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Analysis of the Saccharomyces cerevisiae K2 killer gene expression profile revealed
a novel feature for a strain to express different phenotypes, depending on the
origin of carbon source in the growth media. The promoter-specific sugar, galac-
tose, confers both killer and immunity properties to a strain possessing plasmid
pBK, where preprotoxin gene expression is controlled by the of GAL-CYC1 pro-
moter; while non-specific glucose is able to confer a killer and partially a suicide
phenotype. It was determined that under promoter-inducing conditions the strains
tested produced a twofold higher level of secreted killer toxin as compared to non-
inducing conditions. When the same killer preprotoxin gene is controlled by the of
ADHI1 promoter (in the case of plasmid pX12), change of growth conditions from
inducing into non-inducing leads to a decrease of toxin activity (2.5-fold) retaining
the full immunity to K2-type killers.

Key words: Saccharomyces cerevisiae, killer toxin, immunity

INTRODUCTION

The widespread killer phenomenon in yeast is based
on the secretion of protein or glycoprotein toxins
(killer toxins) lethal to sensitive strains of the same
species and a wide spectrum of other yeast genera
[1]. In Saccharomyces cerevisiae, three different killer
toxins (K1, K2 and K28) have been clearly identi-
fied, all genetically encoded by double-stranded M
dsRNA “killer” viruses stably persisting within the
cytoplasm of the infected host cell [2]. Analysis of
the corresponding cDNAs show that each virus en-
codes a single open reading frame for both the pre-
cursor of the secreted killer toxin and specific im-
munity to that toxin properties [2—4].

Physiological studies of the best-characterized K1-
type killer system suggest that the toxin perturbs an
energized plasma membrane state inducing potassium
leakage and subsequent cell death [5]. Following one
of the hypotheses, immunity is determined by a pre-
cursor that can act as a competitive inhibitor satu-
rating cell membrane receptors that normally me-
diate the mature toxin action [6].

The structure and action of protein toxin produced
by the K2 killer system has not yet been examined in
detail. In this work, the gene for K2 killer toxin was
subjected to expression studies in S. cerevisiae where
strains featuring constructs containing an appropriate
promoter display different phenotypes depending on
the carbon source in growth media.
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MATERIALS AND METHODS

The following S. cerevisiae strains were used in this
work: o'l (MATaleu2-2 [KIL-0]) [7]; Rom K-100
(wt, HM/HM [KIL-K2]) [8]; M437 (HM/HM [KIL-
K2]) [9]; 3PMR-1 (MATa ura3-52 [KIL-0]), 21PMR
(MATa ura3-52 leu2 [KIL-0]), H13 (MATa ura3-52
leu2 [KIL-0]) [10]. The E.coli strain DH5a (F
(@80dA(lacZ)M15) recAl endAl gyrA96 thil hsdR17
(r;m*) supE44 relAl deoR A (lacZYA-argF) UI69)
was used for plasmid propagation [11].

Plasmid pX12 code for a LEU2 marker gene as
well as K2 killer preprotoxin gene (under the con-
trol of ADH1 promoter) [12]; plasmid pBK con-
tains URA3, leu2-d and K2 cDNA (under the con-
trol of GAL-CYC1 promoter) [13].

Media for the growth of S. cerevisiae as well as
standard genetic techniques were as described in
Ausubel et al. [14]. Transformation of S. cerevisiae
was performed by non-spheroplasting lithium chlori-
de procedure of Ito et al. [15]. Transformants were
selected by complementation of auxotrophic markers;
clones were verified for toxin production by replica
plating to a lawn of S. cerevisiae o'l strain. Trans-
formation of E. coli was performed following a stan-
dard CaCl, procedure [14].

K2-specific killing and immunity phenotypes
were determined in an agar diffusion assay on the
methylene blue (MB) agar plates [16]. Toxin acti-
vity in culture supernatant (obtained by filtration
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through PVDF membrane) was quantified by pi-
petting 100 pl samples into wells (10 mm in dia-
meter) cut in an MB plate seeded with the sen-
sitive a’l yeast strain ((10° cells per plate) and
incubated at 18 °C for 72 h. The diameter of the
growth-free zone around the wells was proportio-

nal to the logarithm of the killer toxin
activity expressed in arbitrary units (U/
ml) [17].

