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Abstract

Background: Apples are widely distributed in different geographical zones 
and are an important part of human diet. They are a popular subject for research 
and development of new technologies for biological protection of fruits against 
phytopathogens. Among yeasts, true phytopathogens are practically unknown. 
But among them there is a group of clinically significant species of the genus 
Candida. The development of these species in fruits can affect human health. 
Primarily, this concerns people with a weakened immune system and a genetic 
predisposition to mycogenic allergies. The presence of opportunistic yeasts is 
particularly likely in natural substrates under anthropogenic impact. This study 
is devoted to the comparison of endophytic yeasts of apples grown industrially 
and growing wild in urban areas.

Results: Endophytic yeasts were detected in 80% of samples. The average 
yeast abundance depended (F=24.26; p < 0.01) on the sugar concentration in 
tissues. At a content of 7-12 °Bx, the average yeast abundance was 4.96±1.07 × 
103 CFU/g; at 12-18 °Bx, 9.61±1.09 × 103 CFU/g. A total of 33 yeast species were 
isolated from apples. The greatest number of endophytes was observed in wild 
apples. Detection the opportunistic yeast Candida parapsilosis distinguished 
yeast complexes of wild apples from commercial industrial products. The 
relative abundance of C. parapsilosis in apples collected in the urban area 
exceeded 30%. 

Conclusion: The data on the high abundance of C. parapsilosis in 
endophytic yeast communities of apples collected in urban areas allow us to 
make a preliminary suggestion to avoid the consumption of such fruits.

Keywords: Malus domestica; Apples; Fruit; Endophytic yeasts; Candida 
parapsilosis

Introduction
The apple tree (Malus Mill.) is widely distributed in a variety 

of geographical zones and is one of the most important, popular, 
attractive and widely consumed fruit plants. Currently, there are 
more than 15,000 apple tree cultivars worldwide, and breeding of new 
cultivars continues unabated [1–5]. Cultivars of Malus domestica have 
been successfully used for commercial cultivation, home gardens, and 
landscaping in urban areas. 

Apple fruit is of particular interest as a subject of study related 
to the development of new technologies for fruit storage and 
transportation [6]. Endophytic yeast strains with pronounced 
fungicidal activity (Aureobasidium pullulans, Debaryomyceshansenii, 
Metschnikowiapuicherrima, M. sinensis, Wickerhamonecesanomalus) 
against the most common phytopathogens of fruits (Aspergillus niger, 
Botrytis cinerea, Colletotrichum capsica, Moniliniafructicola, Rhizopus 
nigricans and others) have been repeatedly found in the pericarp of 
apples [7–11]. The internal tissue of apple fruits is also an interesting 
substrate for the isolation and description of new yeast species [12].

The most common yeast species observed both on the surface 

and inside apples and some other juicy fruits are Aureobasidium 
pullulans, Buckleyzyma aurantiaca, Curvibasidium cygneicollum, 
Cysto filobasidium infirmo miniatum, Debaryomyces hansenii, 
Galactomyces candidus, Hanseniaspora guilliermondii, H. uvarum, 
Metschnikowia pulcherrima, Naganishia albida, Pichia kluyveri, P. 
kudriavzevii, Papiliotrema laurentii, Rhodotorula minuta, Rh. glutinis, 
Saccharomyces cerevisiae, and Sporobolomyces roseus [13–14].

However, in urban ecosystems exposed to complex anthropogenic 
influence, changes in endophytic yeast communities may occur [15]. 
The opportunistic yeast species Candida parapsilosis was found in 
the internal tissues of Malus domestica and Pyrus communis fruits 
grown in Moscow throughout the formation and ripening period, 
reaching a maximum relative abundance in ripe fruits. The presence 
of opportunistic Candida yeasts is an indicator of environmental 
conditions and anthropogenic pressure [16].

