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of Candida kofuensis sp. nov.

Kozaburo Mikata”, Kumiko Ueda-Nishimura*, Shoji Goto?, Cletus P. Kurtzman?®,
Motofumi Suzuki?, David Yarrow® and Takashi Nakase®

U Institute for Fermentation, Osaka, 17-85, Juso-honmachi 2-chome, Yodogawa-ku, Osaka 532-8686, Japan
» Tokyo University of Agriculture, Sakuragaoka 1-chome, Setagaya-ku, Tokyo 156-8502, Japan
® Microbial Properties Research Unit, National Center for Agricultural Utilization Research,
Agricultural Research Service, U.S. Department of Agriculture, Peoria, Illinois 61604, USA
4 Japan Collection of Microorganisms, RIKEN (The Institute of Physical and Chemical Research),
2-1 Hirosawa, Wako, Saitama 351-0198, Japan
 Centraalbureau voor Schimmelcultures (CBS), Yeast Division, Julianalaan 67, 2628 BC Delft,
The Netherlands

IFO 10103 and IFO 10932 (=JCM 2321) deposited as Candida agrestis RIFY 46117 (=No. 611, S. Goto)
and IFO 10931 (=CBS 8058) deposited as Candida sp. RIFY 4841 formed spheroidal to ovoidal
chlamydospores and were morphologically similar to Candida pulcherrima, the anamorph of Metschni-
kowia pulcherrima. However, these strains differed from M. pulcherrima in lactate assimilation, growth
at 34°C, and pulcherrimin pigmentation. An analysis of domain D1/D2 26S rDN A sequences from currently
accepted ascomycetous yeasts demonstrated that the strains represent a new species, which is described
here as Candida kofuensis sp. nov. Phylogenetic placement of this new species in the Metschnikowia
clade was further analyzed from 18S rDNA sequence divergence.

In additional comparisons, IFO 10933 (=JCM 10341=NRRL Y-17640=CBS 8055), which is believed to
have originated from C. agrestis RIFY 4611T has been reidentified as Saturnispora zaruensis from its
morphological, physiological and molecular characters.
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INTRODUCTION

In 1983, Goto and Oguri (6) described the new
yeast Candida agrestis and designated RIFY 4611
(=No. 611) as the type strain. In 1979, before the
species was described, this strain was sent to the
Centraalbureau voor Schimmelcultures (CBS)
where it has been maintained as CBS 8055
(=NRRL Y-17640). Yarrow (unpublished) found
ascospores on the slant culture that he received
from Goto. Barnett et al.(1) reported that the
properties of C. agrestis CBS 8055 were very much
like those of Pichia saitoi. Kurtzman (10) regarded

* Corresponding author

C. agrestis as a synonym of Saturnispora zaruensis
based on analysis of domain D1/D2 26S rDNA
sequences.

Candida agrestis No. 611 (=RIFY 4611) was also
sent to the Japan Collection of Microorganisms
(JCM) in 1983 where it has been maintained as JCM
2321, and to the Institute for Fermentation, Osaka
(IFO) in 1984 where it has been maintained as IFO
10103. Mikata (unpublished) noticed that IFO 10103
showed characteristics similar to Candida pulcher-
rima. Suzuki and Nakase (16) found that C. agrestis
JCM 2321 (=IFO 10932) has Q-9 as the major
ubiquinone in contrast to the original description by
Goto and Oguri (6) where it was reported that C.
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Table 1. Yeast strains examined

Species Strain® History®
Candida agrestis Goto & Oguri IFO 10103 <~ RIFY 46117

IFO 10932 «— JCM 2321 < No. 6117, S. Goto (=RIFY 46117)

IFO 10933 «— JCM10341 <~ NRRL Y-17640 < CBS 8055"« RIFY 4611"
Candida sp. IFO 10931 «— CBS 8058 <— RIFY 4841

a JFO, Institute for Fermentation, Osaka, Japan

® CBS, Centraalbureau voor Schimmecultures, Delft, The Netherlands ; NRRL, Agricultural Research Service

Culture Collection, Peoria, Illinois, USA ; JCM, Japan Collection of Microorganisms, Wako, Japan ; RIFY,

Research Institute of Fermentation, Yamanashi University, Kofu, Japan ; T, Type strain

agrestis had Q-7 as the major ubiquinone.

