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The effects of methanol and magnesium chloride on the induction of cytoplasmic respiration-
deficient (RD or petite) mutants of yeast, Saccharomyces cerevisiae, by metal compounds were
investigated. ZnCl,, HgCl,, NiCl,, CdCl, and MnCl, induced 1.8—2.2% RD mutants at
concentrations where almost no growth inhibition was observed. Induction of RD mutants by these
metal compounds decreased to the spontaneous level (1.4%) in 4% methanol. The effect of
methanol was weaker on RD mutant induction by PbCl, and CuCl,. The induction of RD mutants
by CoCl, was not affected by methanol. NiCl, and CdCl, were strongly mutagenic at higher
concentrations, and the mutagenicity of these metal compounds was also repressed by 4%/
methanol. The frequency of RD mutants induced in the presence of 1x 10~ 2m MnCl, was
increased from 13.5 to 60.7% by the addition of methanol. This increase of the induction of RD
mutants in the presence of MnCl, and methanol was antagonized almost completely by the addition
of MgCl, to the culture medium. The same effect of MgCl, was observed in the absence of
methanol. The effects of methanol and MgCl, on the induction of RD mutants in yeast are
discussed.
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Alcohols such as methanol and ethanol have been widely used as solvents for samples in
mutagenicity tests. Though the physiological effects of alcohols have been studied in
methanol-utilizing yeasts" and other yeasts for alcohol fermentation,? the mutagenic effects
of alcohols on yeast cells are still obscure. We have already reported that methanol itself did
not induce cytoplasmic respiration-deficient (RD or petite) mutants but prevented the
induction of cytoplasmic RD mutants by aromatic alcohols® and acriflavine® in yeast,
Saccharomyces cerevisiae. Methanol has been shown to decrease the uptake of acriflavine by
yeast cells.¥

The induction of RD mutants by metal ions such as Ni>*, Cd2*, Mn2*, Cu?* and Co?*
at relatively low and virtually nontoxic concentrations was observed in S. cerevisize.’® In
the present paper, the effects of methanol on the induction of RD mutants by metal ions were
examined using S. cerevisiae. Methanol prevented the induction of RD mutants by most of
the metal ions tested, while it enhanced the induction of the mutants by Mn?". The increase of
the induction of RD mutants in the presence of Mn?* and methanol was counteracted almost
completely by the addition of Mg?*. These results provide some information regarding the
mechanism of the effects of methanol on the induction of RD mutants in yeast.

Materials and Methods

Strain Saccharomyces cerevisiae ATCC 26422 (S. sake Kyokai No. 7) was used.
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Chemicals—Methanol was purchased from Nakarai Chemicals Co., Ltd. Metal compounds were commercial
preparations of guaranteed reagent grade.

Cultivation and Detection of RD Mutants Yeast cells precultured on Ogur’s medium,” which contained
0.35% polypeptone, 0.3% yeast extract, 2%, glucose, 2%, KH,PO,, 0.17; MgS0," 7H,0 and 0.1%; (NH,),S0,, were
inoculated into 10 ml of fresh Ogur’s medium at 1 x 10° cells/ml. Each metal compound and 47; methanol, which did
not show any mutagenic or growth-inhibitory effects on the yeast cells,® were added at the start of the incubation.
After a 24-h incubation with shaking at 30 °C, cells were washed and diluted with sterilized water and spread onto
Ogur’s agar plates to give about 200 colonies per plate. After incubation at 30°C for 2d, colonies were scored for
survivals and RD mutation by the tetrazolium salt overlay method.'® Both completely white and sectored colonies
were counted as RD mutants. Results were expressed as averages of at least three independent experiments with 5
plates.

Results

Effects of Metal Ions on Yeast Growth

When yeast cells were grown in Ogur’s liquid medium at 30°C for 24h without the
addition of any metal compound or methanol, the cell population reached 1.8 x 108 cells/ml.
As shown in Table I, metal compounds were tested in the concentration range of .1 x 1072 to
1x10~7M. Each metal compound was tested for RD mutant induction at the highest
concentration showing almost no growth inhibition (+ + + in Table I), and at one order
higher concentration, if only slight growth inhibition was recognized (+ + in Table I).

Effects of Methanol on the Induction of RD Mutants by Metal Ions

As shown in Table 11, the frequency of spontaneous RD mutants in S. cerevisiae ATCC
26422 was 1.4% after 24-h incubation at 30 °C. Methanol did not show any mutagenic or
growth-inhibitory effect on the yeast. At concentrations having no growth inhibitory effect,
ZnCl,, HgCl,, NiCl,, CdCl, and MnCl, induced RD mutants in the range of 1.8t02.2%. The
addition of 4% methanol to the culture medium decreased the induction of RD mutants to the
spontaneous level. This effect of methanol on the RD mutant induction was weaker in the case
of PbCl, and CuCl,. The induction of RD mutants by CoCl, was not affected by the addition
of 4%, methanol.