In this study, we compared the abundance and taxonomic 
structure of endophytic yeast complexes associated with industrially 
grown apple fruits in different countries and those growing wild in 
private gardens in urban environments. 
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Materials and Methods
Study Location and Dampling

Apples for the study of the abundance and endophytic yeasts’ 
taxonomic structure were purchased from trade networks in the 
Moscow region (imports from Argentina, Belarus, China, Chile, 
Serbia, Turkey, and supplies from Russia), collected on the territory 
of the private gardens near Moscow city, and in the urban area along 
roadsides and in city parks in Moscow. The study was conducted in 
2019. A total of 553 apple fruits were analyzed.

Microbiological Analyses and Species Identification
The abundance and taxonomic structure of yeasts were studied 

using a surface plating method on solid media. 

To study endophytic yeast communities, fruits were treated 
according to the following scheme: 70% ethanol, 30 min; 2% sodium 
hypochlorite, 30 min; 70% ethanol, 30 s; and washing in sterile 
distilled water for 10 min [17,18]. After the exocarp was removed with 
a sterile scalpel, the internal tissues were cut out, homogenized, and 
poured with sterile water to obtain a 1:10 dilution. The suspensions 
were vortexed on a Multi Reax Vortexer (Heidolph Instruments, 
Germany) for 15 minutes at 2,000 rpm. Three suspensions were 
prepared for each apple. Thus, 1659 prepared suspensions were 
plated in two replicates each on glucose-peptone-yeast extract (GPY) 
agar (20 g/L glucose, 10 g/L peptone, 5 g/L yeast extract, 20 g/L agar) 
supplemented with chloramphenicol (500 mg/L) to prevent bacterial 
growth. A total of 3318 plates were incubated at 22°C for 5-7 days. The 
grown yeast colonies were classified into morphological types using a 
dissecting microscope, and the number of colonies of each type was 
counted. From each morphotype, 5 to 7 colonies were isolated into a 
pure culture. 

Identification of yeast species was based on the ITS rDNA 
nucleotide sequence. DNA isolation and PCR were performed 
according to the previously described procedure [15]. DNA 
sequencing was performed using the Big Dye Terminator V3.1 Cycle 
Sequencing Kit (Applied Biosystems, USA) with subsequent analysis 
of the reaction products on an Applied Biosystems 3130xl Genetic 
Analyzer at the facilities of Evrogen (Moscow). For sequencing, the 
ITS5 primer (5’- GGA AGT AAA AGT CGT AAC AAG G) was used. 
For species identification, nucleotide sequences were compared with 
those in public databases using the BLAST NCBI (www.ncbi.nlm.nih.
gov) and the MycoID (www.mycobank.org) tools. 

Analysis of Sugar Content
Total sugar content (measured by soluble solids concentration 

(SSC)) in fruit juice was estimated using a Milwaukee MA871 
refractometer.

Data Analyses
The relative abundances of species were calculated as share (%) 

of colonies that appeared on the plates. Statistical data processing 
and graphical presentation of the obtained results were carried out 
using Excel 2010 (Microsoft, USA) and Statistica 8.0 (StatSoft, USA) 
programs. The Fisher’s test was used for comparing average data on 
the yeasts abundance after determining normality of their distribution 
by the Shapiro-Wilk test. The bars on figure represent the standard 
deviations (SDs).

Results
Yeast Abundance

Endophytic yeasts were detected in 80% of the samples tested. 
The average yeast abundance in the internal tissues of ripe apples 
depended (F criterion, 24.26; p < 0.01) on the sugar concentration 
in the internal tissues of apples. At a sugar content of 7-12 °Bx, the 
average yeast abundance was 4.96±1.07 × 103 CFU/g; at 12-18 °Bx, it 
was 9.61±1.09 × 103 CFU/g (Figure 1). It should be noted that “peaks” 
in yeast abundance were also observed in apples with average sugar 
concentration (10 °Bx).

Detailed analysis of the abundance of endophytic yeasts in the 
internal tissues of applesas a function of sugar concentration (low and 
medium values - 7-12 °Bx and medium-high and high values - 12-18 
°Bx) showed lower values ofaverage abundance of endophytic yeasts 
in commercially grown apples and their lower dependence on sugar 
concentration (Figure 2).

Figure 1: Average abundance of endophytic yeasts, lg(CFU/g) in apples with 
different sugar content values, °Bx.

