
J. Basic Microbiol. 38 (1998) 1, 27–31

(Laboratório de Microbiologia, Instituto Gulbenkian de Ciência, Apartado 14, 2781 Oeiras Codex,
Portugal)

Depression by miconazole of heat-induced
respiratory-deficiency in Saccharomyces cerevisiae

A. MADEIRA-LOPES and JOÃO MIRANDA

(Received 30 May 1997/Accepted 1 November 1997)

Miconazole, at 0.2 µM, decreased, by two orders of magnitude, the specific mutation rate of Sac-
charomyces cerevisiae to respiratory-deficient mutants (petites), which had been induced at either
37 °C or 39 °C. Identical concentrations of ketoconazole did not change the mutation rate. The results
fit in the mechanisms of action which have been proposed for imidazole antimycotics, and constitute
further support for the hypothesis that the targets of thermal death, in petite-positive associately-
profiled yeasts, lie in the mitochondria.

Mitochondrial respiratory-deficient mutants (petites) are induced by supraoptimal growth
temperatures in petite-positive yeasts with associative thermokinetic profiles rather than
with dissociative profiles (MADEIRA-LOPES 1992). The onset of petite mutation coincides
with the onset of the second period of growth, at which thermal death emerges in the popu-
lation, concurring with exponential growth. In a strain of Saccharomyces cerevisiae specific
mutation rates attained their highest values at a temperature (38 °C) about half-way in-
between the minimum temperature of thermal death (34 °C) and the initial maximum tem-
perature for growth (41 °C), therefrom decreasing, towards each of those cardinal tempera-
tures, to values two orders of magnitude lower (SIMÕES-MENDES et al. 1978). Ethanol,
which has been shown to shrink the associative temperature profile of S. cerevisiae “en
bloc” without affecting its nature (by decreasing the maximum temperatures for growth and
the minimum temperature of thermal death, and increasing the minimum temperature for
growth), simultaneously displaced the temperature range of petite induction and depressed
the respective specific mutation rates within the novel cardinal temperatures (CABEÇA-
SILVA  et al. 1982). While working on the effects of imidazole derivatives upon the tem-
perature profiles of the yeast Candida albicans (MADEIRA-LOPES and MIRANDA 1995), we
have assayed these antimycotics on their ability to perturb petite induction by heat in S.
cerevisiae, since some of those drugs (miconazole, econazole) had been shown to interfere
with the mitochondrial ATPase (PORTILLO and GANCEDO 1984, 1985).

Materials and methods

Saccharomyces cerevisiae IGC 3981, a/α ade2/ade2 ADE6/ade6 –21,45 try5/leu1 SUC/MAL, was grown
on YEPG [5 g yeast extract/l, 10 g peptone/l, 20 g glucose/l, 20 g agar/l]. Fresh cultures on solid
medium, at 25 °C were incubated, with shaking at the same temperature, in a liquid mineral medium
with vitamins (MADEIRA-LOPES and MIRANDA 1995) and 20 g glucose/l, supplemented with 0.1 g
adenine/l which, after 24 h, were transferred to identical medium at the temperatures of either 37, 38
or 39 °C. Optical density (OD) was measured at 640 nm. Cells were plated on both YEPG and YEPY
(solid medium with glycerol substituted for glucose). Imidazole derivatives were used from 10 mM
stock solutions. Miconazole nitrate salt (Sigma) was solubilized in dimethyl sulfoxide (BDH), and
ketoconazole (a kind gift from Janssen) in 0.1 N HCl. All chemicals were from Difco, except where
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otherwise stated. For each temperature, the experimental apparent specific mutation rate (µm′) is the
resultant of the actual specific mutation rate (µm) and the specific growth rate of the second period
(µg′), this latter being, itself, the difference between the specific growth rate of the first period and the
specific thermal death rate (µg – µd) (SIMÕES-MENDES et al. 1978 and Fig. 1):

           µm = µm′ – (µg – µd)

