
The optimal conditions for the production of the killer toxin
of Debaryomyces hansenii CYC 1021 have been studied. The
lethal activity of the killer toxin increased with the presence
of NaCl in the medium used for testing the killing action.
Production of the killer toxin was stimulated in the presence
of proteins of complex culture media. Addition of nonionic
detergents and other additives, such as dimethylsulfoxide
enhanced killer toxin production significantly. Killer toxin
secretion pattern followed the growth curve and reached its
maximum activity at the early stationary phase. Optimal sta-
bility was observed at pH 4.5 and temperatures up to 20°C.
Above pH 4.5 a steep decrease of the stability was noted. The
activity was hardly detectable at pH 5.1.
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Introduction

Since the first description by Makower and Bevan,
1963, a great variety of killer yeasts have been observed
in various yeast genera (Ashida et al. 1983; Golubev
1998; Hayman and Bolen 1991; Komiyama et al. 1995;
Zorg et al. 1988). The best-known killer yeasts, from
Saccharomyces cerevisiae, have been named K1, K2
and KT28. Halophilic or halotolerant killer yeasts have
been also described (Suzuki and Nikkuni 1994).

The successful commercial development of an anti-
microbial substance, antibiotic or mycocine, production

process depends fundamentally upon two things: high
fermentation yields of the antimicrobial substance and
an economical purification process. Studies are conti-
nually being made on strain improvement, inoculum
conditions, fermentation conditions and various combi-
nations of these factors. The usual way to carry out a
strain selection program is to plate out the organism on
solid media and then select individual colonies and to
test them for activity. On investigating the occurrence
of the killer phenomenon among yeast strains from
olive brines (Marquina et al. 1992; Marquina et al.
1997), we isolated a strain of D. hansenii that produces
a strong active killer substance which is effective
against different genera of yeasts in the presence of 6%
NaCl (Llorente et al. 1997). This strain shows increa-
sing killer activity on certain strains with increasing salt
concentration. Since halophilic or halotolerant yeasts
play an important role in the development of the orga-
noleptic properties of soy sauce and salted vegetables,
there is a possibility of using killer yeasts to inhibit
undesired contaminants. It has been successfully per-
formed in wine brewing. Candida boidinii IGC 3430
was isolated from the same brines and selected as sen-
sitive strain because of the negative effects that it has on
the fermentation of olive brines such as lipolytic activ-
ity or lactic acid assimilation. To determine the effec-
tiveness of killer toxins as biopreservatives in food or
therapeutic agents, it is necessary to obtain relative
large amounts of these toxins in a purified form. We
think that the results described here might provide an
effective mean to produce D. hansenii CYC 1021 killer
toxin and other toxins with similar characteristics.
Thus, the D. hansenii killer toxin might be useful to
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control C. boidinii, and other spoilage yeast, in fermen-
tations containing sodium chloride.

In this report, the optimal conditions for production
and stability of D. hansenii CYC 1021 killer toxin
together with the growth and production profiles are
described. This study is the first to determine in detail
the optimal conditions for an implementation of the
production of a killer toxin. The results we have ob-
tained in this work could be used for application in
some industrial processes.

Materials and methods

Organisms, growth media and culture conditions. The
killer strain (Debaryomyces hansenii CYC 1021) was
obtained from the Complutense Yeast Collection
(Biology Faculty, Complutense University of Madrid,
Spain) and the sensitive strain (Candida boidinii IGC
3430) was obtained from the Portuguese Yeast Culture
Collection (PYCC, Faculty of Sciences and
Technology, New University of Lisbon, Caparica,
Portugal). Both strains were isolated from olive brines
and identified in the Gulbenkian Institute of Science.
The yeast growth media were YNB-D (Yeast Nitrogen
Base-Dextrose) : 1% (w/v) glucose and 0.67% (w/v)
yeast nitrogen base (Difco), and YMB (Yeast
Morphology Broth) : 1% (w/v) glucose, 0.3% (w/v)
yeast extract (Difco), 0.3% (w/v) malt extract (Difco),
0.5% (w/v) proteose peptone No. 3 (Difco). These
media were buffered with 0.2 M, pH 4.0 sodium citra-
te-phosphate buffer. Killer activity was determined at
20°C in YMA-MB comprising YMB supplemented
with 30 mg/l methylene blue, 6% (w/v) NaCl and 2%
(w/v) agar.