Figure 2: Abundance of endophytic yeasts, lg(CFU/g) in apples of different 
growth forms and sugar content values (1 - along roadsides; 2 - city parks; 
3 - private gardens; 4 - industrial products).
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Diversity of Yeasts
A total of 693 yeast strains were isolated from all apples in this 

study. These isolates were identified to 33 species, 16 ascomycetes 
and 17 basidiomycetes. Half of the yeast genera were represented by 
only one species; yeasts of the genera Candida, Cystofilobasidium, 
Debaryomyces, Filobasidium, Kwoniella, Metschnikowia, 
Meyerozyma, and Vishniacozyma were represented by two species, 
and the genus Rhodotorula by three species. Only one yeast genus, 
Yarrowia, was represented by four species. The most common 
yeast species among apple endophytes were: Aureobasidium 
pullulans, Candida parapsilosis, C. zeylanoides, Cystofilobasidium 

capitatum, Debaryomycesfabryi, Filobasidium magnum, F. wieringae, 
Hanseniasporauvarum, Leucosporidiumscottii, Metschnikowia 
pulcherrima, Rhodotorula babjevae, Rh. mucilaginosa, and Yarrowia 
spp. (Table 1).

The highest species richness of endophytic yeasts was observed 
in wild apples collected in urban areas along highways and in 
city parks (20 species, predominantly Candida parapsilosis and 
Cystofilobasidium capitatum), and in private gardens near the 
city (17 species, predominantly Metschnikowia pulcherrima and 
Hanseniasporauvarum). Among industrial products, the highest 
species richness was observed in apples imported from Chile (12 
species, predominantly Debaryomycesfabryi, Yarrowiagalli and 
Candida zeylanoides), and the lowest in apples imported from Serbia 
(2 species, predominantly Cystobasidiumsp.nov.). The average 
number of yeast species per apples examined was 11.4 (Table 2).

Opportunistic Yeasts in Endophytic Yeast Complexes
Detection of strains of the clinically important (opportunistic) 

yeast Candida parapsilosis distinguished the endophytic yeast 
complexes of wild apples collected in the urban areas of Moscow from 
commercial industrial products imported from different countries 
(Table 2). The relative abundance of C. parapsilosis in apples collected 
in urban areas (along highways and in parks) was significant and 
exceeded 30%.

Isolation of New Yeast Species
In this study, strains of two new yeast species from the genera 

Cystobasidium (KBP YE -0710) (found in fruits imported from 
Serbia) and Papiliotrema (KBP YE -0283) (found in fruits collected 
from private gardens near the city) were observed. The first species is 
phylogenetically closely related to the species Cys. benthicum (93.9% 
similarity of D1/D2 rDNA domains) and is currently described. The 
second species is phylogenetically close to Papiliotrema aurea (ITS 
region rDNA similarity - 97.4%) and was recently described by us as 
Papiliotrema horticola [19].

Discussion
Total Abundance of Obtained Endophytes

While in fruits collected in urban ecosystems, the abundance of 
endophytic yeasts in apples showed an obvious dependence on the 
sugar concentration in the internal tissues, the average abundance 
of endophytic yeasts in industrial products was almost independent 
of the sugar concentration. Most likely, the development of yeasts 
in commercial products is limited by the use of fungicides in the 
agrotechnical treatment of apples. However, these techniques 
do not completely eliminate yeasts. Camatti-Sartori et al. (2005) 
have reported a similar pattern that chemical compounds, mainly 
fungicides, used in conventional and integrated production systems 
reduce populations of endophytic filamentous fungi and yeasts in 
apple trees.

