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ABSTRACT

In 2021, seven yeast strains were isolated from earthworm (Eisenia andrei) gut samples

collected from the Nanji Water Regeneration Center in Goyang City, Gyeonggi Province,

Korea. A total of seven yeasts were isolated, of which three strains have not been previously

reported in Korea. To identify the yeasts, pairwise sequence comparisons of large subunit

(LSU) rDNA sequences were performed using the basic local alignment search tool (BLAST).

Assimilation test and cell morphology analysis were performed using the API 20C AUX kit

and phase contrast microscope, respectively. Five of the seven strains were assigned to the

genus Candida of the order Saccharomycetales of the class Saccharomycetes, and two to the

genus Apiotrichum of the order Trichosporonales of the class Tremellomycetes. The yeast

strain Candida sojae E2 belongs to the family Debaryomycetaceae, and Apiotrichum laibachii

E8 and A. laibachii E9 belong to the family Trichosporonaceae. All strains were cultured in

yeast mold agar for three days and showed different colony forms. C. sojae E2 was round

: and entire shaped, while A. laibachii E8 and A. laibachii E9 was round and convex shaped.

'.) This study focuses on the description of the three yeast strains that have not been officially
reported in Korea.
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that terrestrial insects, such as collembolans, earthworms, and nematodes, are associated with an abundant

microbiome and putative symbionts [3]. Earthworms are excellent bioindicators of soil quality and perform
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an important role in increasing soil aeration, infiltration, structure, nutrient cycling, water movement, and
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and two were Basidiomycota yeast. The five strains were assigned to the genus Candida of the order

genus Apiotrichum (two strains) of the order Trichosporonales of the class Tremellomycetes in the phylum
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Basidiomycota. Three of the isolated strains; E2, E8, and E9, have not previously been reported in Korea.

The genus Candida consists of 314 recognized species and has C. vulgaris [5] as a type species. Candida
species have been isolated from human or animal excrement and aquatic environments containing urban
sewage effluent [6-8], flowers, and insects [9-12]. The cells are globose, ellipsoidal, cylindroidal, or elongate,
sometimes with ogival, triangular, or lunate shape, and reproduce through holoblastic budding [5].

The genus Apiotrichum consists of 22 reported species [13,14] and has Apiotrichum (= Trichosporon)
porosum [15] as the type species. The genus Apiotrichum was redefined to accommodate gracile/brassicae
[15-18]. Yeasts of this genus are found distributed in nature, on sources such as cabbage, rotten wood, sour
milk, and grassland [19] and many species have been isolated from the soil [17,18]. Apiotrichum presents
pseudohyphae and budding cells, but basidiocarps, sexual reproduction, fermentation, and nitration [15,17].

MATERIALS AND METHODS

The host worms were collected from the Nanji Water Regeneration Center in Goyang City, Gyeonggi
Province, Korea, and a total of seven strains were isolated from the intestinal tract of the worms. The
intestine was separated from E. andrei, cut to approximately 2 cm with tweezers, pulverized, and washed
continuously with distilled water [20]. The suspension containing the microbes was spread (100 uL each)
on yeast mold agar (YM agar; Difco, Franklin Lakes, USA). Single yeast colonies were purified and
maintained on YM agar containing 25% (w/v) glycerol suspension at -80°C in a deep freezer [21,22].
Information on the designated strain identifications (IDs), recent associations, 26S rRNA similarities, and
internal transcribed spacer (ITS) similarities for isolated strains are described in Table 1.

The incubation period is generally 23 days at 25°C, but the incubation temperature and times range
between 4-42°C and 3 days or more, respectively, for each strain [23]. Growth tests were performed on
different media, such as YM agar, corn meal agar (CMA; Difco, Franklin Lakes, USA), and potato dextrose
agar (PDA,; Difco, Franklin Lakes, USA), at 10°C (Fig. 1). Budding and cell morphology were observed
using a phase-contrast microscope (Leica DM500, Wetzlar, Germany), using pure cultured cells incubated
for 3-5 days in YM agar. Phase contrast microscope images and pictures of plates containing the strains are
shown in Fig. 2. The API 20C AUX kit (BioMérieux, Marcy-IEtoile, France) was used to determine the
carbon source assimilation of the unrecorded yeast strains.

The yeast used for DNA extraction was subcultured on YM agar and incubated at 10°C for 3-5 days.
Genomic DNA was extracted using a cDNA Synthesis Kit (NanoHelix, Daejeon, Korea) according to the
manufacturer’s instructions. For strain classification, the sequences were analyzed by amplifying the D1/D2
region of the large subunit (LSU) RNA gene using the universal primers NL1 (5-GCATCAAGGAGAG-3")
and NL4 (5-GTCGTTCAGG-3") [24]. The types of yeast closely associated with the isolated strains were
collected using the MYCOBANK database (https:/www.mycobank.org/). The LSU rDNA sequences of
the strains were obtained from NCBI (https:/www.ncbi.nlm.nih.gov/), and homology with other yeast was
compared using the Basic Local Alignment Search Tool (BLAST) database of NCBI. The gene sequences
were edited using the Seqman program and used for constructing phylogenetic trees using the neighbor-
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joining algorithm [25] of the MEGA7 program [26]. The phylogenetic tree topology was evaluated
for statistical reliability based on bootstrap values for 1,000 replications [27] and using the GenBank
registration number. The evolutionary distance was calculated using the Kimura 2-parameter model [28].

