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Differential killer sensitivity as a tool for fingerprinting wine-
yeast strains of Saccharomyces cerevisiae
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The extreme variability of the killer phenomenon in nature, expressed differently in different strains of the same
yeast species, embodies an exceptional potential for the discrimination of yeasts at the strain level. Killer-sensitive
relationships between a killer reference panel of 24 yeasts belonging to 13 species of six genera, and different
industrial wine-starters of Saccharomyces cerevisiae can be used profitably for a rapid and simple fingerprinting pro-

cedure.
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Introduction

The introduction of the concept of microbiological inven-
tion in patent protection inevitably brought forth the need
for a precise taxonomic characterization of the culture used
in the process. Even though the comparison of whole DNA
sequences [3] unequivocally and indisputably bears out
conspecificity, the proof of ownership of a given microor-
ganism is always intricate since the patentee cannot rely
solely upon the name of a species to cover other strains not
yet isolated or developed. Nevertheless, it is evident that
actual protection in legal disputes can only be enforced if
classification discriminates within the species, to the
strain level.

Certain yeasts have the ability to secrete low molecular
weight glycoproteins (killer toxins) which inhibit the
biosynthesis of DNA, RNA, proteins and polysaccharides
in sensitive cells of the same species and/or other taxa car-
rying a specific receptor on the outer cell surface {2,12,17].
Killer activity is common among yeast strains recently iso-
lated from nature as well as those which have been main-
tained in culture collections [2,6,8,11,20]. Even though the
protein moieties of only four toxins have been sequenced
[K1, K2 and K3 in Saccharomyces cerevisiae Meyen ex
Hansen, and pGK1 in Kluyveromyces lactis (Dombrowsky)
van der Walt], ecclogical evidence points to the presence
of a number of specific toxins, unevenly distributed among
a large number of species [19]. In addition, since specificity
of action by toxins requires recognition sites on the outer
wall of sensitive cells, four or more different receptors must
also be distributed among different species and strains. The
extreme variability of the killer phenomenon, which has
been shown to be expressed differently even in different
strains of the same species, may provide an exceptional
potential for the discrimination of yeast strains below the
species level. This paper reports the results of an investi-
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gation of the discriminating performance of a panel of 24
yeast killer cultures (13 species in six genera) on several
strains of S. cerevisiae isolated from preparations of com-
mercially available selected starters for wine-making.

Materials and methods
Microorganisms

Killer cultures: All yeast strains listed in Table 1 were
selected as a result of a series of screening surveys for the
presence of killer toxins [8-10] which have been carried
out at the DBVPG Industrial Yeasts Collection [5]. These
cultures had been isolated over the years from many differ-
ent natural environments and belong to several ascoporo-
genous and anascosporogenous genera. To conserve space,
each killer culture is identified by using a three-letter
abbreviation (one capitalized for the genus and two lower
case for the species) followed by a number for the strain.
Additional information on the nuclear or plasmid origin of
some of the toxins is reported in Table 1. Killer yeast iso-
lates are maintained in the DBVPG collection in lyophilised
form and as deep frozen samples at —70°C.

Industrial cultures: Eleven yeast strains were used to
test the activity of the killer strains (killer panel) for dis-
crimination at the strain level. These were obtained as pure
cultures of several selected starters for wine-making com-
mercialized in Italy, by streaking them on malt-agar. Sensi-
tive cultures are identified by Roman numerals (Table 2).
Information on correspondence with respective brand
names is available upon request.

