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ABSTRACT The present study explored the ability of the yeast Rhodotorula mucilaginosa RCL-11



26



to adapt to increasing Cu(II) concentrations, measuring the oxidative stress through the



27



superoxide dismutase and catalase activities in two parallel assays in sequential batch mode.



28



One assay was performed in Erlenmeyer flasks without controlled aeration; the second was



29



performed in a fermentor in which the dissolved oxygen was maintained at 30% saturation.



30



Both assays were performed by increasing Cu(II) concentrations in five sequential steps (0;



31



0.1; 0.2; 0.5 and 1 mM). Each assay was incubated at 30ºC, 250 rpm and pH 5.5.



32



While R. mucilaginosa RCL-11 growth parameters decreased with increasing Cu(II)



33



concentration in the culture medium, the oxidative stress level increased in both assays. The



34



cells grown in the fermentor showed higher specific copper bioaccumulation, glucose



35



consumption and decreased of growth rate than cells grown without controlled aeration. SOD



36



activity in the fermentor was greater than in the flasks whereas CAT activity was similar



37



under both test conditions.



38



Cu(II) bioaccumulation capacities by R.mucilaginosa RCL-11 and the possibility of



39



increasing it by copper adaptation and under controlled aeration, would allow the use of this



40



strain in treatment of effluents with dangerously high copper contents.



41 42 43



Key words: Copper(II) uptake, yeasts, Rhodotorula mucilaginosa, oxidative stress, sequential batch
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1-INTRODUCTION Copper is an essential element for all organisms because it is part of the structure of



48



many enzymes and because it is a cofactor of many of them. These enzymes are involved in



49



an array of biological processes required for normal growth, development and maintenance



50



of the cells. However, copper, at higher concentrations, is toxic for all organisms due mainly



51



to the interaction with cellular iron stores and by enhancing the production of reactive



52



oxygen species (ROS) via the Fenton-reaction (Puig and Thiele 2002; Gaetke and Chow



53



2003).



54



Cu(II) is known to be one of the most widespread heavy metal contaminants in the



55



environment (Dönmez and Aksu 2001). Copper enters aquatic systems through mining and



56



industries activities. These systems are often the source of drinking water (Salomons 1995;



57



Audry et al. 2004). The impact of copper on aquatic systems and its distribution in food



58



chains is a serious threat to animals and humans, resulting in a world-wide environmental



59



problem.



60



The most common physico-chemical processes for heavy metals removal are limited,



61



very expensive and have several disadvantages (Eccles 1999). These processes include



62



oxidation and reduction, chemical precipitation, filtration, electrochemical treatment,



63



evaporation, ion-exchange and reverse osmosis processes. Poor selectivity, high reagent



64



requirements and unpredictable metal ion removal are some other disadvantages associated



65



with such techniques. Furthermore, reagents used for metal desorption are themselves



66



pollutants, resulting in toxic sludge and secondary environmental pollution. For these



67



reasons, development of cost-effective alternatives such as bioremediation with microbial



68



biomass has become of interest over the past decade (Silóniz et al. 2002, Malik 2004).



69



Many microorganisms have developed a variety of mechanisms to remove heavy



70



metals from wastewaters involving one of a variety of different mechanisms such as
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71



adsorption to cell surfaces, transport into the cell, intracellular accumulation or reduction to



72



non-toxic heavy metals (Gadd 2000; Lloyd 2003, Malik 2004). Yeasts, eukariotic



73



microorganims, are an inexpensive source of biomass, a by-product of large-scale



74



fermentations, which can be used as an alternative technology to classical physicochemical



75



methods in the detoxification of effluents loaded with heavy metals (Soares et al. 2003).



76



In a previous work, a copper tolerant yeast was isolated from a polluted area of



77



Argentina. It was identified as Rhodotorula mucilaginosa RCL-11. The microorganism was



78



capable of accumulating up to 50% of the copper from a medium containing 0.5 mM Cu(II)



79



(Villegas et al. 2005). After 48 h of growth in the presence of Cu(II), dark grains were



80



observed in the cytoplasm of R. mucilaginosa RCL-11 by electron microscopy . The number



81



of dark bodies in the cells increased with an increase in the length of incubation time.