Fig. 1. Morphology of cells from the unrecorded strains incubated at 10°C. The colonies of (A) Candida
sojae E2, (C) Apiotrichum laibachii E8, and (E) A. laibachii E9 cultured in yeast mold agar (YM). The
colonies of (B) C. sojae E2, (D) A. laibachii E8, and (F) A. laibachii E9 cultured in potato dextrose agar
(PDA).
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Fig. 2. Micromorphology of budding cells on yeast mold agar (YM) plates after 3-5 days at 10°C. The
cells of (A) Candida sojae E2, (C) Apiotrichum laibachii E8, and (E) A. laibachii E9. Bars, 20 pm.

Table 1. Summary of isolated yeast strains and their taxonomic affiliations. All strains were cultured under 10°C for 3 days.

Phylum  Class Tt il R i
ID species Korea

Ascomycota  Saccharomycetes  Saccharomycetales Debaryomycetaceae E2  Candida sojae 557/557 (100%)  501/504 (99%)  Unreported
E3  Candida palmioleophila  567/567 (100%) 604/610 (99%)  Reported
E5  Candida subhashii 590/591 (100%)  685/685 (100%) Reported
E6 Candida palmioleophila  567/567 (100%) 601/607 (99%)  Reported
E7 Candida palmioleophila  554/555 (100%)  595/595 (100%) Reported

Basidiomycota Tremellomycetes Trichosporonales  Trichosporonaceae  E8  Apiotrichum latbachii -~ 560/561 (100%)  527/527 (100%) Unreported
E9  Apiotrichum laibachii ~ 561/561 (100%)  526/526 (100%) Unreported

ITS: Internal transcribed spacer.
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RESULTS AND DISCUSSION

A total of seven strains of yeast were separated from the Nanji Water Regeneration Center in Gyeonggi
Province, Korea. By analyzing the similarities in the small subunit (SSU) rDNA and D1/D2 region of
LSU rDNA sequence, we found that three of the separated strains were unrecorded in Korea. There was a
higher proportion of Ascomycota yeast among the strains isolated from the internal contents of the E. andret,
compared to Basidiomycota yeast. Five of the seven strains were identified as belonging to the family
Debaryomycetaceae of the phylum Ascomycota, while the remaining two strains were classified into
Trichosporonaceae of the phylum Basidiomycota. The D1/D2 and ITS similarities between the strains and
their closely related species and their taxonomic composition are summarized in Table 1. The characteristics
of the unrecorded strains are presented in Table 2.

Three unrecorded yeasts were identified: Candida (1 strain) and Apiotrichum (2 strains). The
phylogenetic consensus trees of the three strains support a close relationship by demonstrating that the
isolated strains are closely linked to strains that exhibit the highest LSU rDNA sequence similarity (Fig. 3
and 4).

Based on previous phylogenetic and biochemical studies, this study identified three unrecorded yeasts in

the domestic ecosystem and investigated their phenotypic characteristics.

Table 2. Characteristics of the unrecorded strains from worm gut.

Yeast Strains
E2 E8 E9

Strain ID

Morphological characteristics
Shape Oval Oval Oval
Vegetative reproduction Budding Budding Budding

API20C AUX
Glucose + -
Glycerol - -
2-Keto-D-gluconate + -
L-Arabinose - -
D-Xylose
Adonitol
Xylitol - - -
D-Galactose
Inositol
D-Sorbitol
d-Methyl-D-glucoside - -
N-Acetyl-D-glucosamine + +
D-Cellobiose - - -
D-Lactose (bovine origin) - -
D-Maltose
D-Saccharose (Sucrose)
D-Trehalose - -
D-Melezitose + - -
D-Raffinose - - +

All data were obtained in this study. +, positive; w, weakly positive; -, negative.

+ o+ + 4+ +

+ o+ o+
+ + + + +

+ +
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93 —Candida orthopsilosis MCO4567 (DQ213056)
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\——Candids hyderabadensis NRRL Y-27953T (AM159100)

Candida baotianmanensis NYNU 147197 (KM586733)
_WI:Cande'a maltose CBS 56117 (U45745)
Candida tropicalis NRRL Y-12968T (U45749)
80 Candids sanysensis HN-26T (JQ647914)

Candida sojae E2

94 | Candids sojae NRRL Y-179097 (U71070)

Candida kantuleensis DMKU-XE11T (LC317097)
Candida neerlandica NRRL Y-270577 (AF245404)
Candida labiduridarum NRRL Y-279407 (DQ655687)
Candids frijolesensis NRRL Y-480607 (EF120596)
Candida tetrigidarum NRRL Y-48142T (EF120599)

56 Candids saraburiensis KU-Xs13T (AB534915)

98 _Eandfi:fa pseudoviswanathi NYNU 147727 (KM586735)
60 Candida viswanathii CBS 4024T (U45752)

Candida gigantensis BG02-7-21-004G-1-1T (AY520316)

Candida albicans NRRL Y-12983T (U45776)

Saccharomyces cerevisize NRRL Y-126327 (JQ689017)

A
001

Fig. 3. Neighbor-joining phylogenetic tree based on 26S rRNA gene sequences shows the phylogenetic
relationships between the strain E2 and their closest strains of the genus Candida. Saccharomyces
cerevisiae NRRL Y-12632" strain was used as the outgroup. Bootstrap values (>50 %) are shown at each
branch. Bar, 0.01 substitutions per nucleotide position. ": Type strain. Bold type font: isolated strain.