Assay of the killing activity

Strains to be tested for sensitivity were grown for 24 h on
a malt agar slant; 10° cells (determined spectro-
photometrically) were then suspended in 1ml of sterile
water. These were mixed thoroughly with 19 ml of molten
Bacto Malt Agar (Difco, Detroit, MI, USA) prepared in
citrate-phosphate buffer, pH4.5. The suspension was
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Table 1 The cultures used for the killer reference panel 125
Species DBVPG* Killer Origin Killer information
Accession No. designation
Candida berthetii 6203 Cbe 1 gum arabic
C. freyschussii 6208 Cfr 1 unknown
C. membranaefaciens 6145 Cme 1 urine
Debaryomyces sp 3020 Dsp 1 unknown
Kluyveromyces lactis 6727 Kla 5 creamery plasmid
K. phaffii 6076 Kpf 1 soil nuclear
K. wickerhamii 6077 Kwi 1 unknown nuclear
Pichia anomala 3003 Pan 1 baker’s yeast nuclear
P. anomaia 3649 Pan 2 soil nuclear
P. anomala 3650 Pan 3 soil nuclear
P. anomala 3863 Pan 4 honey nuclear
P. anomala 3864 Pan 5 honey nuclear
P. minuta 3671 Pmi 1 soil
Saccharomyces cerevisiae 6497 Sce 38 yeast foam plasmid-K;,, ds RNA, ca 4 kbp [19]
S. cerevisiae 6499 Sce 39 brewery plasmid-K,, ds RNA, ca 4-5 kbp
S. cerevisiae 6567 Sce 40 unknown Constructed killer strain: K, + K,
S. cerevisiae 6744 Sce 41 palm wine plasmid-Kj;, ds RNA, ca 4 kbp [19]
Williopsus californica 3657 Wea 1 unknown nuclear
W. mrakii 6729 W | soil nuclear
W. saturnus 3125 Wsa | soil
W. saturnus 3126 Wsa 2 soil
W. saturnus 3127 Wsa 3 soil nuclear
W. saturnus 3128 Wsa 4 soil
W. saturnus 3129 Wsa 5 soil
W. saturnus 3130 Wsa 6 soil

2DBVPG = Industrial Yeasts Collection of the Dipartimento di Biologia Vegetale, Universita degli Studi, Perugia, Italia.

Table 2 Killer sensitivity of selected wine-starters of Saccharomyces cerevisiae

Strain Killer cultures® Killer sensitivity formula (KSF)
CCCDKKKPPPPPPSSSSWWWWWWWW
be fr me sp la pf wi an an an an an mi ce ce ce ce ca mr sa Sa sa sa sa sa
111 1511123 4 5 1383940411 1 1 2 3 4 5 6
1 e e . o ¢ &8 o ¢ o o Pmil®*Sce3840*Wmri®Wsal,2,3,4,5,6
11 o o e o o e o 0o o o PmileSce384041¢Wmrl®Wsal,2,3,4,6
It o o o o . ® ¢ ¢ 0 0 0 06 0 ¢ o o ChbeleCfrl*Cmel®Dspl®Pmil®Sce39,40,41®
Wmrl®Wcal ®Wsal,2,3,4,5,6
v o o . e ¢ ¢ ¢ o o PmileSce38409Wsal,2,3,4,5,6
v e o o . L ] . e o o 0 o o o o DspleKla5eKpflePanl®Pmil®Sce38408Wcale
Wmrl®Wsal,2,3,4,5,6
VI e & & & 0 0 ® 0 & o o o o e o o o o o o DspleKlaSeKpfleKwil®Panl,2,3.4,5¢Pmile
Sce38,40,41 e Wmrl®Wsal,2,3,4,5,6
VI e o [ e o e Pmil,®Sce38,400Wsa3,4,6
VIII ° o o o ° [} e o o o o ¢ o o o o DspleKpfleKwilePanl 49Pmil®Sce39,40,41¢
WmrleWsal,2,3,4,5,6
IX . o o . e o 0 0o o ] e o DspleKpfl®Kwil®Pmil®Sce39,40,419Wcale
Wmrl®Wsa3,5,6
X . o o o o o o . Kwil ®Pan2,3,4®Sce39,40,41 ®Wsa3
X1 [ ) * @ Sce38,400Wsa3 4

“Explanation of killer strain designations is in Table 1.
o = Sensitive to killer toxin.