These facts suggesed that strains maintained in
CBS and NRRL may be different from those
maintained in JCM and IFO. At about the same time
as receiving C. agrestis, CBS received two addi-

tional strains from Goto. They were labeled Can-

dida sp. RIFY 4841 (=CBS 8058) and Candida sp.
RIFY 4933 (=CBS 8059). Yarrow identified these
strains as Metschnikowia pulcherrima. Therefore, it
is possible that one of these strains was sent to JCM
and IFO as C. agrestis.

The present study was conducted to clarify the
taxonomic problem of the C. agrestis strains
maintained in CBS, NRRL, JCM and IFO, and
describe a new species for the C. agrestis strains
maintained in JCM and IFO.

MATERIALS AND METHODS

Yeast strains. The three strains identified as
Candida agrestis and a strain of Candida sp. IFO
10931 (=CBS 8058=RIFY 4841) that were studied
are listed in Table 1. Metschnikowia pulcherrvima
IFO 1678 and Saturnispora zaruensis IFO 13847
were also used for taxonomic comparisons.

Physiological, morphological and cultural chavac-

teristics. Physiological, morphological and cultural
characteristics were investigated by the methods of
Yarrow (19).

Coenzyme @ systems. The yeasts were grown at
28°C for 2 days as shake cultures in 1-/ Erlenmeyer
flasks containing 400 m/ of YPD broth (1 % Bacto-
yeast extract, 2 % Bacto-peptone and 2 % glucose).
The extraction, purification and analysis of ubi-
quinone were performed as described by Mikata
and Yamada (13).

DNA preparation. The yeast strains were grown
at 28°C on a shaker for 10 to 24 h in 200-m/ Erlen-

meyer flasks containing 50 m/ of YPD broth. Proto-
plasts were prepared and DNA was extracted fol-
lowing the protocol of Holm et al.(7) as modified by
Kaneko and Banno (8).

Mol% G+ C determination. The mol % G+C was
determined by the method of Tamaoka and
Komagata (17).

DNA/DNA hybridization. Extent of DNA/DNA
hybridization between strains was determined by
the photobiotin microplate method of Ezaki et al. (2,
3) as modified by Kaneko and Banno (8).

18S ¥RNA gene sequencing and phylogenetic
analysis. 18S TRNA gene (rDNA) sequences were
determined using the Thermo Sequenase fluores-
cence labeled primer cycle sequencing kit with 7-
deaza-dGTP (Amersham Pharmacia Biotech) fol-
lowing the supplier’s protocol. PCR for amplifica-
tion of 18S rDNA and cycle sequencing using PCR
products were performed as described by Ueda-
Nishimura and Mikata (18). The 18S rDNA
sequences from this study were deposited in DDB]J
with the following accession numbers : IFO 10783,
AB023465 ; IFO 1408, AB023466 ; IFO 1677, AB
023467 ; IFO 1680, ABO023468 ; IFO 1679,
AB023469 ; IFO 10103 (identical to 18S rDNA of
IFO 10931), AB023471 ; IFO 10788, AB023472 ; IFO
1678, AB 023473 ; IFO 1605, AB023474 ; IFO 10860,
AB023475 ; IFO 10791, AB023476. A phylogenetic
tree was constructed by Kimura’'s 2-parameter
method (9) and the neighbor-joining method (15)
using clustal W. Bootstrap values (4) were calcu-
lated from 1,000 replicates. The 18S rDNA sequence
of Schizosacchavomyces pombe, which was used as
outgroup species in the analyses, was obtained from
GenBank.

