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Many countries in Asia, such as Bangladesh, India, and Vietnam, where water
for human use, including drinking water, comes from surface-water and under-ground
sources, are facing issues of contamination with heavy metals such as arsenic,
manganese, and iron that adversely affect the health of millions of people. In these
countries, contaminated water is not only used for drinking but also broadly used for
irrigation of rice, especially during the dry season. Irrigation has led to the accumulation
of heavy metals in paddy soil, and has consequently caused an increase in metal levels
in rice grains. The widespread contamination of paddy field soils and increased heavy
metal content in the grains occur because of extensive industrial and metal mining areas
that cause heavy metal pollution in these countries. The most common inorganic
pollutants in groundwater are iron and manganese. Manganese (Mn) concentration must
be lower than 0.05 mg L™ as a secondary contaminant according to the United States
Environmental Protection Agency (EPA) (1979); however, a level of 0.02 mg L™ is
more appropriate to ensure consumer safety and minimize the potential for water

discoloration.

Although Mn is an essential element for living organisms, it becomes toxic

when it presents at high concentrationsin cells.



Although conventional methods for removing metal ions from agueous solution,
such as chemical precipitation, ion exchange, electrochemical treatment, membrane
technologies, and adsorption on activated carbon, have been studied in detail, these
methods are not efficient for treating large amounts of water or wastewater containing
heavy metals at low concentrations. Therefore, an aternative technique is needed,
which is safe, efficient, and economical. In addition to the advantage of low operating
costs, a biological method is an idea candidate for the treatment of high volume of
water containing low concentration of metal ions. Such a method may be able to

decrease the concentration of heavy metal ionsin solution from the ppt to the ppb level.

Although numerous studies from different disciplines have demonstrated that
bio-sorption/bioaccumulation is a useful alternative to conventional systems for heavy
metal removal from agueous solutions, further research is still needed to develop the
bi o-sorption/biocaccumulation processes and apply them to the treatment of water and
wastewater sources. In recent decades, there has been increasing interest in using yeast
and specific components of yeast cells as bio-sorbent materials. These applications have
been based on new scientific evidence that suggests a role of yeast and yeast-derived
products in modern systems. One of special interests is the use of Saccharomyces
cerevisiae as biomaterial. Use of S cerevisiae as a model system in studies of the
mechanism of its stress response to metals, as well as other stresses, has provided an
important framework that can be used to gain a deeper understanding of the
mechanisms of metal toxicity and detoxification in higher eukaryotes. It has also aided
us in the expansion of potential resources for biomaterials. Using yeasts is not only
economical but also malleable to genetic, non-pathogenic, and morphological
manipulations that result in better raw biomaterials. Although there are some reports of
heavy metal bioaccumulation by S. cerevisiae, these studies do not primarily focused on
Mn. Thus, more research is needed to determine bioaccumulation of Mn by the growing

cells.

Screening of suitable microbial strains, which are more efficient and adaptable
to environmental stresses, is important to enhance the applicability of bioaccumulation
of Mn using growing microorganisms as a biomaterial. There is also little information

regarding the screening of new strains that may have a greater ability to accumulate Mn



and be more applicable for water treatment using growing cells.

In the framework of this thesis, | would like to focus on bioremediation,
especidly bioaccumulation of Mn by Saccharomyces cerevisiae cells, attracting
continuing attention for developing satisfactory solution for the water decontamination
in recent years. In this study, a promising strain of yeast with significant Mn
accumulation has been isolated for real water/wastewater treatment using living cells.

The thesis consists of 4 Chapters as follows:

In Chapter 1, | provided some overviews of Mn contaminant information, types
of biomaterial using for bioremediation, methods for treatment of heavy metals in
water/wastewater. Bioremediation using yeasts as biosorbent (dead cells/treated cells) or
as bio-accumulator (living/dive cells) were also reviewed. Furthermore, purposes of this
thesis were a so addressed.

In Chapter 2, Mn accumulation of Saccharomyces cerevisae BY4741 was
examined and screening of high Mn-accumulating of variants was performed from the
Saccharomyces cerevisiae strain. Based on the ability of Mn accumulation, a variant
having a capacity of four to five fold Mn accumulation than the parental strain was
selected, suggesting that this variant may become a promising tool for Mn removal from

water.

In Chapter 3, the function of Mn(l1) ion in scavenging reactive oxygen species
(ROS) within yeast cells was examined. It was shown that Mn(l1) ion could act as a ROS
scavenger to protect yeast cells against the ROS caused by *°Co-gamma irradiation and
other ROS sources such as hydrogen peroxide, menadione by using the yeast cells grown
in nutrient medium supplemented with 0.5 mM of Mn(Il). On the contrary, the isolated
high Mn-accumulating variant showed lower activity of catalase and superoxide
dismutase and lower content of trehalose, and was sensitive to ROS caused by
®Co-gamma irradiation and other ROS sources such as hydrogen peroxide and
menadione. These results suggest a new trend of Mn(ll) function to scavenge ROS

collaborating with other ROS scavenging functions in yeast cells.

In Chapter 4, the main results of this thesis and perspectives of future research

were summarized.
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