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Summary: Thirty-nine nitrosoguanidine-induced respiratory-deficient mutants 
of Kluyveromyces lactis strain CBS 2359 were isolated. These mutants do not 
grow on glycerol and have a lower respiration rate associated with a reduced 
capacity to react with tetrazolium salts. Mitochondria isolated from these 
mutants are altered in the oxidation of several substrates of the respiratory 
chain. From the spectroscopic analysis of the cytochromes it is possible to 
distinguish four groups of mutants in which: first group) all cytochromes are 
missing; second group) only cytoehrome ! is missing; third group) cytochromes 
a, b, Cl are missing; fourth group) no cytochrome is absent. Tetrade analyses 
show that the respiratory-deficient mutants are of chromosomal type. The 
existence of these mutants demonstrates that the failure in obtaining cyto- 
plasmic respiratory-deficient mutants in Kluyveromyces lactis does not depend 
on the lethality of the alteration of the respiratory chain. 

INTRODUCTION 

In growing cultures of Saccharomyces cerevisiae and related species, 

there are approximately 2-4% of respiratory-deficient (RD) cells called vege- 

tative petites known to be due to the loss of the cytoplasmic hereditary fac- 

tor rho (1,2). These mutants exhibit a non-Mendelian pattern of inheritance 

and can be selectively induced by specific mutagenic agents such as acrifla- 

vine, 5-fluorouracile, ethidium-bromide with a frequency near to 100% (3,4). 

The RD cells cannot utilize non-fermentable carbon sources and are un- 

able to reduce tetrazolium salts (5). Spectroscopic examination of the in- 

tact cells of these mutants has revealed alterations in either the amount or 

kind of cytochromes, or both, which can account for the absence of a number 

of enzymatic activities involved in the respiratory chain. 

In addition to the vegetative mutants, there exist phenotypically simi- 

lar mutants resulting from a mutation which, on the basis of its Mendelian 

pattern of inheritance, have been mapped on the chromosomal loci (segrega- 

tional petites) (1,2). 

Bulder (6) classified several yeast species as "petite positive" and 

"petite negative" depending on whether or not viable RD mutants could be 
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obtained by acriflavine treatment. In addition, Del Giudice et al. (7) con- 

firming Bulder's classification by means of 5-fluorouracil , ethidium bromide, 

U.V. rays, demonstrated that the lack of production of RD mutants in the 

"petite negative" species does not depend on the mutagens used but reflect a 

structural property of the mitochondrial information. 

In this paper we report the isolation by means of nitrosoguanidine 

treatment of several RD mutants from a "petite negative" strain, Kluyveromyces 

lactis, showing a Mendelian segregation (chromosomal petites), the existence 

of which excludes that the lack of induction of cytoplasmic RD mutants in this 

species depends on the lethal effect of the alteration of the respiratory 

chain. 

MATERIALS AND METHODS 

Yeast strain. The prototrophic haploid yeast strain Klu~veromyces lactis 

CBS 2359 was used. This strain comes from the Centraalbureau voor Schimmel- 

cultures, Yeast Division, Baarn, The Netherlands. 

Media. YEPD broth 0.5% yeast extract (Difco), 1% bactopeptone (Difco), 2% 

glucose. YEPG broth with 2% glycerol substituted for glucose. For maintenance 

of yeast stocks and cell plating, 2% agar (Difco) was added. 

Nitrosoguanidine treatment. Mutagenesis was performed at 30°C. Nitrosoguani- 

dine stock solution (I mg/ml) was prepared in sterile citric-phosphate buffer 

O.15 M (pH 6.1). 

Stationary-phase cells, grown at 30°C, were centrifuged for i0 min at 

2,000 x g and washed twice with sterile distilled water. The pellet was re- 

suspended in citric-phosphate buffer O.15 M (pH 6.1) at a final concentration 

of about i x 109 cells per milliliter. 

Nitrosoguanidine solution was added to give the desired final mutagen 

concentration and the mixture was incubated in a 30°C water bath without 

shaking. Samples were withdrawn at different intervals of time, washed twice 

and resuspended in sterile distilled water at appropriate dilutions for 

plating on YEPD agar for survivors. 

2,3,5-Triphenyltetrazolium chloride (TTC) overlay. Colonies grown on YEPD 

agar plates were overlaid with TTC following the methods described by Ogur e__~t 

al. (5); respiratory competent (RD +) cells turned red within a few hours. 

Genetical analysis. The conditions for mating, the isolation of spores and 

determination of mating type were carried out according to Herman and 

Halvorson's work (8). 