Isolated Yeast Endophytes
Among the yeast species found in the internal tissues of apples, 

there are species that are typical epiphytes: Candida zeylanoides, 
Cystofilobasidium capitatum, Metschnikowia pulcherrina, 
Hanseniaspora uvarum, Rhodotorula babjevae, Rh. mucilaginosa, 
etc. But also species that are predominantly minor components in 

Yeast species FQ, %

Ascomycota

Aureobasidium pullulans 18.63

Candida parapsilosis 28.75

Candida zeylanoides 25.86

Debaryomyces fabryi 5.61

Debaryomyces hansenii 2.53

Dothiorasorbi 0.54

Hanseniaspora uvarum 32.37

Metschnikowiachrysoperlae 0.54

Metschnikowia pulcherrima 47.20

Meyerozyma carribica 1.63

Meyerozyma guilliermondii 3.80

Pichia kluyveri 2.89

Yarrowia deformans 9.95

Yarrowia divulgata 4.34

Yarrowia galli 14.10

Yarrowia lipolytica 9.40

Basidiomycota

Bulleraalba 0.36

Cystobasidium sp.KBP YE-0710 3.62

Cystofilobasidium capitatum 34.90

Cystofilobasidium macerans 3.44

Filobasidium magnum 5.97

Filobasidium wieringae 9.40

Kwoniellaen dophytica 0.18

Kwoniellapini 0.90

Leucosporidium scottii 5.06

Moesziomyces aphidis 2.53

Papiliotrema horticolasp. nov. 0.18

Rhodosporidiobolu scolostri 0.72

Rhodotorula babjevae 10.31

Rhodotorula glutinis 1.81

Rhodotorula mucilaginosa 8.50

Vishniacozymate phrensis 0.18

Vishniakozyma carnescens 1.27

Table 1: Frequency (FQ, %) of endophytic yeast species isolated from apples.
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a variety of natural yeast complexes: Metschnikowiachrysoperlae. 
Moesziomyces aphidis, Vishniakozymacarnescens, Yarrowiagalli, etc. 
[20]. The highest diversity of endophytic yeasts was found in apples 
collected in urbanized areas compared to industrially grown fruits in 
different countries (Table 2). This study suggests that urbanization 
promotes invasion of yeast species and may increase species richness 
at the local level. A similar effect has been repeatedly observed in 
several other groups of organisms when comparing their species 
richness in natural habitats and in urbanized areas [21–22].Changes in 
community structure due to urbanization may affect various aspects 
of ecosystems. Extensive future research is needed to reveal the effects 
of urbanization on the diversity of endophytic yeast complexes. 

Of course, not all yeasts found in fruits can be classified as true or 
obligate endophytes that develop asymptomatically and only in 
internal tissues. We should consider the groups of yeasts that can live 
endophytically and consider the contaminated species separately. It is 
likely that yeasts with endophytic lifestyles include typical epiphytic 
and eurytopic yeasts for which transition to endophytic lifestyles 
in internal tissues is a strategy to avoid unfavorable environmental 
factors (solar radiation, desiccation, etc.). There is evidence of the 
ability of yeasts to invade internal tissues relatively quickly. It has been 
shown that after inoculation of Meyerozyma guilliermondii on the 
surface of tomato, yeast cells were found in the epidermal layer after 8 
hours and in the parenchyma layer after 22 hours [23]. Another, more 

