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Among yeast strains of human origin belonging to the genera Candida, Cryp-
tococcus, Torulopsis, and Rhodotorula which were examined for killer and
sensitive characteristics with killer and sensitive strains of Cryptococcus, Hansen-
ula, Kluyveromyces, Pichia, Saccharomyces, and Torulopsis as screening orga-

nisms, a high incidence of sensitivity to killer toxins was observed within the
genera Candida and Torulopsis. Of 142 strains tested, 116 strains distributed
over all Candida and Torulopsis species examined were sensitive to one or more
killers. Several new intergeneric killer-sensitive relationships are described. Fur-
thermore, killing activity was exhibited by six strains of Candida (C. krusei, C.
guilliermondii) and three strains of Torulopsis (T. glabrata).

Killer-sensitive relationships are observed be-
tween yeast strains of various genera and species
(10, 13) and both inter- and intrageneric inter-
actions are established. (2, 10, 13; E. A. Bevan
and M. Makower, Proc. Int. Cong. Genet. XI 1:
203, 1963). Killer toxin-producing strains appear
to be immune to the action of their own toxin.
However, several reports (2, 11, 13, 15, 17) show
that killer strains may be sensitive to the killing
action of toxins produced by other strains, and
even interactions between two different killer
yeasts are observed in which both toxins bypass
each others immunity system (2, 3, 11, 17). The
toxins are characterized as (glyco-)proteins of
low molecular weight and are supposed to act on
the yeast plasma membrane by changing its
permeability properties (1, 12).
Among the asporogenous yeasts, sensitive and

killer properties were previously reported within
the genera Candida (10, 11, 13, 17), Cryptococ-
cus (13), and Torulopsis (2,10, 13, 17). Recently,
Kandel and Stern (6) surveyed the frequency of
naturally occurring killer and sensitive strains in
potentially pathogenic yeast strains from the
genera Candida, Cryptococcus, Torulopsis, and
Trichosporon. In this study a number of hitherto
unreported relationships were identified (e.g.,
killing of Cryptococcus and Candida species by
Saccharomyces and Torulopsis). Furthermore,
they found that killer and sensitive characteris-
tics were exhibited by 3 and 11% of the 236
strains tested, respectively. It is noteworthy that
none of the 120 strains of Candida albicans
tested in this investigation could be identified as
killer or sensitive.

The present paper describes results concern-
ing a screening for killer-sensitive properties
among isolates of the opportunistic human path-
ogens of the genera Candida and Torulopsis.
This study was undertaken because the patho-
genic yeasts were left out of consideration in a
former study (13). Moreover, we had at our
disposal several strains of known killer status
(killer or sensitive) of the genera Cryptococcus,
Hansenula, Kluyveromyces, Pichia, Saccharo-
myces and Torulopsis, which could be used as
appropriate screening organisms in this survey.

MATERIALS AND METHODS

Microorganisms. The yeast strains under investi-
gation were isolated from various clinical sources (e.g.,
feces, sputum, urine, blood, mouth, vagina, cervix,
throat) in the Department of Medical Microbiology.
Determination of the strains was performed by the
method of English (4). Additional isolates were ob-
tained from J. Beertema, Department of Bacteriology,
Centraal Ziekenhuis, Alkmaar (9 Candida albicans, 3
Candida tropicalis, 1 Candida parapsilosis, and 6
Torulopsis glabrata), C.F.A. Heyen, Department of
Bacteriology, St. Elisabeth Ziekenhuis, Tilburg (15 C.
albicans), and M. Rozenberg-Arska, Department of
Clinical Bacteriology, Academisch Ziekenhuis,
Utrecht (24 C. albicans and 1 C. tropicalis). Eight
strains from the Centraalbureau voor Schimmelcul-
tures (C. albicans CBS 562; Candida guilliermondii
CBS 566; Candida krusei CBS 573; C. parapsilosis
CBS 604; Candida pseudotropicalis CBS 607; Can-
dida stellatoidea CBS 1905; C. tropicalis CBS 94; T.
glabrata CBS 138) and Cryptococcus neoformans
strain 15 (7) were also included in the screening. Killer
(k) and sensitive (s) Saccharomyces strains (S. cere-
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visiae A 8209 B [k/s] and SCF 1717 [s]) were kindly
provided by G.R. Fink; killer and sensitive strains from
the genera Cryptococcus (Cryptococcus laurentii 1026
[k]; Cryptococcus albidus 1038 [s]), Hansenula (Han-
senula sp. 1034 [k]), Kluyveromyces (Kluyveromyces
sp. 1024 [k]), Pichia (Pichia kluyveri 1002 [k]; Pichia
sp. 1035 [k]) and Torulopsis (Torulopsi sp. 1027 [k])
were isolated during an earlier study (13). The strains
were subcultured each fortnight on YEPD agar slants
(1% yeast extract, 2% peptone, 2% glucose, 2% agar)
and stored at 4°C.