82



Viewed by scanning electron micrographs, R. mucilaginosa RCL-11 cells grown in the



83



presence of Cu(II) were larger than the cells grown in the absence of the heayy metal



84



(Villegas et al. 2008a).



85



It is well known that yeasts, like other aerobic organisms are continuously exposed to



86



reactive oxygen species (ROS) formed as by-products during normal cellular metabolism.



87



These forms of oxygen are highly damaging towards cellular constituents, including DNA,



88



lipids and proteins (Imlay 2003). These molecules are detoxified via superoxide dismutases



89



(SODs) and catalases (CATs). Both enzymes represent the first and the most important line



90



of antioxidant defense (Lushchak and Gospodaryov 2005). To determine the oxidative stress



91



level produced by different Cu(II) concentrations on R. mucilaginosa RCL-11, endogenous



92



CAT and SOD activities have been measured (Villegas et al. 2008a) These authors found an



93



increase of these activities that were related mainly to the high Cu(II) concentration in culture



94



medium for the yeast, which had to cope with high level of ROS.



95



The present study explored the capacity of R. mucilaginosa RCL-11 to adapt to
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96



increasing concentrations of Cu (II) in sequential batch culture under controlled operating



97



conditions, measuring the oxidative stress through the SOD and CAT activities.



98



2-MATERIALS AND METHODS



99



2.1-Strain, medium and culture conditions



100



Rhodotorula mucilaginosa RCL-11 was isolated by Villegas et al. (2005) from a copper



101



filter in a mineral processing plant, located in the province of Tucumán, Argentina. Cells



102



were incubated in yeast nitrogen base (YNB) without amino acids (Difco) medium with



103



glucose (20 g L-1) as sole carbon source.



104



Two parallel assays were operated in sequential batch mode to assess the copper



105



removal by R. mucilaginosa RCL-11. One assay was performed in 500 mL Erlenmeyer



106



flasks containing 250 mL of culture medium. In this assay the oxygen concentration was



107



unregulated. The second assay was run in a 1.5 L stirred fermentor (L.H.) with a working



108



volumen of 1 L of the same culture medium. The dissolved oxygen was regulated and



109



maintained at 30% saturation by supplying air automatically via a proportional, integrative



110



and derivated (PID) controller. Both assays were done at 30 ºC and 250 rpm. The medium



111



was buffered with 50 mM Tris-succinate to maintain the pH value constant at 5.5.



112 113 114



The flask and fermentor were inoculated with an active overnight pre-inoculum to contain a final concentration of 107 CFU mL-1. For the Cu(II) treatment, a 100 mM CuSO4 5H2O solution was added to the cultures to



115



attain the desired final Cu(II) concentrations. The sequential batchs were performed by



116



increasing concentrations of Cu(II) over the range of 0 to 1 mM with five sequential steps (0;



117



0.1; 0.2; 0.5 and 1 mM ). The first batch, of both assays, carried out in the absence of Cu(II)



118



for 24 h, was called control. The second batch was started after discarding most of the culture



119



and replacing by an equal amount of the same culture medium supplemented with 0.1 mM



120



Cu(II) and incubated during 24 h. The third to fifth batch were performed as the same way
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121



with 0.2; 0.5 and 1 mM of Cu(II) during 30, 50 and 100 h respectively. The initial microbial



122



concentration was fixed circa 107 CFU mL-1 with cells arising from the previous batch



123



culture.



124



2.2-Growth parameters



125



Samples were taken every 5 hours and CFU mL-1 were determined by serially diluting



126



fractions of the culture and plating 100 l of each dilution on YPED-agar: 10 g L-1 yeast



127



extract, 20 g L-1 peptone,15 g L-1 glucose and 15 g L-1 agar.



128



On the other hand, the samples were centrifuged at 10,000 g for 15 min. Cells were



129



washed twice with bi-distilled water and cell dry weight was determined using aluminium



130



foil cups dried to constant weight at 80 ºC. Supernatants were stored at 4 °C for residual



131



glucose and copper concentration analysis.