Determination of toxin activity. Toxin preparations
were assayed according to the method we have pre-
viously described (Santos et al. 2000). Toxin samples
(40 µl) were pipetted into sterile antibiotic paper discs
on seeded YMA-MB and the plates incubated at 20°C
for 3 days. Subsequent zones of inhibition produced
around the discs were measured to an accuracy of
1 mm. The killing activity of each sample was measu-
red and defined as the mean zone of inhibition of repli-
cate discs. 

Cell counts. In order to ensure correct inoculum size,
yeast cells were counted microscopically using a
Neubauer hemocytometer. Appropriate dilutions were
made in sterile distilled water.

Culture preparation. The killer yeast was inoculated
into 250 ml Erlenmeyer flasks containing 100 ml of
YMB. After incubation for 14 h at 20°C these cultures

were used as inoculum to obtain an optical density of
0.1 units.

Kinetic of the killer toxin production. Growth of D. han-
senii was made in 2 liter Erlenmeyer flasks with 1 liter
of a complex medium (YMB) buffered with sodium
citrate-phosphate 0.2 M, pH 4.0. The optical density of
the culture was determined in a spectrophotometer at
600 nm. Samples of 50 ml were taken in sterile condi-
tions to measure killer toxin production. These were
filtrated through 0.4 µm Millipore membranes and pre-
cipitated with ice-cold ethanol to a final concentration
of 70% (vol/vol). After centrifugation (7000 rpm, 0°C,
10 min) the pellet obtained was resuspended in 0.5 ml
of 0.2 M citrate-phosphate buffer pH 4.0, and the killer
activity was determined as above.

Improvement of killer toxin production. D. hansenii was
inoculated from a 14 h culture and grown in 250-ml
Erlenmeyer flasks containing 100 ml of buffered YMB
medium. To improve killer toxin production it was sup-
plemented with different additives and assayed with
different incubation temperatures (5, 10, 15, 20, 25 and
30°C) and pH values (from 3.0 to 6.0). Incubation was
done in a rotary bed shaker at 150 rpm. Additives were
Brij-58, Triton X-100, Tween-80, Pluronic F-127,
Deoxycholic acid, Sarcosine, Igepal CA-630 (Nonidet
P-40), SDS, DMSO (dimethylsulfoxide), PMSF (phe-
nylmethylsulphonyl fluoride), PEG (polyethylene gly-
col 400 and 1500), glycerol, sorbitol and ammonium
sulphate. Their concentrations were 10, 100 and
1000 ppm. To evaluate the resulting killer activity,
100 ml of the cultures, with an optical density of 1.0 at
600 nm, were centrifuged at 5000 rpm for 10 min at
4°C. The supernatants were filtered through a 0.45 µm
Millipore membrane and the protein in the supernatant
precipitated with ice-cold ethanol to a final concentra-
tion of 70% (vol/vol). The precipitate was recovered by
centrifugation at 7000 rpm, 0°C, and 10 min. The pellet
obtained was then resuspended in 0.2 M, pH 4.0 citrate-
phosphate buffer, and the killer activity was estimated.

Killer toxin stability at different temperatures. Samples
of killer toxin (concentrated 75-fold) were incubated at
a range of temperatures: 5, 10, 15, 20, 25, 30 and 35°C.
At specific intervals, aliquots (40 µl) were removed and
assayed for killer activity against the selected sensitive
strain, C. boidinii IGC 3430.