Detection of killer-sensitive relationships.
Clinical isolates, CBS strains, and C. neoformans
strain 15 were tested for killer or sensitive properties
or both in five separate series (of 11, 21, 10, 20, and 21
strains, respectively) in the following way. Organisms
to be tested were grown for 18 h in 10 ml of 0.1 M
citric acid-K2HPO4-buffered YEPD medium, pH 4.5,
at 25°C in a New Brunswick Gyrotory shaker at 110
rpm. A 100-fold dilution of the culture in sterile YEPD
medium was prepared, and 1 ml of this dilution was
mixed in a petri disk with YEPD agar medium
buffered at pH 4.5 (0.1 M citric acid-K2HPO4) and
containing 0.003% methylene blue. In every series all
killer and sensitive indicator strains of the genera
Cryptococcus, Hansenula, Kluyveromyces, Pichia,
Saccharomyces, and Torulopsis were included, and
seeded agar plates of these strains (in the last three
series of the sensitive indicator strains only) were
prepared as described above. All isolates of the series
under investigation and the indicator strains were
inoculated onto the seeded agar plates. In addition 50
pl of 100-fold-concentrated preparation of P. kluyveri
1002 toxin (8) was put in a well (7 mm) in these plates,
which were then incubated at 25°C for 24 to 48 h. If
an inoculated strain (or the well) was surrounded by
a region of bluish-colored celLs or by a clear zone of
inhibition bounded by colored cells, it was designated
as a killer strain, and the seeded strain was designated
as a sensitive one. Every isolate, which was identified
as a killer within a series, was included in all subse-
quent series. The isolates obtained from the other
hospitals were tested for sensitivity with the indicator
killer strains and for toxin production with the indi-
cator sensitive strains.

RESULTS

Sensitivity to killer toxins of yeast
strains from different genera. Seventy-four
yeast isolates were tested for sensitivity to killer
toxins produced by strains of Cryptococcus,
Hansenula, Kluyveromyces, Pichia, Saccharo-
myces, and Torulopsis at pH 4.5 by the seeded
agar technique (14) with methylene blue as dye
for killed cells. The pH value of testing was
chosen since most killer strains produce toxins,
which are active at this pH (8, 10, 14, 16). Of the
74 strains tested, 59 exhibited sensitivity to one
or more of the killer strains used, and sensitivity
was distributed with high frequency among all
Candida and Torulopsis species examined. De-

tailed results of the screening are presented in
Table 1, which shows all killer-sensitive relation-
ships observed between the reference killer
strains and isolates and the intensity of these
interactions. In this table, isolates of the same
genus and species are grouped according to sim-
ilar patterns ofsensitive properties. Several hith-
erto unreported relationships were established:
(i) with the exception of one strain of C. albi-
cans, all isolates of the species examined (C.
albicans, C. guilliermondii, C. krusei, C. par-
apsilosis, C. tropicalis, and T. glabrata) which
were identified as being sensitive were killed by
one of the two Pichia killers; (ii) Hansenula sp.
1034 killed the larger part of the isolates of all
species tested; (iii) Kluyveromyces sp. 1024 killed
several strains of C. krusei, C. parapsilosis, C.
tropicalis, and T. glabrata; and finally (iv) S.
cerevisiae A8209B killed one strain of both C.
parapsilosis and C. tropicalis and a number of
C. krusei and T. glabrata strains. However, a
few strains were identified as sensitive only with
a 100-fold-concentrated preparation of the toxin
produced by P. kluyveri 1002, whereas these
strains were not killed by inocula of this killer.
Similar observations were reported by Kandel
and Stern (6), who demonstrated sensitivity of
several strains only with concentrated toxins.
This suggests that an even higher frequency of
sensitivity may be found when the isolates
should be tested with high-titer solutions of the
toxins of the killer strains.
No interactions were observed between the

