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Yeasts of the genus Metschnikowia Kamienski pro�
ducing needle�shaped ascospores are divided into two
ecological groups. Some of them are found in aquatic
habitats and can be isolated from marine and fresh
waters, algae, fish, small animals (water fleas, shrimps,
and trematodes), to which they are pathogenic. Other
species can be revealed in the phyllosphere (flowers
and fruits); they are probably facultative pathogens of
pollinating insects [1]. These ecological groups differ
from each other in their sensitivity to mycocins (killer
toxins) produced by group II strains of Pichia punc�
tispora (Mélard) Dekker. Unlike aquatic species, ter�
restrial species are resistant to mycocins [2]. The dif�
ferences in sensitivity to mycocins, which are taxon�
specific [1], are probably not restricted to the
mycocins produced by P. punctispora.

In this work, aquatic and terrestrial members of the
genus Metschnikowia were studied with regard to their
sensitivity to the fungicidal mycocins produced by
P. membranifaciens Hansen [3], a close relative of
P. punctispora.

MATERIALS AND METHODS

In our study, we used strains obtained from the
Russian Collection of Microorganisms (VKM,
http://www.vkm.ru). Mycocin�producing strains are
listed in Table 1. They are grouped according to the
action spectra of their mycocins within P. membrani�
faciens, including its anamorph, Candida valida (Leb�
erle) van Uden et Buckley. The tests were performed
on glucose–peptone medium with glycerol and succi�
nate–sodium or citrate–phosphate buffers (pH 4.5

and 5.0) using the “culture versus culture” method [3].
The sensitivity of the studied cultures to mycocin was
determined by the presence of growth inhibition zones
surrounding the colonies of mycocin�producing
strains on the agar surface. The diagnostic properties
of the studied yeast strains were determined on recom�
mended media using standard methods [1].
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Table 1.  Mycocin�producing strains of Pichia membranifaciens
grouped on the basis of their intraspecific action spectra [3]

Strains Groups

VKM Y�166 (Willia belgica, T) VII

VKM Y�242 (Mycoderma decolorans, T) VI

VKM Y�284 (Pichia alcoholophila) VII

VKM Y�299T (P. membranifaciens) VII

VKM Y�843 (Zygopichia chevalieri) VIII 

VKM Y�898 (Pichia chodati var. fermentans, A) VI

VKM Y�1158 (P. membranifaciens) IX

VKM Y�1159 (P. membranifaciens var. belgica) VI

VKM Y�1160 (P. membranifaciens var. belgica) IX

VKM Y�1259 (P. membranifaciens) VII

VKM Y�1390 (P. saccharophila) VII 

VKM Y�1493 (Mycoderma valida, T) VI

Note: The names under which the cultures were obtained by the
Russian Collection of Microorganisms (VKM) are given in
parentheses. T, type strain, NT, neotype strains, and A,
authentic strains.
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RESULTS

The grouping of mycocin�producing strains by
their action spectra against Metschnikowia species dif�
fers from the grouping [3] based on the study of only
P. membranifaciens strains (Table 1). The groups VI
and VII determined during the previously performed
intraspecific screening split up, and some strains fell
into group IX (Table 2).

The action spectra of specific mycocins produced
by P. membranifaciens strains are different among

Metschnikowia species. For instance, the mycocin
produced by strain VKM Y�843 had no effect on these
species, whereas the mycocin produced by strain
VKM Y�284 had a weak effect only on M. australis
(Fell et Hunter) Mendonca�Hagler et al. Other
aquatic species and varieties [M. bicuspidata
(Metschnikov) Kamienski var. californica Pitt et
Miller, M. bicuspidata (Metschnikov) Kamienski var.
chathamia Fell et Pitt, M. krissii (van Uden et Castelo�
Branco) van Uden, and M. zobelii (van Uden et
Castelo�Branco) van Uden)], including the type spe�

Table 2.  Action spectra of the mycocins produced by Pichia membranifaciens within the genus Metschnikowia

