between them
especially in primer E as it gave the same six groups of those obtained from total protein by SDS- PAGE.

So, the present work provide evidence for the association between RAPD bands, factors affecting human tinea versicolor
infection and type of lesions, it is possible that the variant bands of the amplification products of the isolates may be linked
to the factors affecting tinea versicolor that may be expressed by genes.

DISCUSSION

The electrophoretic separation of protein is a useful tool for differentiating fungal taxa, also can be used to evaluate levels
of genetic diversity and systematic relationships (34). In our present study, the electrophoretic analysis of the total cellular
proteins of the 40 examined isolates of M. furfur demonstrated that all isolates showed a similarity in electrophoretic
pattern with range from 45 % in some isolates to 100 % in other isolates. Almost similar data was obtained from study
carried on different isolates of Malassezia pachydermatis (35). In the present study the cellular protein from M. furfur
isolates are grouped within a relatively wide molecular weight range (11 - 112 kDa) compared with the molecular weight
range (16 - 141 kDa ) which reported by.35 This contradiction in data could be attributed to the variation in the
temperature conditions, time of incubation for each fungus; these parameters were found to have a great efficacy on the
electrophoretic patterns of microorganisms (36). Our recent work represents that in case of M. furfur, many of protein
bands exhibited high frequency but the protein band that exhibited the lowest frequency was the band with molecular
weight of 56 kDa. This band was present in hyperpigmented lesions in 18 isolates and absent in 22 isolates which are
hypopigmented. This data proved that this band of molecular weight 56 kDa may be related to the action of some
enzymes that secreted by Malassezia affecting melanocytes and causing cosmetic disrupting leading to the appearance
of hypo and hyperpigmented lesion. Moreover, we noticed that the band with molecular weight 60 kDa was present only in
3 isolates of patients in between 40 to 50 years old (isolate n0.37, 39, 40). Also, we found that the bands with molecular
weight (112, 105, 102, 95, 90, 79, 48, 14, 11 kDa) was absent in isolate no. 24 of patient of 65 years old taking anti-
depressive drugs. So it could be concluded that these bands may be correlated to the factors affecting patients of tinea
versicolor.
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Also, the electrophoretic analysis of the total cellular proteins of the seven examined isolates of M. globosa demonstrated
that the frequency of protein bands was little different in some isolates and similar in others with molecular weight range
from (14.4 - 112 kDa).

As previously reported, electrophoretic patterns of the cellular proteins of M. furfur isolates covered a relatively wide
molecular weight range extended from (11 -112 kDa) and from (14.4 - 112 kDa) in M. globosa. However, the range of the
cellular proteins in fungi distinctly varied from species to another and even between the isolates at the same species, as it
covers a range of molecular weight varying from14.4 to 200 kDa in four isolates of species of Candida sp.36 and 18 — 66
kDa in Candida albicans.35 This may be partly attributed to genetics of the examined microorganisms and partly to the
culture conditions as well as other growing agents

The cluster analysis based on cellular proteins data of M. globosa separated the seven isolates into 2 groups according to
the band with molecular weight 56 kDa, which is present in 6 cases ( hyperpigmented ) and absent in case (
hypopigmented ). Also, we found that the bands with molecular weight (29, 4.4 kDA) was present in isolate no. 1 of
pregnant woman and absent in the rest men isolates (no. 2, 3, 4, 5, 6, 7). Combining all these data together showed that
there may be a relationship between phenotype produced by protein analysis of isolates, type of lesions, and factors
affecting human tinea versicolor infection.

The analysis of the electrophoretic protein profiles combining computer static program enabled the identification,
classification and even the reclassification of a number of strains, species and genera of bacteria and yeast in taxonomic
and epidemiological studies (37-38-39-40-41-42).

The advent of DNA-based molecular methods provided useful tools with which to study the phylogeny of microorganisms
and to differentiate species, formae speciales, races and strains. RAPD markers have been previously used to study intra-
specific variation of Malassezia sp (43-44-45-46-47).

The polymorphism observed from RAPD markers revealed a high degree of genetic diversity in M. furfur and M. globosa
isolates collected from different patients having tinea versicolor infection. This was consistent with the considerable
genetic variation among the isolates of M. furfur from patients of pityriasis versicolor and seborrhoeic dermatitis as
reported by (48). Additionally, Durate and Hamdan (49) have analysed the DNA profile of Malassezia furfur, Malassezia
slooffiae and Malassezia pachydermatis by random amplified polymorphic DNA (RAPD)-PCR to compare the genetic
diversity between isolates from the external ears of cattle, dogs and humans. The analysis showed genetic heterogeneity
between RAPD profiles of Malassezia furfur and Malassezia slooffiae isolates from humans and cattle and between
Malassezia pachydermatis isolates from dogs and cattle. Intra-species variations in DNA pattern of Malassezia isolates
and the presence of specific genetic types in cattle, dogs or humans were observed. A review of genetic heterogeneity of
these yeast in veterinary and human medicine studies is given considering a possible transmission animal to human or
human to animal. Phenetic characteristics often do not allow the identification or delineation of closely related Malassezia
spp., such that molecular tools need to be used to assist in fundamental studies of the epidemiology and ecology
of Malassezia as well as aspects of the pathogenesis and disease caused by members of this genus (50). They reviewed
the morphological and biochemical methods commonly used for the identification of Malassezia as well as DNA
technological methods that have been established for the specific identification of members of this genus and the
diagnosis of their infections. New avenues for the development of improved molecular-diagnostic methods to overcome
diagnostic limitations and to underpin fundamental investigations development of improved molecular-diagnostic methods
to overcome diagnostic limitations and to underpin fundamental investigations of this interesting group of yeasts are
proposed.

Only primer E (5'-TGCCGAGCTG-3') generated a RAPD banding pattern which allowed the identification of 6 different
amplification groups within M. furfur and M. globosa.This primer can be used for the development of a PCR-based
molecular diagnostic tool for different isolates of M. furfur and M. globosa, as it is used as a probe in molecular
hybridization analysis. By comparing the total cellular protein of isolates with RAPD genotypes, an association was found
between them especially in primer E as it gave the same six groups of those obtained from total protein by SDS- PAGE.

The current data provide evidence for the association between RAPD bands, factors affecting human tinea versicolor
infection and type of lesions, it is possible that the variant bands of the amplification products of the isolates may be linked
to the factors affecting tinea versicolor that may be expressed by genes. Sugita et al. (51) compared the genotypes of M.
globosa colonizing the skin surface of 32 atopic dermatitis (AD) patients and 20 healthy individuals for polymorphism of
the intergenic spacer (IGS) 1 region of the rRNA gene. Sequence analysis demonstrated that M. globosa was divided into
four major groups, which corresponded to the sources of the samples, on the phylogenetic tree. Of the four groups, two
were from AD patients and one was from healthy subjects. These findings suggest that a specific genotype of M. globosa
may play a significant role in AD, although M. globosa commonly colonizes both AD patients and healthy subjects.

There was a correlation between RAPD patterns and factors affected the studied isolates of tinea versicolor patients. The
results from RAPD analysis and total cellular protein analysis were similar and suggest a considerable genetic diversity
among isolates of M. furfur and M. globosa. From the results of these two methods of analysis, we noticed that there was
a relationship between genotype and phenotype with the factors affecting human tinea versicolor infection and type of
lesions.
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