Wild product Industrial product

Yeast species City Gardens Argentina Belarus Chile China Russia Serbia Turkey

Aureobasidium pullulans 5.1 1.4 3.2 0.3 0.9 1.0 13.0 8.3 0.6

Bullera alba 0.1 – – – – – – – –

Candida parapsilosis 39.3 – – – – – – – –

C. zeylanoides 1.6 0.7 24.9 24.4 11.2 17.1 – – 17.9

Cystobasidiumsp.nov – – – – – – 8.2 91.7 –

Cystofilobasidium capitatum 21.4 2.9 5.5 4.7 1.5 8.8 – – 1.9

Cyst. macerans 0.2 1.9 – – – – – – –

Debaryomycesfabryi – – 5.8 12.5 45.6 14.0 – – 11.1

D. hansenii 1.1 – – – – – 16.7 – –

Dothiorasorbi 0.1 – – – – – – – –

Filobasidium magnum 1,9 1.4 – – – – – – –

F. wieringae 5.6 4.6 – – –

Hanseniasporauvarum 4.7 13.5 3.1 6.7 4.2 2.6 – – 0.7

Kwoniellaendophytica 0.4 – – – – – – – –

Kw. pini – – – – – – 4.3 – –

Leocosporidiumscottii 3.9 – – – – – – – –

Metschnikowiachrysoperlae – – – – – – 6.6 – –

M. pulcherrima 9.0 53.7 6.7 12.4 4.4 20.0 33.1 – 5.6

Meyerozyma carribica – – 1.6 – 1.6 11.5 – – –

Mey. guilliermondii – – 2.7 11.0 2.5 4.5 – – 0.7

Moesziomycesaphidis – 0.4 – – – – – – –

Papiliotrema horticolasp.nov – 0.1 – – – – – – –

Pichia kluyveri 0.6 – – – – – – – –

Rhodosporidioboluscolostri – – – – – – 16.6 – –

Rhodotorula babjevae 0.2 0.2 14.2 14.1 7.6 4.4 – – 8.0

Rh. glutinis 0.1 – – – – – – – –

Rh. mucilaginosa 0.9 0.5 2.0 1.5 2.3 2.5 1.3 – 13.4

Vishniakozymatephrensis – – – – – – 0.1 – –

V. carnescens – 0.2 – – – – – – –

Yarrowia deformans 0.7 6.5 – – 5.8 – – – –

Y. divulgata – 4.8 – – – – – – –

Y. galli – 4.9 30.2 12.4 12.5 13.8 – – 40.1

Y. lipolytica 3.1 2.4 – – – – – – –

Table 2: The average relative abundance (%) of endophytic yeast species isolated from apples of different growth forms.
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complicated situation arises when considering the contaminating 
species. Most likely, it is the opportunistic yeast Candida parapsilosis, 
which was found in the internal tissues of urban apples.

Candida Parapsilosis Observed in Urban Apples 
Candida parapsilosis can be observed in domestic animals, insects, 

soil, marine environments, etc. [24–25]. In addition, C. parapsilosis 
is commensal yeast of humans that frequently colonizes the skin. 
However, it can become pathogenic when host defense mechanisms 
change [26–28]. Due to its ability to adapt to different host niches, 
it can cause systemic infections in immunocompromised individuals 
[29–30]. The high abundance of Candida parapsilosis may indicate 
unfavorable growing conditions for agricultural products associated 
with high anthropogenic stress [16]. For example, this species was 
found in contaminated soils in Moscow [31] and isolated from apples 
and pears growing in city parks [15]. Recently, it has been shown 
that environmental strains of Candida parapsilosis isolated from 
urban soils can be resistant to widely used antimycotics [32–34]. It 
cannot be excluded that strains from the internal tissues of apples 
growing in urban areas are also resistant. In addition, endophytic 
strains of opportunistic yeasts may possess virulence characteristics 
(e.g., produce hydrolytic enzymes) like clinical isolates [26]. In this 
case, consumption of apples collected in urban areas may not be safe, 
especially for immune compromised individuals who are genetically 
predisposed to the development of fungal diseases and mycogenic 
allergies. 

New Yeast Species Found in Endophytic Yeast 
Communities 

The internal tissue of apples is a promising substrate for the detection 
of new species of endophytic yeasts. In our previous study, we have 
already isolated and described a new species Kwoniellaendophytica 
A.M. Glushakova et Kachalkin [12] from the inner tissues. During 
this study, we found strains of two new yeast species, one of which 
we identified as Papiliotrema horticolasp.nov [19]. and the second, 
Cystobasidiumsp.nov. (KBP YE -0710) is currently being described. 
The collection of endophytic strains of species from apples is being 
studied to find strains that produce phytohormones and strains with 
fungicidal activity. After optimization, such strains can be used to 
produce biopreparations to stimulate growth and protect crops.

Conclusion
The data obtained on the high abundance of the opportunistic 

species Candida parapsilosis in endophytic yeast communities of 
apples collected in urban areas allow us to make a preliminary 
recommendation to avoid consumption of such fruits. This study 
provided a basis for further investigation of antibiotic resistance and 
phenotypic characteristics associated with virulence of endophytic 
strains of C. parapsilosis isolated from urban apples.
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