Domain D1/D2 26S vyRNA gene sequencing and
phylogenetic analysis. Methods for nuclear DNA



Microbiol. Cult. Coll. Dec. 1999

isolation, amplification of the 600-nucleotide 26S
rDNA domain D1/D2 by the polymerase chain reac-
tion (PCR), and sequencing with the ABI Tag-
DyeDeoxy Terminator Cycle sequencing kit and the
ABI Model 377 automated DN A sequencer (Applied
Biosystems) were previously described (11).
Sequence data were visually aligned with QEdit 2.15
(SemWare). Phylogenetic relationships were calcu-
lated with a Power Macintosh 8500/120 by the
maximum parsimony program of PAUP* 4.0 (writ-
ten by D. L. Swofford ; test version distributed by
Sinauer Associates) with the simple heuristic
search option. Relationships were further analyzed
by the neighbor-joining program of PAUP* 4.0 with

the Jukes-Cantor distance measure. Schizosaccha-

romyces pombe was the designated outgroup in all
analyses. Confidence limits for phylogenetic trees
were estimated from bootstrap analysis (1000 rep-
lications). The nucleotide sequences for the new
species, Candida kofuensis NRRL Y-27226 (=IFO
10103=JCM 2321), reported in this study have been
deposited in GenBank with accession number AF
158019, and the GenBank accession numbers for
reference species were reported by Kurtzman and
Robnett (12).

RESULTS
Physiological and morphological characteristics
Physiological and morphological characteristics
of C. agrestis IFO 10103, IFO 10932, and IFO 10933,
Candida sp. IFO 10931, Saturnispora zaruensis 1FO
13847, and Metschnikowia pulcherrima 1FO 1678"
were compared with those from the description of
C. agrestis (6) (Table 2). Three strains, IFO 10103,
IFO 10932 (C. agrestis), and IFO 10931 (Candida
sp.) had identical physiological characteristics.
They were also morphologically indistinguishable
and formed spheroidal to ovoidal chlamydospores
(pulcherrima cells) (14) after 30 days culture at
15°C on corn-meal agar, dilute (1:9) corn-meal
agar, V-8 agar, and dilute (1 :9) V-8 agar (Fig. 1).
The strains did not form airplane-type vegetative
cells, which are characteristic of Metschnikowia
gruessii  (5). The characteristics observed were
quite different from the description of C. agrestis
(6), but similar to that of M. pulchervima IFO 16787,
except for the absence of lactate assimilation,
growth at 34°C, pulcherrimin pigmentation, and an
ascosporic state.
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Physiological and morphological characteristics
of IFO 10933 (C. agrestis) were quite different from
those of the above-mentioned three strains. These
characteristics were not identical to the description
of C. agrestis (6), but ubiquinone type and G+C
content were similar (Table 2). The strain formed
saturn-shaped ascospores after 7 days culture at
24°C on YM agar and corn-meal agar and all phys-
iological characteristics were identical to those of
Saturnispora zavuensis IFO 1384". Therefore, IFO
10933 (=JCM 10341=NRRL Y-17640=CBS 8055)
can be identified as S. zaruensis.

G+C content and DNA/DNA hybridization

The mol % G+C contents and DNA relatedness
among Candida agrestis IFO 10103, IFO 10932 and
IFO 10933, Candida sp. IFO 10931, Metschnikowia
species, and the reference species examined are
shown in Table 3.

Because of similar mol %6 G+C contents (46.1~
46.5) and high DNA relatedness (88~105 %), IFO
10103, IFO 10932 and IFO 10931 are identified as the
same species. Furthermore, their DNA relatedness
with other Metschnikowia species, including M.
pulchervima, was low (4~20 %). Based on these
determinations, the new species, Candida kofuensis
sp. nov., is proposed for these strains.

In contrast to the preceding strains, IFO 10933
and S. zaruensis IFO 1384" have mol % G+C con-
tents of 36.7 and show high DNA relatedness (92
%), which demonstrates that they are conspecific.