Results

At supraoptimal temperatures, growth of microorganisms with associative thermokinetic
profiles, exhibit two distinct periods of exponential growth, which are characterized by their
respective specific rates: the specific growth rate of the second period (µg′) is the difference
between the specific growth rate of the first period (µg) and the correspondent specific ther-
mal death rate (µd) for that temperature (MADEIRA-LOPES and MIRANDA 1995). Fig. 1 dis-
plays the results of one set of experiments, carried out at 38 °C, with Saccharomyces
cerevisiae IGC 3981 in a liquid synthetic medium with 20 g glucose/l and miconazole or
ketoconazole at 0.2 µM. No nutrient in the medium was allowed to limit growth, so that
variation of the slope could only be attributed to temperature, time, or method used to esti-
mate the population. After a latency of about 3 h (Fig. 1), the cultures entered the first
period of exponential growth with specific rates (µg) which did not significantly differ when
incubation took place either in the presence of miconazole, or ketoconazole, or in their
absence. The onset of the second period of growth was observed at 14 h for the three
cultures, the rates being measured by the following methods:

a.  The specific growth rate of the total number of cells (both viable and non-viable),
measured by optical density, declined to lower values (the straight line changed into a
curve, reminiscent of the deacceleration stage in a substrate-limited growth curve);

b.  The specific growth rate of colony count on glucose (which estimates the total number
of viable cells) showed a sudden shift to a lower rate;

c.  The specific growth rate of colony count on glycerol (which estimates the number of
respiratory-suficient cells) showed a deeper shift to a lower rate, this latter being negative
for cultures either without any drug or with ketoconazole.

The calculation of the specific mutation rate (µm) of grande cells to petite (see Methods)
indicated that miconazole at 0.2 µM strongly depressed the rate from 1.1 × 10–4 s–1 to
1.4 × 10–5 s–1, while ketoconazole did not significantly alter the mutation rate (Fig. 1). As
for other imidazole derivatives, results from simplified experiments indicated that flucona-
zole did not affect the petite production, whereas econazole behaved similarly to micona-
zole (PRISTA, BOURBON and MADEIRA-LOPES, unpublished observations).

Fig. 2 shows the variation of the petite mutation rate, as a function of miconazole con-
centration, for cultures incubated at 37, 38 and 39 °C. Miconazole had a stronger effect at both
37 and 39 °C than at 38 °C. Miconazole-resistant mutants, prepared by UV radiation with se-
lection on YEPG containing 10 µM miconazole, either failed to produce petites at 38 °C or
produced them at much lower rates; the presence of miconazole up to 0.2 µM did not modify the
petite mutation rates, where measurable. Whereas in the original strain, the biomass yield coef-
ficient (y) with respect to the energy source (glucose) was decreased by 40% with 1 µM micona-
zole, in the miconazole-resistant-mutants y did not seem to be affected.

Discussion

Respiratory-deficient mutants were only induced at temperatures at which exponential
growth concurred with thermal death, this phenomenon taking place during the second
period of growth in associatively-profiled yeasts rather than in dissociatively profiled ones
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Fig. 1
Growth curves of Saccharomyces cerevisiae IGC 3981, at 38 °C, in a mineral medium with vitamins,
20 g glucose/l and 0.1 g adenine/l, without or with an imidazole derivative at 0.2 µM. µm = specific
mutation rate; µm′ = apparent specific mutation rate; µg  – µd = specific growth rate of the second period
(difference between the specific growth rate of the first period and the thermal death rate)
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(SIMÕES-MENDES et al. 1978, MADEIRA-LOPES 1992). The link of petite mutation with the
onset of thermal death in the temperature range of growth adds to prior evidence that the
targets of thermal death lie in the mitochondrial genome (JIMÉNEZ and BENÍTEZ 1988) and
are related to the targets of death by ethanol (CABEÇA-SILVA  et al. 1982, AGUILLERA and
BENÍTEZ 1989). Antifungal imidazole derivatives have been shown to affect cytochrome
P-450 but, the main target of miconazole (and econazole, rather than ketoconazole or
fluconazole) is probably mitochondrial ATPase (PORTILLO and GANCEDO 1984, 1985).
The inhibition of ATPase by miconazole might modulate the environment in the inner
mitochondrial membrane so that DNA gets more firmly attached, not being so easily
displaced by the action of heat, which leads to DNA loss and so to petite induction. One
mutant of S. cerevisiae resistant to miconazole was shown to be of mitochondrial origin,
the mutation being linked to the structural gene for subunit 9 of ATPase on mitochondrial
DNA (PORTILLO and GANCEDO 1985). Our miconazole-resistant mutants did not pro-
duce petites by heat and their yield coefficients were not altered by miconazole. These
mutants might be useful in processes where petites are to be avoided, such as the baking
industry.

Fig. 2
Variation of the specific mutation
rate to respiratory-deficiency as a
function of miconazole concentra-
tion, calculated as in Fig. 1 for
37 °C (h), 38 °C (n) and 39 °C (s).
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