
 

 
IJM - Italian Journal of Mycology 
ISSN 2531-7342 - Vol. 53 (2024): 147 - 159  
Journal homepage: https://italianmycology.unibo.it/ 
 

Research article 

______________	
Department	of	Agricultural	and	Food	Science	in	partnership	with	the	Italian	Mycological	Society	(UMI).		
The	journal	is	hosted	and	maintained	by	AlmaDL.	©	2024	The	Authors.	This	work	is	licensed	under	CC	BY	4.0	 	

 

 

Molecular identification and extracellular enzyme production 
of Rhodotorula spp. 

 
Potjaman Pumeesat1, Laongdaw Nasom1, Kornkanok Thongdee1, Tawanwat Damnak1, 
Tanaporn Sirikhetkorn1, Paphichaya Unwong1, Sopida Benjamat1, San Suwanmanee2, 

Thanwa Wongsuk3 

 
1Department of Medical Technology, Faculty of Science and Technology,  Bansomdejchaopraya Rajabhat University, 
Bangkok, 10600, Thailand.  
2Department of Epidemiology, Faculty of Public Health, Mahidol University, Bangkok, 10400, Thailand. 
3Department of Clinical Pathology, Faculty of Medicine Vajira Hospital, Navamindradhiraj University, Bangkok, 10300, 
Thailand. 
 
Corresponding author e-mail: thanwa@nmu.ac.th 
______________________________________________________________________________ 

ARTICLE INFO 

Received 11/04/2024; accepted 25/08/2024 
https://doi.org/10.6092/issn.2531-7342/19363 
 
Abstract 
Rhodotorula spp. have been associated with human infections, particularly in individuals with weakened immune 
systems. This study aimed to identify 31 isolates of Rhodotorula spp. recovered from coin-operated washing machines. 
The tubs, lint filters, detergent drawers, and fabric softener drawers were swabbed and streaked on Sabouraud dextrose 
agar (SDA) supplemented with 0.05 g L-1 chloramphenicol. Identification of Rhodotorula spp. was performed by using 
polymerase chain reaction (PCR) with fungus-specific primers targeting the internal transcribed spacer (ITS; ITS1-5.8-
ITS2) regions. Moreover, the study investigated the production of extracellular enzymes, including phospholipase, 
esterase, and proteinase. The results showed that all 31 Rhodotorula spp. isolates grew well on SDA, forming round, 
smooth, moist mucoid, coral-red to salmon-colored colonies at 25 °C within 24 h. PCR analysis yielded approximately 
620 bp products, and sequencing analysis identified 25 Rhodotorula mucilaginosa (80.65%) and 6 Rhodotorula 
dairenensis (19.35%) isolates. In this study, all R. mucilaginosa and R. dairenensis showed strong (pz = 0.7‒0.76) to very 
strong phospholipase activity (pz < 0.69). There were 16 R. mucilaginosa and 3 R. dairenensis that demonstrated esterase 
activity levels ranging from weak (pz = 0.91) to very strong (pz < 0.69). Only 14 R. mucilaginosa isolates displayed 
proteinase activity levels ranging from weak (pz = 0.92) to very strong (pz < 0.69). Therefore, the results implied that the 
potential pathogenic fungi distributed in the environment, particularly washing machines, may cause individuals to be at 
risk of being infected with these opportunistic yeasts, especially immunocompromised patients. 
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Introduction 

Rhodotorula spp. are red or salmon-colored yeast-like fungi that are typically isolated from various 
natural environments including soil, seawater, freshwater, milk, fruits, and vegetables (Wirth and 
Goldani, 2012; Chreptowicz et al., 2019; Allahkarami et al., 2021; Šovljanski et al., 2022). Moreover, 
they can also be recovered from several kinds of household appliances, such as dishwashers, air 
conditioners, and washing machines, etc. (Kulesza et al., 2021; Pintong et al., 2023; Shiraishi et al., 
2023; Zareshahrabadi et al., 2023). Additionally, Rhodotorula spp. are part of the human microbiota, 
residing as commensal fungi in healthy individuals (Caetano et al., 2023). Unfortunately, 
Rhodotorula spp. was previously ignored and considered a non-pathogenic yeast. According to the 
increased reporting of patients with impaired immune status, HIV infection, central-venous catheter 
usage, cancer, and hematological malignancies, these conditions contribute to Rhodotorula spp. 
infections (Fung et al., 2009; Spiliopoulou et al., 2012; Kim et al., 2013; Potenza et al., 2019). 
Moreover, the contamination of this red yeast in hospital environments has been reported (Sanna et 
al., 2021). Thus, Rhodotorula spp. are currently important emerging opportunistic fungi. 