Candida kofuensis Mikata, Ueda-Nishimura,
Goto, Kurtzman, Suzuki, Yarrow et Nakase sp.
nov.(Candidaceae)

In liquid YM post dies 3 ad 25°C, cellulae globosae
ad ellipsoideae 3.9~8.0 X 5.4~9.1ym singulae aut
binae ; chlamydosporae absentes. Post unum men-
sem chlamydosporae praesentes plerumque,
globosae 5.4~10.7 X 7.5~14.5um vel subglobosae,
uninucleolatae typice ; sedimentum et annulus for-
mantur.

Cultura in agaro YM post unum mensem ad 25°C,
color cremeus vel suffuscus. Pulcherrimin pig-
mentum non praesens, pagina laevis et nitens,
margo integer. Pseudomycelium primitivum for-
mantur.

Glucosum fermentatur at non galactosum, su-
crosum, maltosum, cellobiosum, trehalosum,
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Table 2. Characteristics differentiating Candida sp., C. agrestis, Saturnispora zaruensis, and Metschnikowia

pulcherrima
C. agrestis
Candida sp. S. zaruensis M. pulchervima
IFO 10931 [FO  IFO  IFO  RIFY  ypq 3gyr IFO 1678"
10103 10932 10933 46119
Assimilation® of :
Galactose +° + + — - — +
D-Sorbose + + + - — — +
Sucrose + + + — + — +
Maltose + + + — — — +
Cellobiose + + + — + - +
Raffinose - - — - + — —
Melezitose + + + - + — +
D-Xylose w w w W — W +
D-Ribose + + + — — — +
Glycerol + + + — — — +
a-MGS + + + — VW - +
Salicin + + + — - — +
DL-lactate - — — + W + +
Citrate + + + - - - +
Glucosamine + + + — NT - +
Arbutin + + + — NT — +
10 % NaCl W w w — NT - +
Growth at 34°C - - NT + NT +
G+C mol % 46.5 46.3 46.1 36.7 37.8 36.7 45.1
Ubiquinone Q-9 Q-9 Q-9 Q-7 Q-7 Q-7 Q-9
Ascospores - - — saturn - saturn acicular
Chlamydospore + + + — — - +
Pulcherrimin
Pigment — - — — - - +
2 a-MGS, a-Methyl-D-glucoside ; 10 % NaCl, 10 % NaCl+5 % glucose
® +, Positive ; w, Weak growth ; vw, Very weak ; —, Negative ; NT, Not tested

© Reference (6)

lactosum nec raffinosum. Glucosum, galctosum, L -
sorbosum, sucrosum, maltosum, cellobiosum, tre-
halosum, melezitosum, D-xylosum (lente), D-
ribosum, D-glucosaminum, ethanolum, glycerolum,
ribitolum, D-mannitolum, D-glucitolum, «-meth-
ylum-D-glucosidum, salicinum, acidum gluconicum,
acidum succinium et acidum citricum assimilantur,
at non lactosum, melibiosum, raffinosum, inulinum,
amylum solubile, L-arabinosum, D-arabinosum, L-
rhamnosum, methanolum, erythritolum,
galactitolum, acidum DL-lacticum nec inositolum.
Ethylaminum, L-lysinum et cadaverinum as-
similantur at non kalium nitricum. Ad crescentiam

vitaminae necessariae sunt. In 10 % NaCl/5 %
glucoso crescentiae (exiguam) at non 0.01 % ciclo-
heximido. Ureum non hydrolysatur. Diazonium
caeruleum B non respondens. Maxima temperatura
crescentiae 32~33°C. Proportio molaris guanini+
cytosini in acido deoxyribonucleinico 46.1~46.4 mol
% per HPLC. Ubiquinonum majus Q-9.

