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INTRODUCTION 

 

A lot of researches was investigated to understand better heavy metals toxicity, the public awareness of environmental pollution 

were the driving forces for enactment and enforcement of stricter legislation on the discharge of the toxic heavy metal 

contaminants [1].  Many aquatic environments have received heavy metals with concentrations exceeding water quality standards, 

that are designed to protect the environment. Consequently, the development of cost-effective management systems and treatment 

technologies becomes paramount. The industries activating in metal finishing, electroplating, leather tanning, stainless steel 

production, and textile, produce large flows of contaminated water containing high concentrations of chromium [2]. Natural 

occurring of chromium in water, arise from mineral weathering processes, soluble organic chromium, sediment load, and 

precipitations [3]. Frequently, chromium is released by environmental accidents from anthropogenic sources as well as natural 

geochemical processes [4,5]. 

Abstract 
 
Heavy metal pollution is a topic that attracts a lot of environmental organization’s attention. Recognizing the 
capacity of microorganisms and biological materials to remove heavy metals from contaminated sites, and their 
advantage to be a cheaper method of heavy metal remediation, many researches have been dedicated to study and 
optimize this kind of process. The present work is an eco-physiologic study of hexavalent chromium uptake 
phenomena, by three species of yeast, in order to investigate some transformations that occur on yeast cell during 
exposure to chromium. The aim of this work is to optimize the chromium uptake by yeasts, by enlarging the 
knowledge about the fixation mechanism, in order to use this natural process for reducing the hexavalent 
chromium pollution from effluent contaminated by this dangerous heavy metal.  The yeast growth was performed 
by kinetic evolution in liquid culture, the sucrose dosage was obtained by DNS protocol, the enzymatic dosage was 
done by Sinha colometric technique for catalase dosage, and by Nelson methodology for invertase dosage, the 
amount of chromium was determined by using atomic absorption spectrophotometry (AAS). Results demonstrate 
that chromium impact yeast growth in the cultivation medium even in low chromium concentration, a better 
resistance of Saccharomyces cerevisiae was observed, also this stain shows better performance in chromium 
bioaccumulation. The decrease of catalase in the yeast cells while exposure to chromium confirms the intra-cellular 
impact. As invertase exists in the soluble spaces of the cell membrane and in the vacuoles, its release during 
exposure to chromium suppose his complexation with chromium which enforce his passage through the 
membrane. Efficiency of chromium uptake by Saccharomyces cerevisiae attained 90% with a concentration of 
0,5g/l of chromium. The promising yield given by Saccharomyces cerevisiae can be used in a natural chromium 
decontamination process.  As perspective, this work can be used for further studies about the invertase-chromium 
complexation to profit from this capacity to extract invertase from yeast, for industrial use.  The results obtained 
through this study indicate the possibility of treating a contaminated waste effluent with chromium, by using 
Saccharomyces cerevisiae. 
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Chromium contamination problems are often exacerbated because it can be dispersed to a human being, through the food chain, 

and cause serious hazards [6]. Chromium is one such heavy metal that has recently received widespread attention because of its 

interesting proprieties used in various industrial applications [7]. It is well known that chromium exists mainly as two stable 

oxidation states, hexavalent chromium Cr(VI) and trivalent chromium Cr(III) [8]. Cr(III) compounds are less toxic, mobile and 

available for biological uptake [9], while Cr(VI) compounds are more toxic than Cr(III) compounds due to their high solubility in 

water, their rapid permeability through biological membranes and subsequent interaction with intracellular proteins and nucleic 

acids [10,11].   

Recently, the commonly used methods applied to remove excessive hexavalent chromium from aqueous solutions are: ion 

exchange, chemical precipitation, activated carbon adsorption, evaporation and membrane processes, all those methods are 

inappropriate for reaching levels of decontamination required by the regulations, they are expensive, and are in most of the cases 

associated with the generation of secondary environmental problems by creating waste disposal [12]. 

Early in the adoption of bioremediation within the commercial marketplace, it became clear that indigenous microflora could be a 

powerful tool in the clean-up of readily biodegradable contaminants [13], the limitations of such methods were also recognized, 

and many were giving attention to improving additional research to make bioremediation more viable commercially. Several 

reports were published, analyzing bioremediation research needs, and several of the recommendations of these reports can also be 

seen as potential strategies for the improvement of bioremedial microorganisms through genetic engineering or other methods. 