Extracellular enzyme production plays a critical role in the pathogenicity of fungi. 
Phospholipase, an enzyme group comprising A1 (PLA1), A2 (PLA2), B (PLB), C (PLC), and D 
(PLD), catalyzes the cleavage of ester bonds within phospholipids, which are major constituents of 
cell membranes (Ghannoum, 2000; Djordjevic, 2010). This hydrolysis by phospholipase facilitates 
the penetration, invasion, lysis, and injury of host cells (Ghannoum, 2000). Additionally, pathogenic 
fungi produce esterase or monoacylglycerol lipases, which are lipolytic enzymes (Noori et al., 2017). 
Furthermore, proteinase production has been observed in various fungi, including Cryptococcus 
neoformans (San Felice) Vuill, Candida spp., Aspergillus fumigatus (Fresen), and Scedosporium 
aurantiacum (Gilgado, Cano, Gené & Guarro), serving as crucial virulence factors for tissue 
penetration and invasion (Robinson et al., 1990; Chen et al., 1996; Seifi et al., 2015; Han et al., 2017).  

Coin-operated washing machines are household appliances that are currently available in 
several places such as condominiums, dormitories, apartments, etc. A previous investigation by the 
authors recovered several kinds of yeasts from coin-operated washing machines, such as Candida 
albicans (C.P. Robin) Berkhout, Candida tropicalis (Castell) Berkhout, Candida parapsilosis 
(Ashford) Langeron & Talice, and Trichosporon spp., etc. (Pintong et al., 2023). We also isolated 
yeast-like fungi that displayed red or salmon-colored colonies from these household appliances. Thus, 
this study aimed to identify Rhodotorula spp. using a PCR-based method and evaluate the 
extracellular enzyme production of Rhodotorula spp. isolated from coin-operated washing machines. 
The findings detail the presence of potentially pathogenic yeasts distributed in household appliances, 
posing potential health risks, particularly for immunocompromised individuals. 
 
Materials and Methods 

Rhodotorula spp. isolates and DNA extraction 
Thirty-one Rhodotorula spp. were originally obtained from our previous investigation of the 
contamination of fungi in coin-operated washing machines (Pintong et al., 2023). Briefly, tubs, lint 
filters, detergent drawers, and fabric softener drawers were swabbed with sterile cotton swabs, which 
were streaked entirely on the surface of Sabouraud dextrose agar (SDA) supplemented with 0.05 g L-
1 chloramphenicol and incubated at 25 °C for 7 days. Yeast-like fungi that showed red, salmon-
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colored colonies were collected and stored at −80 °C for further experimentation. Other yeasts that 
grew on SDA were also collected for identification, and the results had already been published 
(Pintong et al., 2023). DNA extraction was performed by growing these red yeasts on SDA and 
incubating at 25 °C for 24 h. Subsequently, the yeasts were suspended in 100 µl of sterile distilled 
water and centrifuged at 8,000 rpm at 4 °C for 1 min, after which the supernatant was discarded. Next, 
100 µl of 20 mM NaOH was added to the pellet, followed by boiling at 95 °C for 45 min. The 
suspension was then centrifuged at 12,000 rpm at 4 °C for 10 min, and the resulting supernatant 
containing genomic DNA was transferred to a new sterile microcentrifuge tube and stored at −20 °C 
for further experimentation. 
 