Preparation of mi.tochondria. The A method of Kellems (iO) was used with 

certain modifications. Cells were grown to early stationary-phase at 30°C in 

YEPD broth, harvested by centrifugation and washed once with sterile distilled 

water and once with a buffer containing IO mM Tris-HCl (pH 7.4), i mM EDTA and 

866 



Vol. 59, No. 3, 1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

0.25 M Mannitol (MTE buffer). Cells (about 20 g) were resuspended in 40 ml of 

MTE buffer and 80 g of glass beads (0.5 mm diameter) were added. The suspen- 

sion was homogenized in a Virtis-45 homogenizer at maximum velocity for 20 

min. The tube containing the cell suspension was cooled in an ice-bath. The 

suspension was decanted and the beads rinsed with 3 x 5 ml of MTE buffer. The 

pooled rinses and suspensions were centrifuged for i0 min at 2,000 x g to re- 

move unbroken cells and cell debris. The supernatant suspensions were centri- 

fuged at 12,000 x g for IO min and the pellet resuspended in 50 ml of MTE 

buffer and centrifuged at 2,000 g for i0 min for further cleaning. 

Mitochondria were pelleted from the supernatant suspensions by centrifu- 

gation at 12,O00 x g for I0 min and resuspended in 2 ml MTE buffer. 

Respiration measurement. The oxygen uptake of the whole cells was measured 

polarographically with a Gilson Oxygraph Mod. KM; the mixture contained 3.0 

ml of 67 mM KH2PO 4 (pH 4.5), 0.i ml of 40% solution of glucose, 0.i m] of 

cell suspension. Respiration rates (QO2) were expressed as microliters of 02 

consumed per hour per 1 x 108 cells. 

The mitochondrial oxygen uptake was measured in a mixture containing 

3.0 ml of 0.i M Tris-HCl (pH 7.4), O.i ml of the mitochondrial fraction with 

about 50 mg per ml of protein, and 0.i ml of one of the following substrate 

solutions: a) 0.I M sodium succinate, b) 0.5 mM NADH, c) 0.i M sodium L-lac- 

tate, d) 0.i M sodium D-lactate. Respiration rates Were expressed as micro- 

liters of 02 per hour per milligram of protein. 

Cytochrome spectra. The cytochrome content was examined using the low-tempe- 

rature spectroscopic technique described by Sherman (ii). Cells were grown 

for 3 days at 30°C on YEPD agar plates and sodium dithionite grains were 

added to a paste of blotted yeast which was then cooled in liquid N 2. Cyto- 

Table I. Spectroscopic analysis of the cytochrome of the wild strain and 
respiratory-deficient mutants of Kluyveromyces lactis 

Mutant groups Number of mutants Cytochromes 

analyzed ~ ~ ! 1 ! 

1 

2 

3 

4 

Parental strain 
Kluyv. lactis 2359 

2 - -  - -  - -  

7 - + + + 

12 - - + 

18 + + + + 

+ + + 4- 
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Table II. Respiration rates (Q02) of intact cells of the wild strain and 
respiratory-deficient mutants of Klu~veromyces lactis ~ 

QO 2 % QO 2 

(~I O2xhxl.lO 8 cells) respect to the wild strain 

Parental strain 
Kluyv.lactis 2359 40.8 IO0 

Mutant strains 
First group: No. 1 5.3 13 

2 ii.O 27 

Second group: No. 3 5.3 13 
4 5.7 14 
5 6.1 15 
6 6.1 15 
7 6,9 17 
8 7.7 19 
9 7.7 19 

Third group: No.lO 3.4 8.5 
Ii 3.67 9 
12 4.0 iO 
13 4.4 ii 
14 4.8 12 
15 6.4 15.8 
16 6.9 17 
17 6.9 17 
18 7.3 18 
19 ii.0 27 
20 11.8 29 
21 12.5 30.5 

Fourth group: No.22 3.26 8 
23 5.7 14 
24 7.3 18 
25 13.O5 32 
26 16.7 41 
27 16.7 41 
28 17.9 43.8 
29 18.7 46 
30 18.7 46 
31 19.5 48 
32 19.5 48 
33 20.4 50 
34 22.4 55 
35 23.46 57.5 
36 28.15 69 
37 28.56 70 
38 31 76 
39 35.5 87 

~Glucose was used as respiratory substrate 

chrome spectra of cells were examined with a Pupillaire Zeiss spectroscope 

fitted on a microscope. 

RESULTS 

Strain CBS 2359 was treated with nitrosoguanidine at a final concentra- 
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tion of 25 ~g/ml for 30 min, sufficient to give 10-20% of survivors. Out of 

IO,OOO colonies, 39 RD mutants were selected for their inability to grow on 

YEPG media. 

All the mutants, purified three times by single-colony isolation, showed 

a stable RD phenotype which was confirmed by their diminished ability to re- 

duce TTC. 

Table I shows the results of the low-temperature spectroscopic analysis 

of the cytochrome content of the mutants compared to that of the parental wild- 

type strain. 

RD mutants were divided into four groups: in the first two mutants (i 

and 2), all the cytochromes are missing; in the second, seven mutants (3 to 9) 

are deficient only in cytochrome ~; in the third, twelve mutants (iO to 21) 

have cytochrome c as the only component; in the fourth, eighteen mutants (22 

to 39) show a normal cytochrome spectra. 