Typus depositus in collectione Centraalbureau
voor Schimmelcultures, Delphi, Nederlandia (CBS
8058), et Institute for Fermentation, Osaka, Japonia
(IFO 10931).

Candida kofuensis (ko.fu. en’sis. L. adj. kofuensis,
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Fig.1. Photomicrographs of Candida kofuensis
IFO 10931 (=CBS 8058)
A : Vegetative cells in YM broth after 3 days at 25°C,
B : Chlamydospores on dilute corn-meal agar (1:9)
30 days at 15°C
Bar=10um

Vol. 15, No.2

pertaining to Kofu in Yamanashi Pref., where the
yeast was originally isolated).

Growth in YM medium : after three days at 25°C,
vegetative cells are globose to ellipsoidal,
(3.9~8.0) X (5.4~9.1) um, single, and reproduce by
multilateral budding. Chlamydospores (pulcherrima
cells) are not present. After one month at 25°C,
pulcherrima cells are usually present, highly re-
fractile, globose (5.4~10.7) X (7.5~14.5) um, or
subglobose, and contain one or more lipid globules.
A thin ring and abundant sediment are present ; a
pellicle is absent.

Growth on YM agar : after one month at 25°C,
growth is cream or tan-colored. Pulcherrimin
pigment is not present. The surface is smooth and
glistening, slightly raised and convex with an entire
margin. The texture is butyrous.

Dalmau plate cultures on corn-meal agar after
seven days at 25°C:a rudimentary pseudo-
mycelium is formed.

Table 3. DNA base compositions and levels of DNA relatedness between species belonging to Candida sp.,

C. agrestis, Saturnispora zaruensis, and Metschnikowia species

G+C content

% DNA Relatedness®

Species® Strain
(mol %) IFO 10103 IFO 13847 IFO 1678"
Candida sp. IFO 10931 46.1 88.1 15.8 17.6
C. agrestis IFO 10103 46.5 100 175 124
C. agrestis IFO 10932 46.3 105.5 14.6 17.0
C. agrestis IFO 10933 36.7 16.0 92.1 8.2
S. zaruensis IFO 1384T 36.7 12.0 100 5.8
M. agaves IFO 10860 43.4 10.2 NT NT
M. australis IFO 10783" 45.5 20.0 NT NT
M. bicuspidata IFO 1408™ 44.7 18.5 14.5 18.8
M. bicuspidata IFO 10785 45.3 10.2 NT NT
M. bicuspidata IFO 10786 43.9 5.0 NT NT
M. gruessii IFO 10788™ 41.8 8.6 NT NT
M. hawaiiensis IFO 107917 42.8 4.7 NT NT
M. krissii IFO 1677 43.6 16.7 NT NT
M. lunata IFO 16057 429 9.1 NT NT
M. pulcherrima IFO 1678" 45.1 14.6 12.5 100
M. pulchervima IFO 10796 45.2 16.5 17.1 91.2
M. pulcherrima IFO 10797 45.0 19.4 NT NT
M. reukaufii IFO 16797 40.6 18.7 NT NT
M. zobellii IFO 16807 47.7 16.9 NT NT
Sac. cerevisiae IFO 102177 38.0 11.7 15.0 4.4

& C., Candida ; M., Metschnikowia ; S., Saturnispora ; Sac., Saccharomyces

® NT, not tested
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Metschnikowia australis  1IFO 10783 (AB023465)

635 - Metschnikowia bicuspidata 1FO 1408 (AB023466)

Metschnikowia krissii  IFO 1677 (AB023467)

Metschnikowia zobellii IFO 1680 (AB023468)

Metschnikowia reukaufii  IFO 1679 (AB023469)

Candida kofuensis 1FO 10103, IFO 10931 = CBS 8058 (AB023471)

Metschnikowia gruessii  |IFO 10788 (AB023472)

IFO 1678 (AB023473)

Metschnikowia lunata  IFO 1605 (AB023474)

Metschnikowia agaves IFO 10860 (AB023475)