Polymerase chain reaction (PCR) and DNA sequencing 
The ITS1-5.8S-ITS2 region was amplified using the PCR technique in a total volume of 25 µl, 
comprising 1 µl of genomic DNA, 12.5 µl of GoTaqÒ Green Master Mix (Promega, USA), 0.5 µl of 
each forward primer ITS1 and reverse primer ITS4 (White et al., 1990), and 10.5 µl of distilled water. 
The PCR reaction was conducted under the following conditions: initial denaturation at 95 °C for 3 
min, followed by denaturation at 95 °C for 30 s, annealing at 56 °C for 45 s, and extension at 72 °C 
for 45 s. The reaction was cycled 35 times, with a final extension step at 72 °C for 5 min. 
Subsequently, the PCR products were subjected to analysis using 1.5% agarose gel electrophoresis, 
stained with ethidium bromide, and visualized using a gel documentation system (Bio-Rad). The 
amplified ITS1-5.8S-ITS2 region was purified and bidirectionally sequenced by 1st BASE DNA 
sequencing (Apical Scientific Sdn Bhd, Malaysia), and the obtained sequences were edited using 
BioEdit V7.2.5. These sequences were then compared with existing sequences deposited in GenBank 
using BLASTn (https://blast.ncbi.nlm.nih.gov/Blast.cgi), and the resulting sequences were submitted 
to BankIt for accession numbers. 
 
Analysis of phylogenetic trees and species relationships 
The optimal evolutionary model for the ITS datasets was determined using the Bayesian Information 
Criterion (BIC) within MEGA-X (Kumar et al., 2018). The model with the lowest BIC score was 
chosen to construct phylogenetic trees via the maximum likelihood method. The percentage of trees 
in which associated taxa clustered together is indicated adjacent to each branch. Utilizing a matrix of 
pairwise distances estimated via the maximum composite likelihood approach, a phylogenetic tree 
comprising our 31 Rhodotorula spp. nucleotide sequences and 17 published sequences was generated 
automatically through a heuristic search, employing the neighbor-joining and BioNJ algorithms. The 
topology associated with the highest log likelihood value was selected. Branch lengths on the tree 
correspond to the number of substitutions per site and are drawn to scale. Bootstrap analysis was 
performed, comprising 1,000 replicates, and the resulting bootstrap values are displayed above the 
branches. The ITS sequences of 14 Rhodotorula spp. published in GenBank were selected based on 
their classification into the same species and other species of the genus. The ITS sequences of 
Symmetrospora coprosmae NR073317, C. neoformans MT310954, and C. duobushaemulonii 
MZ261921 were selected as outgroups. 
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Preparation of yeast suspension for extracellular enzyme production 
Red yeasts were cultivated on SDA and allowed to incubate at 25 °C for 24 h. Subsequently, the yeast 
cells were adjusted to a turbidity equivalent to 0.5 McFarland standard in 0.89% sterile normal saline. 
This standardized inoculum suspension was utilized for assessing phospholipase, proteinase, and 
esterase activities. 
 
Phospholipase activity determination 
The production of phospholipase was assessed using an egg yolk medium (Desrini et al., 2023). Egg 
yolk agar was prepared by combining 13 g SDA, 11.7 g NaCl, 0.11 g CaCl2, and 184 ml distilled 
water, which was then sterilized by autoclaving. After cooling to 50 °C, 16 ml of sterile egg yolk 
emulsion (8% v/v) (HiMedia, India) was added to the solution. Aliquots of 5 µl of standard inocula 
were aseptically spotted onto egg yolk agar plates. Subsequently, these plates were incubated at 25 
°C for 7 days, during which precipitation zones around colonies were measured (in mm). The 
phospholipase activity was determined by calculating the ratio of the colony diameter to the total 
diameter of the colony plus the precipitation zone. Candida albicans ATCC 90028 was used as the 
positive control. The experiment was conducted in triplicate. 
 
Proteinase activity determination 
The assay for proteinase activity utilized yeast carbon-based-bovine serum albumin (YCB-BSA) agar 
(Treviño-Rangel et al., 2013). A solution containing 1.17% w/v yeast carbon base (HiMedia, India), 
0.01% w/v yeast extract (HiMedia, India), and 0.2% w/v bovine serum albumin (Merck, Germany) 
was prepared, adjusted to pH 5, and sterilized by filtration. This solution was then added to an 
autoclaved cooled agar solution (50 °C) consisting of 1.5% w/v agar. Ten microliters of the tested red 
yeast isolates and C. albicans ATCC 90028 were inoculated onto YCB-BSA agar plates. The plates 
were then incubated at 25 °C for 10 days. Following incubation, the plates were stained with 1% w/v 
amido black and destained with a solution of 30% methanol and 10% acetic acid. Proteolytic activity 
was indicated by a clear zone around the colony that did not stain with amido black. Proteinase 
activity was evaluated by calculating the ratio of the colony diameter to the total diameter of the 
colony plus the clear zone (in mm). The experiment was conducted in triplicate. 
 