As shown in Table I, the growth of yeast was inhibited by higher concentrations of metal
ions, and the induction rate of RD mutants by Ni**, Mn?* and Cd? " increased sharply. Both
CdCl, (107%Mm) and MnCl, (1072 M) were the most effective of all the metal ions tested and
could induce 13.0 and 13.5% RD mutants, respectively. Except for the case of Mn?*,

TasLE 1. Effect of Metal Compounds on Yeast Growth

Concentration (M)

Compound
1x1077  1x107 1x1075 1x107* 1x107® 1x107?
MnCl, +++ ++
PbCl, +++ ++
ZnCl, +++ -
CoCl, +++ ++ +
NiCl, +++ ++ -
CuCl, +++ ++ - -
HgCl, 4+ —~ —~ -
Cdcl, + ++ — - - -

Yeast cells were inoculated into Ogur’s medium at 1 x 10° cells/ml and incubated at 30°C with metal
compounds. After a 24-h incubation, the medium was diluted appropriately and spread onto agar plates to
give about 200 colonies. Colonies formed were counted and converted into per ml medium; + + + (>10°
colonies), + + (108—107 colonies), + (10"—10° colonies) and — (< 10° colonies).
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TaBLE II. Effects of Methanol on Growth and Induction of RD
Mutants by Metal Compounds in Yeast

Compound C?:;)C o 4% methanol Ci?:isrfe; 111(1)18 RD ?‘;:)t ants
None — 1.8 1.4+0.8
+ 2.0 09+0.3
ZnCl, 1x1073 - 1.3 2.1+1.1
+ 1.6 1.6+1.5
HgCl, 1x1073 — 1.7 2.0+1.1
+ 1.6 1.4+1.0
NiCl, 1x1074 — 1.4 1.8+0.6
+ 1.8 1.4+1.1
1x1073 - 0.7 7.2+4.6
+ 1.6 0.9+0.6
Cdcl, 1x1077 - 1.8 20+1.2
+ 1.6 1.4+0.8
1x107° — 0.7 13.0+5.7
+ 1.2 1.6+1.5
MnCl, 1x1073 - 1.6 22+15
+ 1.7 1.5+1.4
1x1072 — 0.5 13.5+5.0

+ 0.03 60.7+14.2
PbCl, 1x1073 - 1.7 3.1+2.1
+ 1.7 20+1.0
1x1072 — 0.3 3.4+0.8
+ 0.3 1.9+1.5
CuCl, Ix107° - 1.8 22+1.1
+ 1.7 1.9+0.6
Ix107¢ — 0.3 2.7+22
+ 0.5 1.9+1.7
CoCl, Ix107% - 1.2 5.6+52
+ 1.5 5.3+4.2
1x1073 - 0.7 46+3.1
+ 0.5 42+1.3

Yeast cells were inoculated into Ogur’s medium at 1 x 10° cells/ml and incubated at 30 °C for 24 h with or
without each metal compound and 4% methanol. Cells were diluted and spread onto Ogur’s agar plates and
incubated at 30°C for 2d. RD mutants were scored by the tetrazolium salt overlay method. Growth was
expressed as colony-forming cells/ml culture. Results were the average of -at least three independent

experiments +S.D.

TasLe III.

Mutants by Manganese Chloride in Yeast

Effects of Magnesium Chloride on Induction of RD

Cells per ml

Compounds o RD mutants
(1x10"2m) 47 methanol e % 108 %)
MnCl, MgCl,

+ — - 0.5 13.5+5.0
+ — + 0.03 60.7+14.2
- + — 1.9 23+1.0
— + + 2.1 1.1+£0.5
+ + — 0.6 48+1.8
+ + + 0.6 22+0.6

Details are the same as in Table I1.
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TaBLE IV. Induction of RD Mutants of Yeast by Manganese or
Cadmium Chloride in Magnesium Ion-Free Medium

Compound C(()ac):n. 49%; methanol c?n‘letl:lsrfe; ?(1)18 RD zr‘;;l)tants
None - 1.5 1.0+1.0
+ 1.9 1.2+1.0
MnCl, 1x1073 - 0.3 16.8+4.0
+ 0.03 63.8+5.8
Cdcql, 1x107¢ - 0.3 26.1+9.7
+ 1.1 1.7+£1.2

MgSO, - TH,0 (4 x 1073 M) in Ogur’s medium was omitted. Other conditions were the same as in
Table II.

methanol still repressed the RD mutant induction to the spontaneous level as found with
lower concentration of metal ions. In contrast, methanol enhanced the RD mutant induction
by Mn?* to 60.7%,. The growth inhibition by higher concentration of metal ions such as Ni* ",
Cd?* and Cu?* was reversed to some extent by the addition of methanol, but that of Mn?*
was greatly enhanced.