132



Residual glucose was determined by the Dinitrosalicylic acid (DNS) method described



133



by Miller (1959). Specific growth rates (, h-1) were calculated as the slope of the regression



134



line of the natural logarithm of culture biomass versus time.



135



2.3-Copper determination



136



Total copper concentrations of supernatant samples were measured by atomic



137



absorption spectrophotometry. For determining intracellular metal concentration, cells were



138



harvested by centrifugation and washed twice with bi-distilled water. Subsequently, 100 µl of



139



concentrated nitric acid was added to the cell pellet and the mixture was boiled until the cells



140



were completely dissolved (Abe et al. 2001). Original volumen of samples (10 mL) was



141



adjusted with bi-distilled water.



142



2.4-Enzyme assaying



143



Cells were harvested by centrifugation at 10,000 g for 15 min at the end of each batch



144



and washed twice with 50 mM potassium phosphate buffer (pH 7.8) containing 0.1 mM



145



EDTA. Cell extracts were prepared by agitating 1mL of cell with 0.5 mL of glass beads on a
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146



vortex mixer. Ten pulses of 1 min each were applied, with 1 min intervals on ice bath



147



between pulses. Cell debris was removed by centrifugation at 10,000 g during 20 min at 4 ºC.



148



The supernatants were retained and used as enzyme source. The total protein content in the



149



supernatants was determined by method of Bradford (1976) using bovine serum albumin as a



150



reference protein.



151



2.4.1-SOD enzyme activity



152



SOD activity was determined according to method by Beauchamp and Fridovich (1971)



153



modified. This assay is based on the competition between SOD and an indicator molecule



154



nitro blue tretrazolium (NBT) for superoxide produced by a photochemical reaction in the



155



presence of riboflavin.



156



Native polyacrylamide gel electrophoresis (PAGE) was performed according to



157



Sambrook et al. (1989), loading 10 g total protein in each lane. The electrophoresis was



158



performed at 100 V for 3 h. After the electrophoresis, the gel was incubated for 15 min in 50



159



mM potassium phosphate buffer (pH 7.8) containing 0.1 mM EDTA, followed by an



160



immersion in NBT solution for 15 min (1 mg mL-1) in dark. Subsequently the gel was



161



incubated in 50 mM potassium phosphate buffer (pH 7.8) containing riboflavin (0.03 mg mL-



162



1



163



After that, the gel was exposed to light for 20–30 min. Areas with SOD activity remained



164



colorless after the gel turned a violet color as a result of formazan formation.



) and methionine (5 mg mL-1) for 15 min at room temperature with gentle shaking in dark.



165



To quantify total SOD activity, 1.5 mL of 50 mM potassium phosphate buffer (pH 7.8)



166



containing 0.1 mM EDTA, 0.4 mL of NTB solution (1 mg mL-1), 1 ml of riboflavin (0.03 mg



167



mL-1) and methionine (5 mg mL-1) solution and 0.01 mL of samples were mixed in dark. The



168



mixes were exposed to light for 20 min. The reading obtained with 0.01 mL of water, under



169



this condition, was considered 100% of NBT reduction. One unit (U) of SOD was defined as



170



the amount, which caused 50% inhibition of NBT reduction to blue formazan under the test
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171



conditions. To discriminate between CuZnSOD and MnSOD, samples were incubated with



172



10 mM H2O2 for 30 min before being loaded on the gel, CuZnSOD is sensitive to H2O2



173



(Liochev and Fridovich 2002).



174



2.4.2- CAT enzyme activity



175



The catalase activity was measured spectrophotometrically at room temperature



176



following the decrease of absorption at 240 nm of a solution containing 50 mM potassium



177



phosphate buffer (pH 7.5), 0.5 mM EDTA, 10 mM H2O2 and 0.01 mL of free cell extracts



178



(Lushchak and Gospodaryov 2005). One unit of CAT was defined as mM of H2O2 consumed



179



per minute.



180



Results of the total SOD and CAT activities were expressed as U per mg of total



181



proteins.



182



2.5-Statistical analyses



183



The results obtained in the present work were expressed as mean values of at least



184



triplicate determinations of independent cultures. The statistical significance of differences



185



among values was assessed by using the Student’s t-test and ANOVA. A probability level of



186



P 
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