Esterase activity determination 
The assay for esterase activity employed a Tween 80 opacity test medium (Palmeira et al., 2010). 
Each liter of the medium contained 10 g Bacto Peptone (HiMedia, India), 5 g NaCl, 0.1 g CaCl2, and 
15 g agar, adjusted to pH 6.5, and sterilized by autoclaving. After cooling the medium to 
approximately 50 °C, 5 ml of Tween 80 (Merck, Germany) was added. Subsequently, 5 µl of 
inoculum and the control C. albicans ATCC 90028 were inoculated onto Tween 80 opacity agar 
plates and incubated at 25 °C for 10 days. Esterase activity was evaluated by calculating the ratio of 
the colony diameter to the total diameter of the colony plus the precipitate zone (in mm). The 
experiment was conducted in triplicate. 
 
Enzymatic activity evaluation 
The enzymatic activity of each extracellular enzyme was classified into five groups according to the 
Pz index. The Pz index was the ratio of the colony diameter to the total diameter of the colony plus 
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the precipitation zone or clear zone. Pz index: 1 = negative, 0.90–0.99 = weak, 0.80–0.89 = mild, 
0.70–0.79 = strong, and < 0.69 = very strong (Treviño-Rangel et al., 2013). 
 
Statistical analysis 
The enzymatic activity or Pz index of each extracellular enzyme was computed as the mean and 
visualized as a heatmap using RStudio version 2023.06.1 + 524 (R Core Team, 2023).  
 

Results 

Identification of Rhodotorula spp. using PCR-based assay 
Thirty-one Rhodotorula spp. isolates grew on SDA at 25 °C, forming colonies with characteristic 
round, smooth, moist, mucoid, coral-red, orange, and salmon-colored appearances (Fig. 1). These red 
yeast strains were subsequently identified using a PCR-based assay. The PCR products generated 
from these yeasts were approximately 620 bp in size. Following sequencing, the amplicons were 
compared with existing data in GenBank using BLASTn, with a similarity cutoff of ³ 97%. Our 
analysis revealed that 6 out of 31 isolates were identified as Rhodotorula dairenensis (19.35%) (T. 
Haseg. & I. Banno) Fell, J.P. Samp. & Gadanho, and 25 were identified as Rhodotorula mucilaginosa 
(80.65%) (A. Jörg) F.C. Harrison. The sequences of all Rhodotorula spp. isolates were submitted to 
GenBank, with corresponding accession numbers and isolate numbers detailed in Table 1. 
 

 
Fig. 1 - Colony morphology of Rhodotorula spp. on SDA. A) R. mucilaginosa and B) R. dairenensis exhibited round, 
mucoid, coral-red, orange, and salmon hues.  
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Table 1 – Rhodotorula spp. isolates and accession numbers. 
Yeast species Isolate number Accession number 

R. mucilaginosa A2Fb1-023 OQ690178 
 A3Fa2-080 OQ690179 
 B2F1-095 OQ690180 
 C1Fa1-138 OQ690181 
 D1Fa2-168 OQ690182 
 E2W2-206 OQ690183 
 E3Fa2-233 OQ690184 
 G1Fa1-304 OQ690185 
 G2Fb2-338 OQ690186 
 G3W1-347 OQ690187 
 G1Fb1-404 OQ690188 
 G5W1-432 OQ690189 
 H2Fa2-457 OQ690190 
 H3Fa1-486 OQ690191 
 I1Fa1-525 OQ690192 
 I2Fa1-551 OQ690193 
 I2Fa2-558 OQ690194 
 J2F2-590 OQ690195 
 J3F1-600 OQ690196 
 K1Fa1-625 OQ690197 
 K1Fb1-632 OQ690198 
 K2Fa2-651 OQ690199 
 K3F1-685 OQ690200 
 L1W1-713 OQ690201 
 L1Fa2-721 OQ690202 
R. dairenensis A2W1-063 OQ690203 
 E1Fa2-188 OQ690204 
 H1Fa1-443 OQ690205 
 E2Fa1-218 OQ690206 
 G3F2-362 OQ690207 
 H3Fb1-494 OQ690208 