Effect of Magnesium Chloride on the Induction of RD Mutants by Manganese Chloride

As shown in Table III, 1 x 1072m Mg?* induced only 2.3% RD mutants and did not
inhibit the growth of yeast cells. The induction of RD mutants by Mn?* decreased from 13.5
to 4.8% on the addition of Mg? ™. The effect of Mg** was remarkable in the presence of 4%
methanol, and the induction of RD mutants decreased from 60.7 to 2.29,. The growth
inhibitory effect of Mn?* was also reversed by the addition of Mg?*.

The Induction of RD Mutants by Manganese and Cadmium Chlorides in Magnesium Ion-Free
Medium

Since Ogur’s medium contained 0.1% (4 x 1073 M) MgSO, - 7H, O, this constituent was
omitted to examine the effect of Mg?* on the induction of RD mutants. Both Mn?* and Cd**
were tested because of their high mutagenicity. In this medium, 1 x 1072 M MnCl, inhibited
the cell growth almost completely (data not shown). As shown in Table IV, 1 x 1073 M MnCl,,
which was only weakly mutagenic in the complete Ogur’s medium, induced 16.89, RD
mutants. Methanol enhanced the induction of RD mutants considerably. On the other hand,
the RD mutation induced by Cd** in the Mg?*-free medium did not show any marked
change compared with that in complete Ogur’s medium.

Discussion

Though the mechanisms are still obscure, many metal ions have been reported to induce
cytoplasmic RD mutants in yeast.> ~® In this study we have shown that methanol decreases
the induction rate of RD mutants by most of the metal ions tested. This methanol effect was
already reported in connection with the induction of RD mutants by aromatic alcohols® and
acriflavine.¥ These facts suggest that methanol may affect the common process(es) in the
induction of RD mutants, i.e. the uptake of mutagens into yeast cells and/or mitochondria,
and expression of the RD phenotype'! after the action of mutagens. In this respect, we have
reported that methanol partially inhibits uptake of acriflavine by yeast cells.*) The recovery of
the cell growth by methanol may also depend on the methanol-induced prevention of metal
ion uptake or accumulation. Methanol apparently does not affect the expression of the RD
phenotype, since methanol enhanced the RD mutation induced by Mn**.
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The marked enhancement of Mn?*-induced RD mutation by methanol suggested that
Mn?* may induce RD mutants by a mechanism different from that of other metal ions.
Putrament et al.” have reported that the induction of RD mutants by Mn?* results from a
decrease in the fidelity of mitochondrial deoxyribonucleic acid (mitDNA) synthesis. They'?
concluded that Mn?* interacts with yeast mitDNA polymerase which has a definite
preference for Mg?*.'» Methanol is considered to help the action of Mn?* as an error-
producing factor during the replication of mitDNA. For instance, if methanol stimulates the
induction of mitDNA polymerase, the amount of abnormal mitDNA polymerase in which
Mg?* is replaced by Mn?" may increase and the fidelity of mitDNA synthesis may be
affected. Further experiments are required to elucidate the mechanism of methanol effect on
the induction of RD mutants by Mn?~.

The induction of RD mutants by Mn?* is prevented almost completely by the addition of
Mg2* (Table III). The same effect of Mg?* on the RD mutant induction by Mn** was
previously reported.”®) Fuhrmann and Rothstein’® and Rothstein ez al.'> have reported a
competition between Mn?* and Mg?* transport into yeast cells. Mg?* was taken up
preferentially over Mn?* and can totally inhibit Mn®* uptake when added at the same
concentration.'® This inhibition of Mn?* uptake by Mg?* is in agreement with the result
presented in this report that Mg?* antagonizes Mn?* in terms of cell growth. The growth and
the RD mutant induction in Mg?*-free medium (Table IV) also show an inhibitory effect of
Mg?* on Mn?" transportation but not on Cd®* transportation into yeast cells. Detailed
studies on the concentration dependence of the methanol effects and on the correlation
between the methanol effects and cell growth are in progress.
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