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Saccharomyces cerevisiae and Candida albicans were incubated with 0.25, 0.5, or 0.75 ,ug of Hg (as HgCl2)
per ml of Nelson's medium in the presence of trace amounts of oxygen at 28°C for 12 days. Two control media
were used, one without added Hg and one without yeast inoculum. Yeast cell growth was estimated after 1, 2,
3, and 8 days of incubation. The contents of organomercury in the system and of elemental mercury released
from the media and collected in traps were determined at the end of the experiments. The results were as
follows. (i) C. albicans was the more mercury-resistant species, but both yeast species failed to grow in the
media containing 0.75 ,ug of Hg per ml. (ii) The amounts of organomercury produced by the two species were
proportional to the amount of HgCl2 added to the medium. In all cases C. albicans produced considerably
larger amounts of methylmercury than S. cerevisiae. (iii) The amounts of elemental Hg produced were inversely
proportional to the HgCl2 level added in the case of S. cerevisiae but were all similar in the case of C. albicans.
(iv) Neither organomercury nor elemental Hg was produced in any of the control media.

Various microorganisms are capable of converting inor-
ganic forms of certain heavy metals into organic derivatives
(4, 10). Surprisingly, though, little information is available
about such processes in yeast cells. Saccharomyces cerevi-
siae incubated with HgCl2 for 3 days produced a small
amount of CH3Hg' (11). A Cryptococcus sp. was found to
produce elemental Hg by reducing HgCl2 (3). The mercury
mentioned above is that found in the yeast cells themselves;
it is not the Hg derivative found in the media or the liberated
volatile forms of this metal. Also, the studies mentioned
above were carried out under aerobic conditions. We failed
to find any information on such processes taking place in the
presence of only trace amounts of oxygen which occur in
deep water bodies, especially in the presence of enrichment,
such as from pollution or algal blooms, that greatly enhances
yeast cell growth (5).
Both alkylation and reduction of mercurials to elemental

Hg increase the volatility of the metal. Although organomer-
cury derivatives are by far more toxic than Hg2+ (12), it is
quite conceivable that elimination of some of the metal by
volatilization due to microbial metabolism may decrease,
rather than increase, the toxicity of this metal (6).

This study was undertaken to investigate the possible
formation of organomercury and elemental Hg by yeast
species in a medium containing trace amounlts of oxygen. Of
the yeast species tested earlier in our laboratory, Candida
albicans was the most resistant to mercury, whereas S.
cerevisiae was quite sensitive to this metal. Therefore, we
included these two species in the present investigation.

MATERIALS AND METHODS
Media. Nelson medium (in grams per liter of distilled

water) was as follows: glucose, 2.0; Casamino Acids (Difco
Laboratories, Detroit, Mich.), 5.0; yeast extract (Difco), 1.0;
NaCl, 10.0; MgCl2 .6H20, 2.3; and KCl, 3.0. The pH was
adjusted to 7.3, and the medium was autoclaved at 121°C for
15 min. Yeast extract agar (in grams per liter of distilled
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water) was as follows: glucose, 30.0; peptone, 5.0; yeast
extract (Difco), 5.0; and agar (Difco), 25.0.
Growth conditions. The yeast cells were grown at 28°C in

2-liter Erlenmeyer flasks containing 1.5 liters of Nelson
medium, into which HgCl2 was added. The flasks were
stripped with sterile nitrogen gas to remove all dissolved
oxygen and then closed with rubber stoppers to eliminate
most of the oxygen from the system. Microbial growth was
estimated by viable counting of aliquots taken after incuba-
tion for 48 h on yeast extract medium. The concentrations of
Hg (as HgCl2) added were 0.25, 0.5, and 0.75 ,ug/ml of
medium.
Two kinds of control flasks were employed, each in

quadruplicate. The first one did not contain added mercury,
and the second, containing the highest Hg2+ level used (0.75
mg/ml of medium), was incubated without yeast inoculum.
Each mercury level and controls were tested in four

replicate flasks. The experiments were run twice, and the
points in the figures represent the means.

Yeast species. S. cerevisiae ATCC 7752 and C. albicans
CBS 682 were obtained from our Unit of Microbiology
culture stock.

