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ABSTRACT. Ethidiom bromide was found to be effective in the induc-
tion of respiratory deficient (RD}) mutants in the yeast Candida
Iropicalis. Houever, under conditions leading to 100 % conversion to
petites in S. cerevisiae, only 23 % of C. tropicalis cells were converted
to respiratory deficients when compared on viable count basis. RD
mutants of C. tropicalis were non-revertable and defective in
cytochrome b and a + a3. The isolation of these RD mutants is of
importance for the genetic improvement and the study of ercbic meta-
bolism in this yeast.

RESUMEN. Se ha visto que el bromure de etidio es efectivo en la
induccidn de mutantes deficientes tespiratorios (DR) en la levadura
Candida tropicalis. Sin cmbargo, bajo condiciones de 100 % de conver-
sin a petites en S. cerevisine, 5610 ¢] 23 % de células de C. tropicalis son
convertidas a deficientes respiratorios cuando se comparan en un conteo
de viables, Los mutantes DR en C. tropicalis resuitaron no revertibles ¥y
defectivos en los citocromosby a + a3. El aislamiento de estos mutantes
DR es importante para ¢l mejoramiento genético y el estudio del meta-
bolismo aerdbico de la levadura.

INTRODUCTION

Candida tropicalis could play a role in the development of
Biotechnology since it has been shown to be active in ethanol
praduction from D-xylose.' However, several factors can influence
the performance of yeast in alcoholic fermentation. One of these
factors is the capacity of yeast to oxidize ethanal via respiratory chain
to COz and water. RD mutants are expected to show an improved
yield of alcohol in fermentation, depending on their capacity to
oxidize ethanol in the mitochondrion. In addition, mitochondrial
mutations has been shown to be useful as genetic markers in
diagnosis of hybridization of yeasts of industrial interest 23

Finally, the differsnt classes of non-mendelian petite muta-
tions have proved to be an important tocl for studying the structure
and function of the mitochondrial genome in S. cerevisiae. Yeasts
ofthe Genus Candida are believed to be petite-negative. However, a
RD deficient mutant of C, utilis has been isolated ®

In the present paper it was described the isolation of RD
mutants of C. tropicalis using the mutagen ethidium bromide which
is specific for S. cerevisiae mitochondrial genome. This result open
new possibilities in the study of aercbic metabolism, replication and
structure of a petite negative yeast mitochondrial DNA,

MATERIALS AND METHODS

Organisms and media

The organisms used were a lys’ade mutant from strain CBS-
644 C. tropicalis and strain 196-2 (a his 6 Rho *) 5. cerevisiae from
the coltection of M. Luzzati (Orsay, Paris). Yeasts were grown aero-
bically at 30 °C in YPG (Yeast extract 10 g/L, Bactopectone 10 g/L,
glucase 20 g/L} medium. Glucose was replaced by glycerol (20 g/L)
oi ethanol (20 g/L) for RD diagnosis. For solid media, 20 g/L Oxoid
agar No. 1 was added.

Ethidium bromide mutagenesis

Both strains were treated with 12,5 to 100 g¢g/mL of ethidium
bromide for 16 h at 30 °C in YPG medium with agitation. After
treatmentt, cells were plated in YPD medium and RD mutants detec-
ted by the RD colony production making use of the 2,3,5 triphenyl-
tetrazolium chloride overlay technique® and by replica plating in
YPG medium with glycercl or ethanol as a sole carbon source.

Manometric techniques

Oxygen consumption and carbon dioxide production were
assayed manometrically in a Warburg apparatus.”