Metschnikowia hawaiiensis ~ IFO 10791 (AB023476)

Schizosaccharomyces pombe (X58056)

Fig. 2. Phylogenetic tree showing placement of Candida kofuensis among near relatives as represented by

the neighbor-joining method of 18S rDNA sequence

Numbers given at nodes are the percentage frequencies with which a given branch appeared in 1,000 bootstrap

replicates. GenBank, EMBL, and DDB]J accession numbers are shown in parentheses. Bar, sequence dissimilarity

value of 0.0099

Glucose is fermented. Galactose, sucrose, maltose,
cellobiose, trehalose, lactose and raffinose are not
fermented.

Glucose, galactose, L-sorbose, sucrose, maltose,
cellobiose, trehalose, melezitose, D-xylose (weak),
D-ribose, D-glucosamine, ethanol, glycerol, ribitol,
D-mannitol, D-glucitol, a-methyl-D-glucoside,
salicin, D-gluconate, succinate and citrate are as-
similated. Not assimilated are lactose, melibiose,
raffinose, inulin, soluble starch, L-arabinose, D-
arabinose, L-rhamnose, methanol, erythritol,
galactitol, DL-lactate and inositol.

Ethylamine, L-lysine and cadaverine are as-
similated ; nitrate is not assimilated. No growth
occurred in 100 ppm cycloheximide and vitamin-
free medium. Growth developed in 10 % NaCl-5 %
glucose (weak). Urease is negative. The diazonium
blue B reaction is negative. Maximum growth tem-
perature is 32~33°C.

The G+C content of the nuclear DNA is 46.1~
46.3 mol %, as determined by HPLC. The major
ubiquinone is Q-9. '

Cultures of the type strain from wild grapes have

been deposited in the Centraalbureau voor Schim-
melcultures, Delft, The Netherlands (CBS 8058),
and the Institute for Fermentation, Osaka, Japan
(IFO 10931).

Phylogenetic analysis

18S rDNA and 26S rDNA domain D1/D2
sequences of Candida kofuensis and Metschnikowia
species were determined by the direct method.

The phylogenetic tree from 18S rDNA was deter-
mined by the neighbor-joining method and is shown
in Fig.2. The 18S rDNA sequences for Candida
kofuensis IFO 10103 and IFO 10931" are identical.
The single most parsimonious tree derived from
maximum parsimony analysis of domain D1/D2 26S
rDNA is shown in Fig.3. Placement of Candida
kofuensis differs somewhat in the two gene trees,
probably because of weak internal bootstrap sup-
port, but both analyses clearly demonstrate that this
new species is well nested within the Metschnikowia
clade.
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— Met. agaves

Met. hawaiiensis
81

Met. lunata
62

97 Met. pulcherrima

Met. gruessii

Candida kofuensis

Met. bicuspidata var. bicuspidata
93
Met. bicuspidata var. californica

Met. bicuspidata var. chathamia

63

Met. australis

Met. zobellii

L Met. krissii

—— Met. reukaufii

Clay. lusi
94

—— Clav. opuntiae

Schiz. pombe

Fig.3. Phylogenetic tree showing placement of
Candida ‘kofuensis among near relatives as rep-
resented by the single most parsimonious tree der-
ived from maximum parsimony analysis of domain
D1/D2 26S rDNA

Branch lengths are proportional to nucleotide differ-
ences as indicated by the marker bar. Numbers given
at nodes are the percentage of frequencies with which
a given branch appeared in 1,000 bootstrap replicates.
Frequencies under 50 % are not given. Tree length=
658, consistency index =0.639, retention index =0.489,
rescaled consistency index =0.321, homoplasy index=
0.362, parsimony informative characters=139.
Schizosaccharomyces pombe served as outgroup species
for the analysis. Abbreviations : Clav.= Clavispora,
Met. = Metschnikowia, Schiz.= Schizosaccharomyces

DISCUSSION

In this study, three strains designated as C. agres-

tis were examined and were separated into two

species, S. zaruensis and C. kofuensis sp. nov. Phys-

iological and morphological characteristics of C.