killer strains Kluyveromyces sp. 1024 and S.
cerevisiae A 8209B' and isolates of C. albicans
and C. guilliermondii. Furthermore, none of the
tested isolates was found to be sensitive to rep-
resentative members (C. laurentii 1026 and To-
rulopsis sp. 1027) of the second killer group
'described by Stumm et al. (13). The one strain
ofRhodotorula under investigation did not show
sensitivity to any of the killers used. The results
presented in Table 1 show that Hansenula sp.
1034 and Pichia sp. 1035 have a much broader
spectrum of action than the other killer strains
used in this study, which confirms the result of
an earlier report (13).
Regarding the frequency of sensitivity, the

aforementioned results differ significantly from
other studies (6, 13). To ensure that these results
do not only represent a local situation but have
a more general validity, 59 isolates of Candida
and Torulopsis species from other hospitals (see
Materials and Methods) were tested. The results
of this additional screening (data not shown)
confirm those presented in Table 1 with respect
to both incidence (51 strains were sensitive) and
patterns of sensitivity.
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In addition to the 133 clinical isolates of Can- formans (7) were included in the test procedure.
dida, Torulopsis, and Rhodotorula, 8 strains of The interactions of these strains with the seven

the Centraalbureau voor Schimmelcultures reference killer strains are shown in Table 2. Six
(Delft, The Netherlands) and a strain of C. neo- of the nine strains examined were sensitive to

TABLE 1. Kilkr-sensitive interactions among killer yeasts of different genera and clinical isolates of the
genera Candida, Torulopsis, and Rhodotorula

Degree of killing for:b
No. of

Seeded strains isolates Group' Hansenup a Kluymer- P.kluyri Pichia fsiaer
tested

sp 04 myces 1002i sp&c S.3 c8ieresp.104 002sp2135 A8209B

C. albicans 38 A (22) 1-2 - - 1-2
B (2) 2 - 1-2 2
C(2) - - - 2 -
D (1) 2 _ _ _

C. guilliermondii 3 A (1) 2 _ 2
C. krusei 5 A (3) - -_c - -

B (2) (1) 1-2 1-2 2 1-2
C. parapsilosis 9 A (4) 2 2 - 2 -

B (2) 2 2 1-2 2 -
C (2) 2 - - 2 -
D (1) 2 2 2 2 2

C. tropicalis 7 A (3) 2 - - 2 -

B (2) 2 1-2 - 2 -
C (1) 2 2 2 2 2

T. glabrata 11 A (3) 1 - 1-2 (1) 2
B (2) 1-2 2 2 1-2 2
C (2) - 1-2 2 (1) 2
D (2) - - 2 (1) 1
E (1) 2 2 - 2 _
F (1) - - 1c _

Rhodotorula sp. 1

aIsolates are grouped according to similar sensitive properties. The number of isolates is given within
parentheses.

b The degree of killing is indicated as follows: - = no killing; (1) = no or weak killing within a group; 1 =

weak killing (region of colored colonies <2 mm); 2 = strong killing (region of colored colonies, sometimes
together with a clear zone of inhibition, -2 mm).

c The interactions were only identified with a 100-fold-concentrated preparation of the toxin.

TABLE 2. Killer-sensitive interactions among killer yeasts of different genera and CBS-strains of the genera
Candida and Torulopsis and C. neoformans strain 15

Degree of killing for:b

Seeded 8traiI18a Hansenula Kluyvero- P. kluyveri Pichia Si.cere- C. Iaurentii Torulopsis
sp. 1034 myces 1002 sp. 1035 visiae 1026 sp. 1027sp. 1024 A29