Many of these assessments were the need for integrated multidisciplinary approaches (e.g., microbiology, engineering, etc.) to 

understand how bioremediation works in the field and how these processes can be optimized for industrial use [14]. Also, these 

reports often called for expanded field research and better abilities to model and monitor field remediation Many microorganisms 

were recognized by their ability to heavy metals remediation, [15,16], in comparison with bacteria and fungi, yeast has proved a 

big competence and adaptation to different parameters like pH, temperature, the occurrence of nutrients and high contaminant 

concentration [17,18]. Therefore, in the present paper we studied, the response of three representative yeast strain (Saccharomyces 

cerevisiae, Candida tropicalis, and Yarrowia lipolytica), to chromium exposure with a focus on sugar consumption and on the 

changes, that occur on invertase and catalase enzymes, to understand chromium toxicity. 

. 

 

MATERIALS AND METHODS 

 

Chemicals and biomaterials: 

The yeasts used were selected within 72 stains, Saccharomyces cerevisiae 122 (SC) was collected from tannery effluent, Candida 

tropicalis EF14 (CT), and Yarrowia lipolytica 67 (YL) were isolated from olive mill wastewater, the characterization and 

identification were done by the Kreger-van Rij taxonomic key [19]. 

The yeasts were conserved in -40ºC, in a culture medium of yeast peptone glucose (YPG) with glycerol (50%). When the 

conservation exceeds 3 mounts, we use inclined agar test tube. 

The toxicity tests are done in the same medium (YPG) in petri dishes. 

Standard solution of hexavalent chromium (1000 mg/L) was prepared by dissolving the required amounts of analytical grade 

potassium dichromate (K2Cr2O7) in distilled water, different concentrations of the solution were then prepared by progressive 

dilution of the stock solution.  

 

Growth monitoring: 

The yeast growth monitoring (kinetic evolution), was performed in a 250 ml Erlenmeyer, containing 100 ml liquid culture 

medium with a chromium concentration of 0,1g/l (the adequate concentration, based on the inhibitory test below), prepared by 

dissolving the standard solution of chromium. The culture medium used is YPS (Y: yeast 1%, P: peptone 2%, and S: sucrose 2%).   

The initial pH value of the medium was adjusted to 5.5 with 1.0M NaOH and 0.1M HCl and  then inoculated with an inoculum of 

100µl (200 cells). Cultures were aerated in an adapted bioreactor with 150 rpm and 25◦C. At timed intervals, cells were harvested 

by centrifugation and analyzed. 

The monitoring of the growth is done by calculating the optical density in 620nm.  

 

Sucrose dosage: 

Sucrose was used in the medium as a carbon source, to study the sucrose consumption, we proceed to the dosage of the glucose 

obtained by inversion of sucrose by DNS protocol [20]. DNS protocol is based on titration of reducing sugars by dinitrosalicylic 

acid (DNS). 

A standard range of concentration of sucrose in the medium from 0 to 1g/l was used. The result was read by spectrophotometry in 

the 540nm wavelength. The optical density difference between sample and check sample gives the amount of reducing sugars 

liberated. One international unit of invertase corresponds to 1µmole of reducing sugars liberated in 3 minutes for 1 mg dried 

matter used. 

 

Determination of the chromium minimum inhibitory concentration: 

The minimum inhibitory concentration was performed using YPG agar medium, with different chromium concentration (0 to 

1g/l), prepared by dissolving the standard solution of chromium (K2Cr2O7). The yeast was pre-cultured in a liquid solution for 
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18h, an inoculum of 100µl (200 cells) was spread on a petri dish of YPG with chromium, as a standard we used a medium without 

chromium. 

The growth was estimated, by the colony number on the medium. 

The mortality rate was calculated by the bellowing equation: 

 

 

 

 

N0: Colony number on the medium without chromium. 

N: Colony number on the medium with chromium. 

We achieve exhaustion, by spreading, to test the consistency of the test. 