 
Phylogenetic analysis and species relationships 
This study examined the nucleotide sequences of 31 Rhodotorula spp., comprising 6 R. dairenensis 
and 25 R. mucilaginosa, utilizing a fungus-specific primer ITS. Evolutionary analyses of this region 
were carried out using MEGA-X (Kumar et al., 2018). The Tamura-Nei (T92) model was employed, 
incorporating a discrete Gamma distribution (+G) with five rate categories and assuming a fraction 
of sites to be evolutionarily invariable (+I), a parameter determined based on the best model of 
evolution analyses (Nei and Kumar, 2000). The BIC score was 7470.788066. Subsequently, a 
phylogenetic tree was constructed through maximum likelihood analysis, employing the T92 + G + I 
model with 1,000 bootstrap replications (Fig. 2). Our analysis revealed two distinct genotypes of R. 
mucilaginosa. The first group of R. mucilaginosa clustered together with CBS316 (BV = 86), while 
the second group clustered together with LEMI16 and LEMI17 (BV = 61), forming a sub-clade within 
the first group. Regarding R. dairenensis, all six isolates clustered together with LEMI230 and 
LEMI2945 (BV = 97), displaying a distinct clade compared to R. mucilaginosa. 

https://doi.org/10.6092/issn.2531-7342/19363


Pumeesat et al. 
https://doi.org/10.6092/issn.2531-7342/19363                                        Italian Journal of Mycology 53 (2024): 147 - 159 
___________________________________________________________________________________________________________________________________________________ 

 
153 

 

Fig. 2 - Phylogenetic tree constructed from ITS region sequences. The bootstrap values are indicated adjacent to each 
node. The initial tree was generated automatically using the neighbor-joining and BioNJ algorithms, based on pairwise 
distance estimates derived from the Maximum Composite Likelihood approach. The topology with the highest log 
likelihood value was selected. Branch lengths on the tree represent the number of substitutions per site and are drawn to 
scale. 

Extracellular enzyme production 
This study investigated the extracellular enzyme production of 31 Rhodotorula spp. strains, including 
R. mucilaginosa and R. dairenensis (Fig. 3). Enzymatic activity or Pz index was categorized into five 
groups: 1 = negative, 0.90–0.99 = weak, 0.80–0.89 = mild, 0.70–0.79 = strong, and < 0.69 = very 
strong (Fig. 4). Initially, all Rhodotorula spp. examined in this study exhibited phospholipase activity, 
ranging from strong (pz = 0.7–0.76) to very strong (pz < 0.69). Furthermore, among the R. 
mucilaginosa isolates, 16 displayed esterase activity ranging from mild (pz = 0.82–0.89) to very 
strong (pz < 0.69), while 2 R. dairenensis isolates exhibited very strong activity and 1 R. dairenensis 
isolate showed weak (pz = 0.91) esterase activity. Regarding proteinase activity, none was observed 
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in R. dairenensis. Conversely, 14 R. mucilaginosa isolates exhibited proteinase activity ranging from 
weak (0.92) to very strong levels. Moreover, three R. mucilaginosa isolates (OQ690178, OQ690181 
and OQ690184) demonstrated strong to very strong activity in all 3 extracellular enzymes (Fig. 4). 
 

Fig. 3 - Enzymatic activity of Rhodotorula spp. with A) representing phospholipase activity indicated by precipitation 
zones, B) showing esterase activity depicted as a white precipitate, and C) illustrating proteinase activity as a clear zone. 
 

Discussion 

Previous studies showed that washing machines were contaminated with plentiful amounts of both 
filamentous fungi and yeasts, such as Aspergillus spp., Penicillium spp., Fusarium spp., Mucor spp., 
and Candida spp. (Dögen et al., 2017; Zareshahrabadi et al., 2023). Our previous study also isolated 
several kinds of fungi from coin-operated washing machines, particularly Candida spp. and 
Trichosporon spp. (Pintong et al., 2023). Moreover, yeast-like fungi that showed red or salmon-
colored colonies were also found in the samples. In our investigation, 31 environmental strains of red 
yeasts were identified as 25 isolates of R. mucilaginosa and 6 isolates of R. dairenensis using PCR-
based techniques targeting the ITS regions. Numerous previous studies demonstrated that 
Rhodotorula spp., Rhodotorula minuta (Cif. & Redaelli) F.C. Harrison, Rhodotorula slooffiae (E.K. 
Novák & Vörös-Felkai), and R. mucilaginosa were recovered from laundry machines, though data 
concerning R. dairenensis has not been reported (Babič et al., 2015; Nix et al., 2015; Dögen et al., 
2017; Zareshahrabadi et al., 2023). 