Vol. 15, No.2

agrestis IFO 10933 (=CBS 8055=NRRL Y-17640)
were similar to those of S. zaruenmsis IFO 13847
(=NRRL Y-7008") (Table3). Furthermore, the
DNA/DNA reassociation studies reported here, and
the domain D1/D2 rDNA comparison (12) clearly
demonstrated the two taxa to be conspecific.
Although it is impossible to reexamine C. agrestis
RIFY 46117 (=No. 611) because it is now lost, S.
zaruensis IFO 10933 (=CBS 8055=NRRL Y-17640)
was compared with the original description of C.
agrestis (6). The major ubiquinone type Co Q-7 and
the mol % G+C content of 37.8 reported in the
original description of C. agrestis (6) corresponded
to those of S. zaruensis. However, assimilation of
sucrose, cellobiose, raffinose and melezitose were
not identical. Because of these differences, the iden-
tity of RIFY 4611 and IFO 10933 (=CBS 8055=
NRRL Y-17640) as C. agrestis is uncertain, and the
proposed synonymy with S. zaruensis (10) cannot
be verified with certainty.

Physiological characteristics of C. agrestis strains
IFO 10103 and IFO 10932 (=JCM 2321) were quite
different from the original description of C. agrestis
(6) but were similar to those of Candida sp. IFO
10931 (=CBS 8058=RIFY 4841). On the bases of
phylogenetic analysis (Figs.2, 3) and DNA/DNA
hybridization tests (Table 3), C. agrestis IFO 10103,
IFO 10932 (=JCM 2321) and Candida sp. IFO 10931
(=CBS 8058=RIFY 4841) represent a new anamor-
phic species of the Metschnikowia clade, which is
described as Candida kofuensis sp. nov. C. agrestis
RIFY 46117 (=CBS 8055 ), Candida sp. RIFY 4841
(=CBS 8058) and Candida sp. RIFY 4933 (=CBS
8059) were sent by Goto to CBS. Candida sp. IFO
10931 (=CBS 8058 =RIFY 4841) was reidentified as
C. kofuensis sp. nov. Candida sp. CBS 8059 (=RIFY
4933) was observed to form needle-shaped asco-
spores by Yarrow (unpublished), which is charac-
teristic of Metschnikowia species, however, the cul-
ture is lost now and so it is impossible to reexamine
it. On the basis of these facts, it is assumed that
Candida sp. RIFY 4841 or Candida sp. RIFY 4933
was sent to JCM and IFO as C. agrestis RIFY 46117
(=No. 611).

Acknowledgements. Thanks are given to Christie ].
Robnett for determining the domain D1/D2 26S rDNA
sequences.
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Candida agrestis £ L CHLE NI BROBRE, 8LV
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Candida agrestis RIFY 46117 & L THEINTWw 3 [FO 10103 3 X FIFO 10932 (=JCM 2321), 8LV
Candida sp. RIFY 4841 & LTI T 5% IFO 10931 (=CBS 8058) 13EMHLT % R L FEIFIIR L 72
WIS, BRI Candida pulchervima (Metschnikowia pulchervima D7 FEN7) WEMT 5, LarL,
FNF ) S EBEEE, LBELYE GHCEE, BLXUMCTOERBIBLTHET S I Lns, ¥ Can-
dida kofuensis (E¥#ERR IFO 10931=CBS 8058) rda&¥d 5 2 & 2EL. —F, UL C. agrestis RIFY 46117
Y LTEE s IFO 10933 (=JCM 10341=NRRL Y-17640=CBS 8055) %, HEER & B MK & Satur-
nispora zaruensis L [FE L7z, RIFY 4611 & U CHFFEE NRIZ, C. kofuensis B & O S. zaruensis O 2 3#fid %
ZEDHLER ST,
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