Analytical methods. Polyvinyl chloride tubing pierced
through the stoppers of the growth flasks connected them to
a series of three traps, as previously described (7), except
that in our study the first two traps contained the same
solvent (aqueous solutions of 5% Na2CO3 and 2.5%
Na,HPO4 in equal volumes) to capture organic Hg, and the
third trap contained 5% KMnO4 in 2 N H2SO4, to remove
elemental Hg, which is not captured in the first two traps, by
oxidizing it to Hg2+. The volume of the solution in all traps
was 100 ml. Sterile nitrogen was passed through the system
twice a day to drive the volatile forms of Hg through the
traps and to remove as much of the oxygen in the system as
possible. Samples fromn the growth media and traps were
taken 12 days after the start of the experiment for determi-
nations of inorganic and organic Hg. These assays were
carried out in triplicate, as previously described by Levitan
et al. (8) and Longbottom et al. (9).

Statistical analyses. The results were subjected to one-way
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FIG. 1. Growth of C. albicans (A) and S. cerevisiae (B) in the presence of different levels of mercury. Vertical bars denote standard
deviations of the mean.

analysis of variance, and in cases in which significant effects
of the dose level were found, Fisher's test was performed to
check for significant differences among the data for the
various dose levels.

RESULTS AND DISCUSSION

Effects of mercury on growth rate. The growth perfor-
mances of C. albicans and S. cerevisiae in media containing
different concentrations of Hg2" are shown in Fig. 1. All
media containing Hg caused considerable growth retardation
in both species during most of the incubation period. The
media containing the highest Hg concentration (0.75 lxg/ml)
did not allow growth at all. C. albicans was the more
resistant species; at 0.5 p.g of Hg2" per ml there was only a
slight growth inhibition, and even in the presence of 0.75 ,g
of Hg2" per ml the initial cell count did not decrease
appreciably during the first 3 days of incubation. In the case

of S. cerevisiae, however, 0.5 ,ug of Hg2+ per ml brought
about marked growth inhibition, and in the medium contain-
ing 0.75 ,ug of Hg2+ per ml the cell population decreased
drastically even within the first day.

Production of organomercury. The amounts of organic
mercury (probably methylmercury) found in the growth
media containing different concentrations of HgCl2 and in
the traps connected to them for the two yeast species after 12
days of incubation are shown in Fig. 2. The data established
that the amounts of organomercury excreted into the media
(Fig. 2A) and also the smaller amounts released from them
and captured in the respective traps (Fig. 2B) are propor-
tional to the amounts of HgCl2 added to the medium at the
start of the experiment. The differences were in all cases
significant (P < 0.01). In both series of media and traps, C.
albicans, which was the more mercury-resistant yeast spe-
cies, produced significantly larger amounts of methyl-
mercury than did S. cerevisiae. These findings are in agree-
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FIG. 2. Amounts of organomercury found in the growth medium (A) and organomercury in the traps (B) of S. cerevisiae and C. albicans
after a 12-day incubation as a function of the concentration of HgCl2 added. Vertical bars denote standard deviations of the mean.
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FIG. 3. Amounts of elemental Hg found in the traps connected to

the different cultures after a 12-day incubation as a function of the
concentration of HgCl2 added. Vertical bars denote standard devi-
ations of the mean.

ment with earlier observations for bacterial species; namely,
the organisms exhibiting a higher resistance to toxic metals
show a relatively high capacity to convert them to methyl
derivatives (1, 2). The two control systems employed, one

without added mercury and the other without yeast inocu-
lum, did not contain detectable amounts of organomercury.
It should be noted, though, that under the conditions pre-

vailing in our experiments the amounts of organomercury

found in the traps (Fig. 2B) were much smaller than those
found in the medium (Fig. 2A). Yet, as mentioned above, the
resistance of C. albicans was higher, despite the fact that it
produced more of the highly toxic organomercury and that
most of it was retained in the medium.

Production of elemental mercury. Both yeast species were

also capable of reducing Hg2+ to elemental Hg (Fig. 3).
However, while C. albicans produced a similar amount of
elemental Hg in all media-except in the control (without
yeast inoculum) which was devoid of any elemental Hg-S.
cerevisiae exhibited a diminishing capacity for this reduction
with increasing concentrations of Hg2+ (P < 0.05).

In many bodies of water the most prevalent microorgan-
isms are bacteria. Yet, under certain environmental condi-

tions yeast species may become the dominating species. This
has been reported for enriched and polluted estuarine waters
(5). Also, ecosystems with low pHs often favor yeast cell
growth. Acid waters may be encountered in areas contam-
inated with acid rain, where biomethylation of mercury and
other electrophiles is very likely (14). Therefore, we believe
that the findings of this report indicate that biomethylation of
this metal can be anticipated in such areas as well because of
yeast species.
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