RESULTS AND DISCUSSION

Plasmid pBK contains a functional gene
for K2 killer preprotoxin, controlled by
GAL-CYC1 (galactose-specific) promoter
[12]. This construct was introduced into
the sensitive strains 3PMR-1 wura3-52,
21PMR wra3-52 leu2 and HI13 wura3-52
leu2. Transformants selected by the com-
plementation of URA3 auxotrophy were
tested for the immunity and killing capa-
bilities using the indicative media (MB)
with galactose or glucose as a carbon
source (Fig. 1A). In the case with galac-
tose, strains bearing a recombinant plas-
mid showed a K2 Kkiller phenotype and
resistance to killer toxins of the same ty-
pe. Alternatively, when glucose was used
as a carbon source, transformants were
able to kill a sensitive o’l strain (Fig.
1A) being sensitive to K2 wild type kil-
ler and only partially resistant to its own
toxin.

To estimate the level of produced toxin,
transformants were grown for 96 h in li-
quid rich media with 1) galactose or 2)
glucose as a carbon source. It was deter-
mined that under GAL-CYC1 promoter-
inducing conditions (1) the strains pro-
duced high levels of secreted Kkiller toxin
(21IPMR[pBK] - 69.3 = 5.4 U/ml; 3PMR-
1[pBK] - 66.2 *= 5.4 U/ml; H13[pBK] -
61.2 = 3.2 U/ml), while under non-induc-
ing conditions (2) a moderate level of
toxin (21PMR[pBK] - 332 = 2.7 U/ml;
3PMR-1[pBK] - 34.7 = 2.7 U/ml;
H13[pBK] - 30.7 = 1.6 U/ml) was pro-
duced (Fig. 1B). The wild type K2 killer
expressing the strain Rom K-100 produces
a somewhat higher level of killer toxin
growing in media with either glucose or
galactose (122.3 = 6.4 U/ml) (Fig. 1B).
So, the transformants encompassing plas-
mid pBK are able to produce killer toxin
in amounts of [50% under inducing or
[(25% under non-inducing conditions com-

pared to the wild type strain Rom K-100 produc-
tion level.

Parallelly, the immunity of pBK transformants was
investigated by evaluation of the amount of survi-
ved cells subjected to the externally applied K2 toxin.
3PMR-1 ura3-52, 21PMR ura3-52 leu2 and o’lleu2
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Fig. 1. Activity of K2 killer toxin in strains encompassing pBK and
pX12 plasmids along with wild type strains Rom K-100 and M437.
A. Killer property of M2 dsRNA wr killer strains (Rom K100 and
M437) and K2 preprotoxin gene-bearing (pBK and pX12) recombi-
nants. The K2 killer phenotype was determined by patching of con-
trol M2 dsRNA-containing killer strains and yeast strains bearing
pBK and pX12 onto MB agar plates (pH 4.0), using galactose or
glucose (as indicated on the left side) as a carbon source seeded
with sensitive S. cerevisiae strain o’1(0L0° cells per plate).

B. Left: K2 toxin activities determined in supernatants of cultures
by pipeting 100 pl samples into wells (10 mm in diameter) cut into
MB agar plates seeded with a sensitive 0’1 yeast strain (CL0° cells
per plate) and incubating the plates at 18 °C for 72 h. Right: dia-
meter of the growth-free zone around the wells is proportional to
the logarithm of the killer toxin activity, which is expressed in ar-
bitrary units (U/ml)
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strains bearing pBK were incubated for 18 h at 18°C
in liquid minimal media (with either glucose or ga-
lactose as a carbon source) containing 42 U/ml of
K2 toxin. It was determined that under inducing con-
ditions (in the presence of galactose) 88+93% of
cells survived (Fig. 2, left). This observation proves
an expression of a sufficient amount of preprotoxin
(or mature toxin) to immunize these cells. When
the carbon source is changed to glucose, the num-
ber of survived cells drops to 11+15% (Fig. 2, right)
(compare to 4+8% of survived cells of K2-null
strains a’l, 3PMR-1 and 21PMR). However, as is
mentioned before, killer toxin activity in pBK-be-
aring strains under the non-inducing conditions de-
creases only [2 times. Thus, in case of non-inducing
conditions the resulting protein was unable to con-
fer even a moderate level of immunity to the exter-
nal K2 toxin. The latter result gives another proof
of compromised immunity of the strain under de-
scribed conditions made from agar diffusion assay
(see above).