Rhodotorula spp. are saprophytic yeasts commonly found in various environmental sources and 
are also part of the normal human microbiota, such as respiratory, genital, gastrointestinal, and dermal 
(Wirth and Goldani, 2012; Allahkarami et al., 2021; Šovljanski et al., 2022; Caetano et al., 2023). 
The possible reasons for the contamination of these fungi in coin-operated washing machines are the 
multiple users and the ignorance of the owners of the appliances to maintain and clean them. 
Interestingly, a previous study recovered R. mucilaginosa and R. slooffiae from tap water and 
groundwater, meaning these yeasts could be transferred with water to household appliances (Novak 
et al., 2016).  
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Fig. 4 - A heatmap of extracellular enzymatic activity (phospholipase, esterase, and proteinase) 
in R. mucilaginosa and R. dairenensis. The heatmap was generated using RStudio version 
2023.06.1 + 524. Enzyme activity was calculated as the mean of the Pz index.  
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Rhodotorula spp. are traditionally considered nonpathogenic fungi, with the first case of 
fungemia caused by Rhodotorula spp. documented in 1960 (Louria et al., 1960). Currently, 
Rhodotorula spp. infections, particularly R. mucilaginosa, are increasingly being reported (Fung et 
al., 2009; Spiliopoulou et al., 2012; Wirth and Goldani, 2012; Kim et al., 2013). Though 
Rhodotorulaspp. infections are mostly caused by R. mucilaginosa, R. dairenensis have also been 
reported in cancer patients (Cobo et al., 2020). Phylogenetic tree analysis revealed two distinct 
genotypes of R. mucilaginosa: One closely related to the reference strain R. mucilaginosa CBS316, 
while the other clustered with clinical isolates from Brazil (LEMI16 and LEMI17) (Nunes et al., 
2013). Moreover, all six isolates of R. dairenensis were grouped with clinical isolates from blood 
culture samples (LEMI230 and LEMI2945) (Nunes et al., 2013). 

Extracellular enzyme production stands as a significant virulence factor among pathogenic 
fungi, wherein phospholipase and esterase play pivotal roles in penetration and invasion. These 
enzymes have been identified in various pathogenic yeasts such as C. neoformans, C. albicans, C. 
tropicalis, and C. parapsilosis (Chen et al., 1996; Ghannoum, 2000; Vidotto et al., 2005; Djordjevic, 
2010; Pakshir et al., 2013). However, there has been limited exploration of extracellular enzyme 
production in Rhodotorula spp. In the current study, both R. mucilaginosa and R. dairenensis spp. 
isolates exhibited phospholipase production, with activities ranging from strong to very strong. 
Previous research has indicated phospholipase production in Rhodotorula spp. isolated from bovine 
raw milk samples (Melville et al., 2011). Additionally, Seifi et al. (2016) reported phospholipase 
activity in 82.4% of Rhodotorula spp. isolates, with over 50% displaying very strong activity. 
Nineteen Rhodotorula spp. isolates exhibited esterase activity ranging from weak to very strong, 
while only R. mucilaginosa demonstrated weak to very strong proteinase activity. Earlier 
investigations revealed extracellular enzyme activity, including phospholipase, proteinase, and 
esterase, in R. mucilaginosa isolated from Antarctic permafrost and active layer soils (da Silva et al., 
2022). 

Although all the R. mucilaginosa and R. dairenensis isolates in this study were recovered from 
environmental sources, specifically coin-operated washing machines, some isolates exhibited 
pathogenic potential based on their extracellular activities. This result implied the presence of 
potential pathogenic yeasts in the environment, posing potential health risks, especially to 
immunocompromised individuals. Moreover, the antifungal susceptibility testing, biofilm formation, 
and genetic relationship between clinical and environmental strains are highlighted for further 
investigation to provide knowledge of these emerging fungal pathogens. 
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