100 —Apiotrichum dulcitum CBS 82577 (AF075517)
i&ip/otrichum gracile CBS 8187 (AF105399)
-Apiotrichum brassicae CBS 63827 (AF075521)
-Apiotrichum domesticum CBS 82807 (AF075512)
100 Wapiotrichum montevideense CBS 67217 (AF105397)

-Apiotrichum veenhuisii CBS 71367 (AF105400)
Apiotrichum heliocopridis DD1-1T (LC034290 )

Apiotrichum laibachii SABS03T (EF653931)
|Apium'dmm laibachii E8
100 | apiotrichum laibachii 9

_WEAprm'chum scarabaeorum CBS 56017 (AF444710)
-Apiotrichum terrigenum BioAT (FM212441)

— _|:A,mbm'mum Joubieri TEMOS16T (KY275495)
65 Apiotrichum mycotoxinivorans GMU1709T (MK450342)

95 —Apiotrichum gamsii CBS 82457 (AF444708)
-Apiotrichum wieringae CBS 89037 (AY315666)
81 -Apiotrichum sporotrichoides CBS 82467 (AF139385)
56 Apiotrichum dehoogii CBS 86867 (AF444718)
61

,—Apfbmrhum porosum CBS 20407 (AF189833)

100 I—Apiom':hum xylopini ATCC MYA-4670T (HQO05757)
Trichosporon asahii CBS 24797 (AF105393)

0.01

Fig. 4. Neighbor-joining phylogenetic tree based on 26S rRNA gene sequences shows the phylogenetic
relationships between the strains E8, E9 and their closest strains of the genus Apiotrichum. Trichosporon
asahii CBS 2479" strain was used as the outgroup. Bootstrap values (>50 %) are shown at each branch.
Bar, 0.01 substitutions per nucleotide position. ': Type strain. Bold type font: isolated strain.
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Description of Candida sojae E2

Colonies are convex, entire, and cream-colored after 3 days of incubation on YM agar and PDA at
10°C. The strain grew on YM, PDA, and CMA (weakly) (Fig. 1). In the API 20C AUX test, strain E2 was
positive for D-sorbitol, inositol, glucose, D-melezitose, D-saccharose (sucrose), D-maltose, D-galactose,
D-xylose, adonitol, N-acetyl-D-glucosamine, and 2-keto-D-gluconate. However, it was negative for
D-raffinose, D-trehalose, D-cellobiose, d-methyl-D-glucoside, xylitol, glycerol, L-arabinose, and D-lactose
(bovine origin). Strain E2 (KCTC 27832) was isolated from the intestinal tract of the earthworms obtained

from the Nanji Water Regeneration Center, Gyeonggi Province, Korea.

Description of Apiotrichum laibachii E8

Colonies were entire, umbonate, and cream-colored after 3 days of incubation on YM agar at 10°C and
observed to form an avillous appearance in which the center protrudes. The strain grew on YM, PDA, and
CMA (weakly) (Fig. 1). In the API 20C AUX test, strain E8 was positive for N-acetyl-D-glucosamine.
However, it was negative for glucose, glycerol, 2-keto-D-gluconate, L-arabinose, D-sorbitol, d-methyl-
D-glucoside, D-cellobiose, D-lactose (bovine origin), D-maltose, D-saccharose (sucrose), D-trehalose,
D-melezitose, xylitol, D-galactose, adonitol, inositol, and D-raffinose. Strain E§ (KCTC 27842) was
isolated from the intestinal tract of the earthworms obtained from the Nanji Water Regeneration Center,

Gyeonggi Province, Korea.

Description of Apiotrichum laibachii E9

Colonies were entire, umbonate, and cream-colored after 3 days of incubation on YM agar and PDA
at 10°C and observed to form an avillous appearance in which the center protrudes. The strain grew on
YM, PDA, and CMA (weakly) (Fig. 1). In the API 20C AUX test, strain E9 was positive for D-lactose
(bovine origin), N-acetyl-D-glucosamine, d-methyl-D-glucoside, D-galactose, glucose, 2-keto-D-gluconate,
L-arabinose, D-xylose, D-saccharose (sucrose), D-trehalose, and D-raffinose. However, it was negative for
D-melezitose, D-cellobiose, xylitol, adonitol, D-maltose, D-sorbitol, glycerol, and inositol. Strain E9 (KCTC
27843) was isolated from the intestinal tract of the earthworms from the Nanji Water Regeneration Center,

Gyeonggi Province, Korea.
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