Killer toxin stability at different pH values. Killer toxin-
concentrates were adjusted with 0.1 M citrate-phos-
phate buffer at a range of pH values between 3 and 6,
with the resultant pH measured using a pH-meter. The
solutions were incubated at 20°C for a period of 1 h 
and the remaining killer activity was measured against 
C. boidinii IGC 3430.
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Results and discussion

Yeast growth and killer toxin production

The production of toxin by the killer yeast D. hansenii
in complex (YMB) and defined (YNB) medium was
compared. Each medium supported the growth of the
killer yeast, but accumulation pattern of the killer factor
in the extracellular medium followed cell growth only
in the complex culture medium. The use of a defined
medium for toxin production is usually preferred
because it would potentially yield killer toxin with a
high specific activity, and allow a simple purification
procedure, despite the reduction in toxin activity in
comparison to that detected in extracts from cultures
grown in complex media (Hodgson et al. 1995). The
yeast growth pattern changes little when the culture
medium was YMB or YNB, specific growth rates in
both cases were different, 0.31 h–1 for YMB and 
0.18 h–1 for YNB-D, but toxin activity was not detected
in the cultures developed in YNB medium. Thus, the
study of the implementation of the production of the
killer toxin from D. hansenii CYC 1021 was made
using YMB medium. The preparations of D. hansenii
CYC 1021 killer toxin in YMB were slight sensitive to
some processes, such as mechanical agitation, as ap-
peared from a decreasing yield (17%) of toxin activity
when killer cells were maintained in the culture after
the exponential phase of growth was finalized. 

Improvement of killer toxin production

The production of killer toxins may be strongly affected
by the culture conditions and optimal conditions have to
be found empirically. Optimal production for D. hanse-
nii CYC 1021 killer toxin was at a rather low pH (4.5)
as compared with the optimal (5.0) observed for
Saccharomyces strains (Woods and Bevan 1968). The
stability of all killer toxins is strongly dependent on pH
and temperature of the solution, and mechanical agita-
tion is strikingly destructive. These common properties
are consistent with the proteinaceous nature of the kil-
ler toxins, which is also obvious from the susceptibility
of most toxins to proteolytic enzymes. Most toxins are
irreversible inactivated above pH 5.0 and are stable
only in a narrow pH range (Golubev and Shabalin
1994; Golubev 1998; Suzuki and Nikkuni 1994; Price
et al. 1999). Killer toxins from Hansenula mrakii
(Ashida et al. 1983) and H. saturnus (Ohta et al. 1984;
Komiyama et al. 1995) have a broad pH stability range
(2.0–11.0). Moreover, differences in other properties
indicate that the toxins of various yeasts are biochem-
ically distinct (Young and Yagiu 1978). The killer toxin
of D. hansenii CYC 1021 is not an exception. The
influence of temperature (between 5°C and 35°C) and
pH (between 3.0 and 7.0) on the killer stability of cul-

ture ultrafiltrates from D. hansenii was studied. The
activity was stable for one week at 15°C or below,
whereas incubation of the culture filtrate for over 5 days
at 20°C gave rise to a significant (25%) decrease of 
the killer activity measured under standard conditions
(pH 4.0, 20°C). When kept at 30°C for 24 h at pH 4.0,
more than half of the activity was lost, at 25°C about
45% was lost within 7 days. The killer toxin was stable
at pH 4.5 or lower when kept at 20°C for 1 h. The kil-
ler toxin from D. hansenii was stable at acidic pH
values, above pH 4.8 the inactivation increased signifi-
cantly (90%), and at pH 5.1 all activity was destroyed
completely. These findings were according with the
loss of killer toxin production in pH and temperatures
of growth above these pH and temperature values.

The production of killer toxins depends on the nitro-
gen source supplied to the growth medium. Moreover,
yeast extract may be stimulatory (Middelbeek et al.
1979). Accordingly, we found killer toxin production in
YMB medium, which contained yeast extract, malt
extract and peptone, but not in YNB medium.
Ammonium sulphate was used as additive in an attempt
to stimulate protein synthesis and to increase the stabi-
lity of any killer toxin produced (Ouchi et al. 1978).
Our results showed no differences with the control cul-
tures. Probably, the use of ammonium sulphate in a
complex culture medium (YMB) does not reduce signi-
ficantly the requirements for killer toxin production.

Many reagents are known as the stabilizer of some
unstable enzymes, which include organic solvents
(ethanol, butanols, acetone, dimethylsulfoxide, etc),
polyhydric alcohols (ethylene glycol, glycerol, manni-
tol, etc.) salts and minerals (ammonium sulphate, Mg2+,
Ca2+). Investigating for reagents which will possibly be
used as a good stabilizer of the killer toxin, Ouchi et al.
1978, have found that ammonium sulphate, polyhydric
alcohols such glycerol, erythritol and mannitol are far
more effective than other stabilizing agents such as
gelatin. 