Low temperature cytochrome spectra

Cytochrome spectra of intact yeast cells was performed at
liquid nitrogen temperature.
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RESULTS

In contrast to S, cerevisiae strain 196-2 no spontaneous
RD mutants could be recovered from C. tropicalis strain CBS-
644. For C. tropicalis the highest vield of RD mutants was obtai-
ned with 75 ttg/mL of ethidium bromide. Under this condition the
frecuency of petite colony formation was 25 % for C. tropicalis and
100 % for S. cerevisiae. The growth rate of C. tropicalis in YPG
medium was 0,76 h™'. The growth rate of its RD mutants ranged
from 0,04 to 0,4 h™'. As expected, the RD mutants cannot grow on
the non fermentable carbon sources such as glycerol or gthanol. For
all RD mutants tested respiratory competent revertants could not be
detected after plating 10° RD cells in YPG medium containing
glycerol as a sole carbon source.

As shown in Table | oxygen consumption was drastically
reduced in RD mutants derived from CBS-644. It was selected two
RD mutants showing very low oxygen consumption in order to study
their cytochrome spectra at liquid nitrogen temperature. As shown
in figure 1, RD mutants EB-8 and EB-10 are defective in cytochrome
a + a3.

TABLE I

Oxygen consumption and carbon dioxide
production in ethidium bromide induced RD mutants
of Candida tropicalis

Strain Oxygen CO2 Oxygen corisumption/
consumption  production CO; production

CBS-644

lys'ade’ 230,88 66,26 3,48
EB6& 144,76 1,09 132,80
EB7 182,90 3,82 49,20
.EB8 145,62 0,67 217,34
EBS 157,75 1,37 115,14
EB10 144,19 0,57 252,96
EB11 148,64 1,05 141,56
EB12 165,62 0,60 276,03
EB15 214,70 2,20 97,01

1 prmol min™" - g dry weight

DISCUSSION

RD mutants of the petite negative yeast C. utilis unable 1o
grow on non-fermentable carbon sources have been isolated® after
ethidium bromide mutagenesis. However, both the nature of the
gene products affected and nuclear or cytoplasmic localization of
the mutation remain unknown. it has been recently observed that
the RD mutation of C. utilis can be complemented by protopiast



fusion with S. cerevislae respiratory competent cells.® For there
more it has been suggested that the RD mutation of C. utilis might
be of mitochondriai origin.g

EB-8

CBS-644

"

500

Fig. 1. Low temperature cytachrorme spectra of respiratory
competent and RD mutants of C. tropicalis

The present paper reports the isolation of ethidium bromide
induced RD mutants of C. tropicalis defective in cytochrome b and
cytochrome a + a3. In S. cerevisiae subunits Il, Il and | of cytochro-
me oxidase are encoded by the mitochondrial oxil, oxi2 and oxi3
genes respectively and cytochrome b by the mitochondrial cox-box
gene.? The RD mutants of C. fropicalis might be of mitochondrial

origin although a nuclear mutation cannot be ruled out. The genetic
stability of these mutants suggests that they may be deletions. Pre-
liminary analysis of Eco Rl digests of the mitochondrial DNA of
respiratory competet cells and RD mutants of C, tropicalis suggest
that these RD mutants may harbour a gross deletion of the mitochon-
drial genome (unpublished results). Any way RD mutation might be
an important tool for metabolic research in C. tropicalis as well for
increasing ethanol production in this yeast.

CONCLUSIONS

Rd mutants of non-revertables and defectives in cytochrome
b and cytochrome a + a3 were isolated using the mutagen ethidium
bromide. The stability and preliminary analysis of ECORI digests of
the DNA suggests that these mutants might be deletions. These
mutants are useful in the study of aerobic metabolism and genetic
in this yeast,
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Este equipo resulta de gran utilidad en el trabajo

de

laboratorio clinico, principalmente, en aquellos
casos que involucran procesos extractivos que son

realizados en rbos de ensayvo, erlenmeyers, vasos de

precipitado y otros titiles de laboratorio, o que estén

dirigidos especificamente, a la extraccion

triglicéridos, catecolaminas, lipidos totales a partir de
drganos, deidos grasos, asi como de sustancias es-

de

timulantes (dopping) contenidas en la orina, etcétera.
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