 

Enzymatic dosage:  

Catalase dosage: 

The test of catalase was performed to check the intracellular toxicity of chromium. We used the colorimetric technique of Sinha 

[21]. The dichromate is reduced by acetic acid to chromic acetate when heated in the presence of H2O2, with the formation of 

perchromic acid as an unstable intermediate, then chromic acetate produced is measured calorimetrically since dichromate has no 

absorbency in this region. The reagent was prepared with 5% of K2Cr2O7 and 1/3 volume proportion of acetic acid. The dosage 

was done by adding 100 µl of yeast extract (grinded and prepared in phosphoric buffer), and 300 µl of H2O2 (2mM) and buffer 

solution of phosphate (pH=7,4): After 5 min, we add 2ml of the reagent dichromate/acetic acid to stop the reaction, the remaining 

H2O2 is determined by measuring chromic acetate by spectrophotometry after 10mi n, in 570nm wavelength. A standard curve 

with H2O2 was used to calculate catalase activity, the activity of catalase is expressed in μmoles of the consumed H2O2/min/g 

protein, which is the specific activity (SA). 

 

Invertase dosage: 

Invertase activity was assayed by measuring the amount of reducing sugars released from sucrose, by Nelson methodology [22]. 

The assay mixture for invertase contained enzyme extract (0.1 ml) and sucrose [0.9 ml of 1.1 % (w/v)] in 100 mM sodium acetate 

buffer (pH 5.5). The mixture was incubated at 60°C for 1 h, and then reaction was stopped by adding 1ml of Nelson’s reagent, 

after cooling. The optical density at 540 nm of each sample is read in comparison with its control. One unit of invertase (U) was 

defined as that amount of sugar, which was determined about a standard curve and the specific enzymatic activity (SA) is 

expressed by μmol /min/ml. The calibration curve was drawn with fructose (10-100 mg).  

 

Chromium dosage: 

The Chromium dosage in the liquid culture medium was performed in a 250 ml Erlenmeyer, containing 100 ml liquid culture 

medium with a chromium concentration of 0,1g/l, the culture medium used is YPS.  

The initial pH value of the medium was adjusted to 5.5 with 1.0M NaOH and 0.1M HCl and then inoculated with an inoculum of 

100µl (200 cells). Cultures were aerated in an adapted bioreactor with 150 rpm and 25◦C. At timed intervals, the supernatants  

were collected and separated by centrifugation. The remaining chromium is determined using atomic absorption 

spectrophotometer (AAS) type Shimadzu 7000 AA with deuterium background corrector. All measurements were carried out in 

an air/acetylene flame. 

 

Chromium toxicity static studies on solid medium: 

This preliminary chromium toxicity study on YPG medium was performed by the monitoring of the yeast growth according to 

chromium concentration, we proceed by detecting the critical concentration (just before the Minimal Inhibitory Concentration) to 

define the physiologic background of our study. 
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Fig.1: Yeast mortality rate according to chromium concentration 

 

The curve (Fig.1) demonstrates the chromium toxicity from the smaller dose; it’s a logarithmic model which correlate with 

toxicities models [23]. The concentration 0,5g/l matches with the maximum mortality rate (total death) for the three yeasts, we 

note that Saccharomyces cerevisiae 122 is less influenced than Candida tropicalis EF14 and Yarrowia lipolytica 67. The figure 

demonstrates that the concentrations, 0.1g/l is favorable for the chromium toxicity study, there is not excessive mortality, like in 

high concentration (from 0.3g/l to 0.5g/l). SC showed a better resistance in the presence of chromium than the other stains. 

 

Study of the chromium toxicity kinetic on liquid medium: 

Study of biomass growth: 

After identification of critical toxic concentration of chromium, the choice of the 0,1g/l concentration for next studies was 

effective to minimize the cells mortality, which happens in high chromium concentration. Also, it is the middle concentration that 

can give significant information about the tested yeast. The result of the kinetic studies is presented in Fig.2. 

 

 
Fig.2: Tested stain growth kinetics evolution, with and without chromium 

 

The figure shows that the studied yeast has different kinetic inthe presence of chromium; the growth rate is more effective without 

chromium. Chromium impact directly the yeast growth. 