Analysis of the expression of the K2 killer prepro-
toxin gene subjected to the control of ADHI1 pro-
moter (plasmid pX12) displays different results
(Fig. 1). 2IPMR[pX12] and a’1[pX12] transformants
tested under either inducing (glucose) of non-indu-
cing (galactose) conditions demonstrated both K2
killer and immunity phenotypes. Supernatant frac-
tions showed the same biological specificity as the
parental strains (Fig. 1B). Secreted K2 killer toxin
was barely detectable in the supernatant from cultu-
res of the strains containing pX12 plasmid grown in
media with galactose (21IPMR[pX12] — 17.2 = 2.4
and o’l[pX12] - 16.6 = 1.3 U/ml), whereas, super-
natants from the same transformants (grown in the
liquid media supplied with glucose) produced consi-

derably stronger signal (toxin activity 2IPMR[pX12] -
41.8 = 3.4 and o’1[pX12] — 43.2 = 5.9 U/ml). Com-
parison of the amounts of the produced toxin in
Rom K-100 and the mentioned strains indicates that
even under inducing conditions recombinant strains
are able to produce only 33% of a wild-type strain
toxin (Fig. 1B). At the same time, it was demonst-
rated that survival of a recombinant strain bearing
pX12 apparently did not depend on the carbon sour-
ce in growth media — 85+87% of cells survived un-
der the promoter-inducing conditions versus 80-+82%
under non-inducing conditions. As is shown in Fig. 1,
change of carbon source to non-specific led to a
[R.5 fold decrease of toxin activity in pX12 trans-
formants. Despite this decrease in toxin activity, the
immunity component is (still) able to mask efficiently
receptor sites from the toxin action.

The toxin amounts produced under non-indu-
cing conditions by strains bearing pBK
(30.7+34.7 U/ml) were twofold higher as compa-
red to pXl2-containing strains (16.6+17.2 U/ml).
Following one of the hypotheses, an effective mas-
king of receptor sites may require a minimum
number of immunity-conferring molecules [12]. In-
terestingly, the immunity function fully protects
pX12 transformants with a lower production of kil-
ler. This apparent disagreement may result from
the properties of GAL-CYC1 functioning under
non-inducing conditions, namely, alternative transc-
ription of the killer gene. The reason for the ina-
bility to immunize cells by the toxin produced by
a pBK-bearing strain is currently under further in-
vestigation.

In summary, it could be concluded that the plas-
mid-containing K2 preprotoxin gene under the con-
trol of ADH1 promoter produces
a toxin able to immunize cells un-
der both inducing and non-indu-
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Fig. 2. Survival of pBK and pX12-bearing transformants in presence of exter-

nally applied K2 killer toxin.

Strains are indicated on the abscisse. Cell survival estimated in % as a ratio
of cells grown in presence (42 U/ml) and absence of externally applied K2

killer toxin
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ANGLIES SALTINIO POVEIKIS MIELIU S. cerevisiae
K2 PREPROTOKSINO GENO EKSPRESIJAI

Santrauka

Mieliy S. cerevisiae K2 preprotoksino geno, kontroliuojamo
GAL-CYC1 promotoriumi, ekspresijos tyrimai atskleidzia
skirtingas fenotipo iSraiSkas priklausomai nuo terpéje esan-
¢io anglies Saltinio. Specifinis promotoriui substratas — galak-
toze salygoja tiek kilering, tiek rezistentiSkumo funkcija, tuo
tarpu nespecifinis substratas — gliukoze nulemia kilerinj ir i§
daliesi savizudiska fenotipg. Nustatyta, kad indukuojanciomis
salygomis pBK transformanty sekretuojamas kilerinio toksi-
no lygis (61,2+69,3 U/ml) dukart vir$ija toksino sekrecija
neindukuojanc¢iomis salygomis (30,7+34,7 U/ml). Tuo tarpu
transformantai, turintys pX12 plazmide (kilerinio preprotok-
sino genas kontroliuojamas ADH1 promotoriumi), produ-
kuoja 41,8+43,2 U/ml toksino terp¢€je su gliukoze ir
16,6+17,2 U/ml terp€je su galaktoze, taciau abiem atvejais vi-
siskai i§laikoma imuniniSkumo funkcija.
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