In the present study, the most efficient additive was
DMSO and this is the first study where this effect was
observed on killer toxins (Table 1). DMSO, in a con-
centration of 100 ppm, improved the killer toxin pro-
duction 1.7 times. The effect of DMSO in some enzy-
matic activity has been noticed previously (Flaschel
and Ebmeier 1998). These authors demonstrated that
DMSO has a positive effect on the stability of some
enzymes to environmental parameters, such as tempe-
rature and pH. The effect of this compound on the
improvement of killer toxin production remains
unknown. 

The addition of glycerol and polyethylene glycol
(PEG) is known to prevent inactivation in active toxin
solutions. This work revealed, that polyethylene glycol
increase killer toxin production significantly at the con-
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centrations tested, although, sorbitol and glycerol do
not. Moreover, PEG 400 and 1500 were effective,
130% and 125% at 1000 ppm, respectively (Table 1). In
disaccording with these results, Ouchi et al. 1978,
found that glycerol (20%) was very effective for the
production of killer toxin.

After the toxin has been secreted from the plasma
membrane, there are two processes that reduce the
amount that appears in the medium. First, the presence
of proteases produces killer toxin degradation, which is
inhibited by phenylmethylsulphonyl fluoride (PMSF), a
serine-protease inhibitor. A mutation called ski5 results
in loss of this PMSF-inhibitable exocellular protease
and markedly enhanced toxin accumulation, equivalent
to that seen in the presence of PMSF in normal strains.
Thus, ski5 mutants have the superkiller phenotype
(Wickner 1986). In our killer strain, D. hansenii CYC
1021, PMSF do not improve killer toxin production sig-
nificantly at the concentrations tested. Second, β-D-
(1→6)-glucan linkages in the cell walls are essential
elements in the toxin binding to the sensitive cells (Al-
Aidroos and Bussey 1978; Hutchins and Bussey 1983;
Schmitt and Radler 1989; Schmitt and Compain 1995;
Santos et al. 2000). Killer cells are immune but none-
theless have these linkages. Some secreted toxin is
bound by β (1→6)D-glucan linkages and do not appe-
ar in the medium. The kre1 mutants, which largely lack
this linkage, secrete an increased amount of toxin and
are superkillers. The nonionic detergents Triton X-100,
Igepal CA-630 and Brij-58, enhanced 1.2 times the kil-
ler toxin activity found in the culture supernatant after
the cell growth reached the stationary phase (Table 1).
Sodium dodecylsulphate, sarcosine, deoxycholic acid,
Tween-80 and Pluronic F-127 do not. SDS induced
inhibition of the killer toxin production and growth. We
think that the effect of nonionic detergents on killer
toxin production could be attributed to stabilization of

the killer toxin produced during growth (Middelbeek 
et al. 1979) or it could be attributed to an interference
with some process as adsorption (by β-D-(1→6)-glu-
can linkages), transport and secretion.

In conclusion, toxin production in the killer yeast 
D. hansenii CYC 1021 was a growth-related response
in complex medium (YMB) and the killer toxin was
produced as cells progressed from exponential to early-
stationary phase. Protein levels in the extracellular
medium mirrored toxin production and a slow-agitated
system with a temperature of 20°C. The addition of
nonionic detergents and DMSO led to the highest titres
of killer toxin. From the perspective of applied micro-
biology, utilization of killer yeasts has been postulated
for the control of contamination of industrial fermenta-
tions or food by yeasts (Palpacelli et al. 1991).
However, the potential industrial application is hin-
dered by the lack of data of toxin production and acti-
vity. This is due to the technical limitations concerning
the isolation, measurement and activity assessment of
the toxins produced by killer yeasts, especially in
natural conditions or industrial processes. The under-
standing of the dynamics of killer toxins production
necessitates an analysis of the performance of both, the
toxin production process and the toxin stability. Model
development, parallel with the advance of empirical
research could be very helpful in context such as this.
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