poured into a Petri dish (100 % 15 mm) and the agar was 20°C for 72 h. A positive ‘killer’ reaction was recorded in
allowed to solidify. Each plate was inoculated successively  those cases where an evident and clear zone of inhibition
with six different potential ‘killer’ strains (as separate (= 5 mm) surrounded a streak on the plate. Assays were
streaks approximately 10 mm in length) and incubated at  performed in duplicate and repeated twice.
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Results

Differential response by different S. cerevisiae wine-start-
ers to the lethal action of selected killer yeasts is reported
in Table 2, Results are displayed as a matrix of presence
or absence of killing activity. A condensed representation
is also provided in the form of a ‘killer sensitivity formula’
(KSF), listing in alphabetical order the acronyms of all the
yeasts of the killer panel capable of inactivating the sensi-
tive culture.

Each commercial yeast culture exhibited a sensitive
phenotype, with inactivation profiles (KSF) ranging from a
minimum of three to a maximum of 19 specific killer fac-
tors. Individual susceptibility patterns (KSF) were consist-
ently observed in all tests carried out on the eleven com-
mercial wine-making starters, with no two cultures
exhibiting the same profile.

Discussion

Even though the occurrence of killer factors has been dem-
onstrated in several yeast genera [2,6,8,11,20], the mode of
action and molecular biology of this activity have been
studied extensively only in the killer system of the species
S. cerevisiae [18]. Likewise, applications of the killer
phenomenon to genetics and industrial fermentations have
been confined mostly to strains of that species [16].

In spite of this limitation, recent studies demonstrated
that the killer effect in yeasts is a highly polymorphic
character [19]. Hypervariability is regularly expressed
among different strains of the same species, as the outcome
of the distribution of at least 24 killer-related factors (at
least 12 different known toxins and 12 corresponding
receptors).

The first attempts of a taxonomic application of killer
relationships for the separation of authenticated species of
the genus Kluyveromyces and of species within the sensu
stricto group of the genus Saccharomyces (certified by in
vitro nuclear DNA reassociation experiments) [13,14],
demonstrated that the sensitivity of yeasts to a defined
range of specific toxins is a strain- rather than species-
related property [1,15] This conclusion also created the
premise for an application of the killer-sensitive relation-
ship as an epidemiological marker for the differentiation of
pathogenic yeasts [7].

The above interpretation of the ‘killer’ phenomenon
based on strain-to-strain specificity suggested a preliminary
study for the exploitation of the ‘killer-sensitive relation-
ship’ as a fingerprinting tool for the discrimination of yeasts
below the species level [4]. In that study a numerically and
taxonomically limited panel of 10 killer strains, belonging
to only one species (S. cerevisiae), allowed an acceptable
fingerprinting of 14 selected starters for wine-making.
Immediate application of the method was impaired, how-
ever, by the potential instability of expression of the killer
phenomenon in that species, since it is characterized by a
killer system controlled by extrachromosomal determinants
[18] which can be lost during successive vegetative repro-
duction. Only after other genera were investigated for the
presence of lethal factors did the discovery of toxins con-
trolled at the nuclear level make possible the construction

of a more genetically stable panel of killer yeasts. The
DBVPG collection presently holds about 100 killer cultures
which have been well identified to the species level. These
strains are maintained under conditions minimizing modi-
fications of the killer genotype. Many of the non-S. cerevis-
iae isolates have already been checked for a nuclear origin
of their toxin(s). This together with other salient infor-
mation on the killer yeasts selected for the present reference
panel is listed in Table 1.

The application of individual fingerprinting of industrial
strains within the species S. cerevisiae, carried out by using
a killer panel of 24 strains belonging to 13 different species
of six genera, confirmed the highly polymorphic expression
of the killing activity. As a consequence, the discriminating
potential of this method for fingerprinting at the strain level
can be very useful for a simple and rapid characterization
of yeast strains of industrial interest.
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