Species, strains

Groups of mycocin�producing strains, VKM Y�

843 284
242
1493

166 
299
898

1158
1159
1160 
1390 1259

Metschnikowia agaves VKM Y�2840T, 2841 – – – – –

M. pulcherrima VKM Y�4 (Asporomyces uvae) – – – – –

VKM Y�64 (Candida pulcherrima, NT) – – – – –

VKM Y�82 (Cryptococcus interdigitalis) – – – – –

VKM Y�757 (Torulopsis pulcherrima) – – – – –

VKM Y�758 (T. pulcherrima var. variabilis, T) – – – – –

VKM Y�921, 1208, 1228 – – – – –

VKM Y�1467 (Chlamydozyma reukaufii) – – – – –

VKM Y�1468 (Ch. pulcherrima) – – – – –

VKM Y�1478 (Torulopsis burgeffiana) – – – – –

VKM Y�1479, 1490, 1955, 2521–2529 – – – – –

M. reukaufii VKM Y�1466, 1542 (Chlamydozyma zygota) – – – – –

Candida pulcherrima VKM Y�703 (Torula rubefaciens, T) – – – – +

M. gruessii VKM Y�2 (Nectaromyces reukafii, T), 1591 – – – – +

M. lunata VKM Y�1651T – – – – +

VKM Y�2520 (Schizoblastosporion kobayashii, T) – – – – +

M. bicuspidata VKM Y�1284 (M. kamienskii, T) – – w + +

VKM Y�2628HT – – + + +

M. bicuspidata var. californica VKM Y�2672T – – + + +

M. bicuspidata var. chatamia VKM Y�2671T – – + + +

M. zobellii VKM Y�221T – – + + +

M. krissii VKM Y�220T – – + + +

M. australis VKM Y�2670T – w + + +

Note: Designations: +, sensitive; w, weak sensitivity; –, in sensitive. Other designations: see Table 1.
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cies of the genus, M. bicuspidata (Metschnikov)
Kamienski, were resistant to this mycocin. The
aquatic Metschnikowia species were found to be sensi�
tive to all other mycocins produced by P. membranifa�
ciens (Table 2). Among all cultures of M. bicuspidata,
only the type strain M. kamienskii Spencer et al. has a
weak sensitivity to the mycocins produced by strains
VKM Y�242 and VKM Y�1493.

Contrary to the aquatic species, the terrestrial spe�
cies M. pulcherrima Pitt et Miller and M. reukaufii Pitt
et Miller, widely occurring in nature, are resistant to
all mycocins produced by P. membranifaciens. The
species M. gruessii Giménez�Jurado and M. lunata
Golubev are also resistant to these mycocins, with the
exception of the mycocin produced by strain VKM Y�
1259 and having the broadest action spectrum
(Table 2). The type strain Torula rubefaciens Gros�
büsch VKM Y�703 (= CBS 2238) is also sensitive to
the mycocin of strain VKM Y�1259. Although this
strain is listed under the name M. pulcherrima in the
VKM and CBS (Centraalbureau voor Schimmelcul�
tures) catalogues, we failed to detect either “pulcher�
rima” cells or ascospores. This strain produces poly�
morphic cells and is able to synthesize pulcherrimin.

DISCUSSION

The differentiation of the ecological groups within
the genus Metschnikowia demonstrated in this work
corresponds to that based on the sensitivity
to P. punctispora mycocins, except for the species
M. lunata, which was grouped with the aquatic species
on the basis of its response to these mycocins [2].

The sensitivity to mycocins is determined, first of
all, by the presence of mycocin�binding receptors
containing glucans, mannans, or chitin on the surfaces
of yeast cells [4]. Various P. membranifaciens strains
produce mycocin sorbed by glucans [5] or mannans
[6]. There is evidence that Metschnikowia species dif�
fer in their cell wall compositions. According to the
results of hydrolysate analyses, glucans prevailed in the
cell walls of aquatic species; in the cell walls of terres�
trial strains, the content of glucans was considerably
lower, while the content of mannans was double that in
the aquatic strains [7]. These biochemical differences
were possible reasons for different responses of the
aquatic and terrestrial Metschnikowia species to the
mycocins produced by P. membranifaciens and
P. punctispora.

The differences between aquatic and terrestrial
Metschnikowia species in their sensitivity to mycocins
(Table 2) correlate with the results of molecular bio�
logical investigations, according to which they form
different phylogenetic groups [8–10]. Unlike aquatic
species, the terrestrial ones produce chlamydospores,
so�called “pulcherrima” and “reukafia” cells, which
than are transformed into asci. All these morphologi�
cal, biochemical, and molecular biological character�
istics suggest that the genus Metschnikowia Kamienski

with the type species M. bicuspidata should be
restricted to aquatic species.

On the basis of the level of DNA–DNA homology
(about 90%) [11], M. kamienskii is now regarded as a
synonym for M. bicuspidata var. bicuspidata [1]; how�
ever, cell hybridization between these species has not
been observed [12]. The differences between these
species in their sensitivity to mycocins, as well as in
their maximum growth temperatures [1], allow us to
regard M. kamienskii as a variety, i.e., M. bicuspidata
var. kamienskii.

The taxonomic position of T. rubifaciens, which is
sensitive to the mycocin produced by strain VKM Y�
1259, is yet to be determined (Table 2). Its name was
previously listed among the synonyms of C. pulcher�
rima (Lindner) Windisch [13]. For this strain, there is
no information on the induction of ascospore forma�
tion. It differs from M. gruessii and M. lunata in its
ability to produce pulcherrimin, as well as in some
morphological and assimilation characteristics.
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