Table II shows the respiration rates of intact cells of all the RD 

mutants and of the parental wild-type strain, using glucose as substrate. 

The first three groups of the RD mutants show low respiration rates, 

while in the fourth group there are RD mutants with low respiration rates and 

RD mutants with respiration rates comparable to that of the parental wild- 

type strain. 

Respiration rates of mitochondrial fractions extracted from some mutants 

of each group compared to that of the parental strain has been determined 

(Table III). Succinate, NADH, L-lactate, D-lactate were used as substrates 

and the respiratory rates were sufficiently low with respect to that of the 

wild strain. The tetrade analysis on two independent RD mutants for each 

group of cytochrome spectra was made. At least seven asci for RD+/RD segrega- 

tion were analyzed for each cross and it was found that all gave a 2:2 ratio. 

Table III. Oxygen uptake by mitochondrial fractions of wild strain and 
respiratory-deficient mutants of Klu veromyces lactis ~ 

Substrates Parenta] strain Respiratory-deficient mutants No. 

Kluyv.lactis 2359 2 3 ii 20 23 24 

Succinate 108 46 39 17 58.4 20.1 33.2 

NADH 108 46 39 17 58.4 20.1 33.2 

L-lactate 51 26.2 16.4 11.3 41.3 14.6 24.5 

D-lactate 51 26.2 16.4 11.3 41.3 14.6 24.5 

~Results expressed as ~i 02 respired per hour per milligram of protein. 
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CONCLUSION 

Despite the fact that classical mutagens of the cytoplasmic genetic com- 

plement are unable to induce RD mutants in petite negative species, viable RD 

mutants were isolated by nitrosoguanidine treatment of the "petite negative" 

yeast Kluyveromyces lactis CBS 2359. 

Out of 39 independent RD mutants isolated by the replica-plating tech- 

nique, four different groups have been identified by low temperature spectro- 

scopic analysis of the cytochrome content. The first three groups of the 

mutants showed an altered cytochrome spectra, while the fourth had a normal 

cytochrome spectra. 

Our results agree with those obtained on RD mutants induced by U.V. rays 

in a Kluyveromyces lactis yeast strain (12) and suggest that the alterations 

of the respiratory chain is not per sea lethal event. This fact indicates 

that in this yeast the mitochondrial particle is probably associated with a 

series of information or functions 9 the integrity of which is essential for 

the life of the cell and that does not coincide with the respiratory mechanisms 

of ATP synthesis. This hypothesis agrees with the results obtained on 

Kluyveromyces lactis strain CBS 2360 in which erythromytin and rifampicin 

inhibit in vivo the cytoplasmic system for the synthesis of RNA and proteins, 

in spite of the fact that in vitro the two biosynthetic sysnems are resistent 

to the above antibiotics which affect only the mitochondrial system for RNA 

and protein synthesis (13,14,15). 

ACKNOWLEDGEMENT 

This work was carried out with the invaluable help of the late Prof. 

T. Cremona. 

REFERENCES 

i. Ephrussi, B. (1953) Nucleo-cytoplasmic relations in microorganisms. 
London, Oxford University Press. 

2. Sherman, F. (1963) Genetics 48, 375. 
3. Ephrussi, B., Hottinger, H. and Chim~nes, A.M. (1949) Ann. Inst. Pasteur 

76, 351. 
4. Slonimski, P.P., Perrodin, G. and Croft, J.H. (1968) Biochem. Biophys. 

Res. Commun. 30, 232. 
5. Ogur, M., St. Joh---n, R. and Nagai, S. (1957) Science 125, 928. 

J ~  

6. Bulder, C.J. (1964) Antonie van Leeuwenhoek J. Microbiol. Serol. 30, I. 
7. Del Giudicep L., Pacchetti, G., Puglisi, P.P. and Tassi, R.F. Giorn. di 

Microbiologia Ital., 1974, in press. 
8. Herman, A. and Halvorson, H.O. (1963) J. Bacteriol. 85, 895. 

8?0 



Vol. 59, No. 3, 1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

9. Van der Walt, J.P. (1965) Antonie van Leewenhoek J. Microbiol. Serol. 
31, 345. 

IO. Kellems, R.E. and Butow, R.A. (1972) J. Biol. Chem. 247, 8043. 
ii. Sherman, F. and Slonimski, P.P. (1964) Biochim. Biophys. Acta 90, i. 
12. Herman, A.I. and Griffin, P.S. (1968) J. Bacteriol. 96, 457. 
13. Marmiroli, N. and Puglisi, P.P. I ° Congresso S.I.B.P-~-A., Camogli, 

December 1973, in press. 
14. Badarocco, G., Marmiroli, N., Plevani, P., Puglisi, P.P° and 

Cassani, G. Atti S.I.B.B.M., X °Conv. Naz., Padova, September 1973, 
in press. 

15. Zennaro, E. and Puglisi, P.P. In preparation. 

871 