C. albicans 2 - 2 2 - -

CBS 562
C. pseudotropicalis - 2 2 _
CBS 607

C. stellatoidea 2 - 2 2 - _
CBS 1905

C. tropicalis 2 - 2 - -
CBS 94

T. glabrata 2 - 2 2 2 - -

CBS 138
C. neoformans - - - - - 2 2

strain 15
a C. guilliermondii CBS 566, C. krusei CBS 573, and C. parapsilosis CBS 604 were also tested but did not

show sensitivity to any of the killer strains used.
b The degree of killing is indicated as in Table 1.
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two or more ofthese killer strains, and sensitivity
was established within two new Candida spe-
cies, namely C. pseudotropicalis and C. stella-
toidea. The patterns of sensitivity observed for
the CBS strains of Candida and Torulopsis are
in good agreement with those found for the
clinical isolates. C. neoformans strain 15 was
only killed by strains of Cryptococcus and To-
rulopsis, which represent a separate group of
killer-sensitive strains (13). However, the detec-
tion of sensitivity among C. neoformans to killer
strains of S. cerevisiae (6), which probably be-
long to the other killer-sensitive group observed
by Stumm et al. (13), suggest that Cryptococcus
strains, like Torulopsis strains (reference 13 and
this paper), may belong to either of both killer-
sensitive groups described by these authors.

Killer properties among isolates of the
human yeast pathogens Candida and To-
rulopsis. In the test procedure, which was de-
scribed in Materials and Methods, sensitive
strains of Saccharomyces (S. cerevisiae SCF
1717 and A 8209 B) and of Cryptococcus (C.
albidus 1038) were included to detect killing
activity among the strains to be tested. Of 142
strains examined, killer properties were observed
for 9 strains including all 5 isolates of C. krusei,
1 of C. guilliermondii, and 3 of T. glabrata
(including T. glabrata CBS 138). Sensitive
strain S. cerevisiae SCF 1717 was killed by all
these killers. From these strains, the isolates of
C. krusei and a strain of T. glabrata did not
show further interactions, whereas C. guillier-
mondii killed an isolate of C. tropicalis, which
was also affected by one of the T. glabrata
killers. This strain of T. glabrata also interacts
with one isolate of C. parapsilosis and three of
T. glabrata, including both other killers identi-
fied within this species. Finally, S. cerevisiae A
8209 B exhibited sensitivity to T. glabrata CBS
138.

DISCUSSION
Recently, Kandel and Stem (6) surveyed the

killer phenomenon in potentially pathogenic
yeasts and found approximately 3 and 11% of
the 236 strains tested to show killer or sensitive
characteristics, respectively. These authors used
Saccharomyces and Torulopsis strains ofknown
killer status for the examination of both killer
activity and sensitivity among the strains to be
tested. The present study describes the results
of a similar screening with a number of strong
killer strains belonging to several other yeast
genera, namely Cryptococcus, Hansenula, Kluy-
veromyces, and Pichia as screening organisms
besides killer and sensitive strains of S. cerevi-
siae and Torulopsis. With these tester

strains, results were obtained which differ mark-
edly from those of Kandel and Stern (6); espe-
cially, the frequency of occurrence of sensitive
properties among the isolates tested was found
to be several times higher in our screening. Of
142 strains tested, sensitivity to one or more
killers was observed for 116 strains distributed
over all Candida and Torulopsis species exam-
ined. For C. albicans (70 of the 87 strains were
sensitive) and T. glabrata (all 17 strains tested
were sensitive), which are the two most common
pathogenic yeasts (5), the frequencies of sensi-
tivity were established to be 79 ± 9% and 100 -
20%, respectively. However, with the killer strain
of S. cerevisiae (A 8209 B) only 20 strains were
detected as sensitive, and according to the re-
sults of Kandel and Stern (6) no sensitivity was
found among isolates of C. albicans with this
tester strain. In contrast to these authors, who
could not detect killer properties within the ge-
nus Candida, killing activity was exhibited by
six strains of Candida (five C. krusei; one C.
guilliernondii). These data clearly show the
importance of the choice of killer and sensitive
screening strains and can give an explanation for
the apparent underestimation of the frequency
of sensitive properties among the pathogenic
yeasts as found by Kandel and Stem (6). It
should be interesting to investigate Candida and
Torulopsis strains from other than human origin
to see whether a similar high incidence of sen-
sitive properties is found among these strains.
However, the factors underlying the phenome-
non of high frequency of sensitivity, which was
not yet observed in other yeast genera, remain
unclear.
A possible role of yeast killer toxins as anti-

fungal drugs in the treatment of infections due
to the human yeast pathogens, as suggested by
the high incidence of sensitive properties among
these strains, would be limited because of their
lability at neutral pH and at elevated tempera-
ture.
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