It showed a better resistance of SC. 

 

Substrate consumption study: 

Regarding obtained result, the rate of sugar consumption was influenced by chromium.  

The substrate (glucose) consumption gives a good indication of yeast behavior, preceding studies shown that the cytoplasmic 

glycolic enzyme and mitochondrial enzyme are very influenced by chromium [24], that gives the yeast a tendency to make efforts 

to rebuild the damaged organs (cell maintenance), by enhancing the substrate consumption, it’s the case for SC Fig.3. Other yeasts 

have less substrate consumption. 
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This is an adaptation form which allows SC to resist more in hard stress situation induced by chromium comparing with other 

yeasts. 

 

 
Fig. 3. Yeast substrate consumption kinetics with and without chromium. 

 

Toxicity studies by catalase and invertase activity evaluation: 

The study of the catalase enzyme was performed to control the tested yeast physiologic evolution. The results were resumed in 

Table 1. 

 

Table.1.  Catalase and Invertase activity expressed by specific activity (SA/ml). 

Stain / chromium SC - Cr SC + Cr  CT - Cr  CT + Cr YL - Cr  YL + Cr 

SA catalase / ml /cell 16,93 13,75 14,87 13,75 14,25 10,75 

SA invertase / ml /cell 165 230 216 235 256 280 

SC –Cr: Saccharomyces cerevisiae test without chromium.              SC +Cr: Saccharomyces cerevisiae test with chromium. 

CT Cr: Candida tropicalis test without chromium.                          CT +Cr:Candida tropicalis test with chromium. 

YL –Cr: Yarrowia lipolytica test without chromium.                          YL+Cr: Yarrowia lipolytica test with chromium. 

SA: Specific Activity 

 

Table 1. show that the specific catalase activity has a low rate in the presence of chromium, the invertase in contrary is more 

important in the presence of chromium. 

The catalase takes place in the peroxisomes localized in the mitochondria [25], normally the catalase is released during the 

metabolism of sugar in the mitochondria (release of H2O2), [26], The low rate of catalase activity in the presence of chromium can 

be explained by the intracellular invasion of chromium. 

The Invertase is localized enclosed to insoluble structures of the cell membrane and vacuoles [27], and although it cannot escape 

until these membranes are broken by mechanical or enzymatic action, or during metabolism process [28]. The increase of 

invertase activity in the presence of chromium can suppose that it was dragged by complexation with chromium during its passage 

through the cell membrane, chromium was used in many studies as a cross-linker [29], for invertase immobilization. 

 

Chromium dosage in liquid medium: 

As shown in the Fig.4 the concentration of chromium decrease gradually in the medium, due to the bioaccumulation of chromium 

by the three yeast, SC shows a better capacity of chromium fixation comparing with other yeast. 
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Fig.4. Chromium concentration evolution in the liquid medium. 

 

CONCLUSION 

The three-used yeast showed a good performance in chromium (VI) bioaccumulation, with a better rate for 

Saccharomyces cerevisiae, this stain showed a better resistance, and a better adaptation to the stress-induced by chromium, by an 

increase of cellular maintenance. The catalase and invertase activity were impacted by chromium for the three yeasts; this 

suggests that the catalase activity was impacted by chromium due to his intracellular passage. The increase of invertase after the 

contact with chromium suppose the breaking of the cell membrane by chromium during his passage, allowing the invertase 

release.  The rapid adaptation and resistance of Saccharomyces cerevisiae, allowed it to fix up to 90% of chromium, this promises 

the possibility to use this stain for a natural chromium decontamination process wish known to be more effective and cheap 

method comparing with the chemical methods. This work can be used as a draft to invent a program that prevent a mixture 

between a chromium contaminated effluent from industries activating in metal finishing, electroplating, leather tanning, stainless 

steel production, and textile, with a yeast contaminated effluent from industries using yeasts for fermentation, like the breweries 

that produce the beer, the mixture of the two effluent can promise a free auto-decontamination. As a perspective study must be 

performed to confirm the mechanism of the invertase release during yeast exposure to chromium, which can be used to extract 

Invertase for industrial use in fructose production. 
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