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Abstract 
Bioremediation of metal pollution remains a major challenge in environmental biotechnology. In this study, 

the objective was to investigate mechanism of Cr(VI) removal from aqueous solutions using Cyberlindnera 

fabianii strain.  The changes in chromium content in the medium and in the cells during incubation with 

different chromate concentrations were investigated. Results showed that this strain has remarkable capacity 

to completely remove Cr(VI) at a concentration of  25 mg/L in 48h under aerobic conditions, however  any 

change in total content of chromium in the culture liquid was detected, which can be explained by the 

formation of Cr(III). Fractionation of the cell-free extracts shows that reduction of chromate ions takes place 

by chromate reductase activity of cell-free extracts of C. fabianii and the mechanism of Cr(VI) removal by 

this strain is “adsorption-coupled reduction”. The surface sequestration of Cr(VI) by C. fabianii was 

investigated with a scanning electron microscope equipped with an energy dispersive X-ray analysis (EDXA). 

The nature of possible cell–metal ions interactions was also evaluated by infrared spectroscopy. The results 

indicate that the binding process of chromium ions involves the active participation of functional groups 

present in the external surface of biomass, such as CH2 asymmetric stretch, amide I, amide II, amide III, and 

phosphate. Comprehension of chromium elimination mechanism by C. fabianii is important for targeting the 

process of chromium bioremediation and also minimizing treatment costs.    
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1. Introduction 
Pollution by toxic metals is a global environmental problem. Release of metals without proper treatment poses 

a serious threat to public health because of the persistence, biomagnification, and accumulation of some of 

them in the food chain [1]. A number of studies have established the effects of metals on animals, plants, and 

human health [2]. Chromium is one of the toxic metals; it is dissipated into the environment as a result of 

various industrial activities [3] such as electroplating, leather tanning, metal finishing and chromate 

preparation. Two stable oxidation states persist in the environment, i.e. Cr(III) and Cr(VI). Cr(VI) is the most 

toxic of both species which have contrasting toxicities, motilities and bioavailability while Cr(III) is an 

essential element because it regulates the glucose metabolism in the human body [4]. 

Cleaning up of chromium-contaminated sites is a challenging task because removal of Cr(VI) in aqueous 

solution is difficult [5]. Hence, proper treatment of tannery wastewater is essential before releasing it into the 

recipient environment. Many conventional techniques including chemical precipitation, membrane separation, 

ion exchange, reverse osmosis, and solvent extraction have been employed for the treatment of metal bearing 

industrial effluents [6]. However, these methods consume high amounts of energy and large quantities of 

chemical reagents. Furthermore, these are not economically viable because of high operating cost or difficulty 

in treating the solid wastes generated [7]. These constraints have caused the search for alternative, cost-

effective technologies for metal sequestering to environmentally acceptable levels. In regards of its simplicity 

and high-efficiency characteristics even for a minute amount of metals, biological methods such as 

microbiological detoxification of polluted water are looked upon as a better technology [8]. 
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Several types of biomasses have been investigated for their use in wastewater treatment for metal removal, 

such as yeast, bacteria and fungi [9]. One of the most ubiquitous biomass types available for bioremediation 

of metals at low pH is yeast. Yeast biomass is inexpensive and readily available. Furthermore, yeast cells 

retain their ability to remove a broad range of metals under a wide range of external conditions [10]. In 

particular, they are the convenient objects for such studies since some strains were found to be capable of 

growing at high concentrations of chromium and some of adsorbing or accumulating significant quantities in 

the cells and transforming them into chelated, less toxic forms [11].  

The present work elucidates the mechanisms of Cr(VI) removal by C. fabianii. Preliminary studies were 

carried out to evaluate the Cr(VI) reduction capacity of the isolate. The Cr(VI) reductase activity in a soluble 

crude cell-free extract (CFE) and adsorption capacity of the yeast was also investigated. EDXA and SEM 

analyses were carried out to determine the localization of chromium on the surface of cells and FTIR was used 

to determine the functional groups involved in the interaction with chromium.   

 

2. Materials and methods 
2.1. Micro-organisms and growth conditions 

Strain of C. fabianii used in the present work HE650139 has been isolated from chromium contaminated site 

located in Oued sebou, Fez (Morocco) [12]. Stock culture of the strain was maintained on YPG solid medium 

(2% glucose, 2% peptone, 1% yeast extract and 2% agar) and sub-cultured at monthly intervals. The liquid 

culture medium was prepared by mixing (2% glucose, 0.2% peptone and 0.2% yeast extract). The growth 

temperature for HE650139 was 30 °C. A stock solution of chromium was prepared by dissolving potassium 

dichromate (K2Cr2O7) in distilled water and diluted to get the desired concentration. 

 

2.2. Evaluation of chromium resistance and other metals tolerance 

Contaminated habitats are generally characterized by the co-existence of a large number of toxic cations and, 

therefore, it is necessary to find out if the isolate will be capable of tolerating one or more of the metals. The 

minimum inhibitory concentration (MIC) was determined by plating 100 µL of culture on YPG agar amended 

with concentrations of Cr(VI) ranging from 100 to 2000 mg/L and of other metals such as Ni, Zn, Hg, Pb, Co, 

Cu and Hg, ranging from 100 to 4000 mg/L supplemented as (NiCl2, ZnSO4, Pb(NO3)2, CoCl2, CuSO4 and 

HgCl2). The lowest concentration of metal that inhibit visible growth of the isolate was taken as the MIC. 

All metals solutions were prepared in bi-distilled water and filter-sterilized. 

 

2.3. Cr(VI) removal experiment  

To test the ability of yeast to remove Cr(VI), a sterile solution of chromate (25, 50 and 100 mg/L) was added 

to the yeast culture with cell concentration 2 g/L (an early exponential phase of the growth with the optical 

density 1,9) and incubated with aeration at 30°C under continuous shaking (150 rpm). Media without cells 

served as control. Aliquots (200 µL) were taken at regular time interval and analyzed for chromium reduction. 

Chromate-reducing activity was determined as decrease of chromate over time. 

The sum of chromium species remaining in the extra-cellular liquid, as well as the total chromium up-

taken/absorbed by the cells after their mineralization was also determined. Yeast cells cultured in the presence 

of 25 and 50 mg/L
 
of Cr(VI) for 48 hours, were harvested by centrifugation 6000 g for 20 min at 4°C. The 

supernatant (the extracellular fraction) was collected and then sterilized by filtration through a nitrocellulose 

filter of 0.45 μm, while the pellet was washed and mineralized by the hot nitric acid [13]. 

 

2.4. Cell fractionation  

To prepare various fractions of cells, the yeast culture was grown overnight in 100 mL of YPG medium and 

harvested by centrifugation 6,000 g for 20 min at 4°C. The supernatant (the extracellular fraction) was 

collected and then sterilized by filtration through a nitrocellulose filter of 0.45μm, while cells (pellet) were 

washed twice with 20 ml of 10 mmol Tris HCl buffer pH 7.2 and suspended in 5 mL of Tris-HCl 25 mmol/L 

(pH 7.2). These cells suspensions were placed in ice and lysed using an ultrasonic probe (Sonics Vibra Cell 

500, USA) for 15 min at a temperature of 0°C [14]. The efficiency of sonication was verified by microscopic 

observation and by cells plating on YPG agar plate. The sonicated material is then centrifuged at 12,000 g for 

40 min at 4°C. The membrane fraction of sonicated cells (pellet) were separated on the intracellular fraction 

(supernatant) and immersed in the same volume of Tris-HCl (pH 7.2).  
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10 mg/L of Cr (VI) was added to the three fractions thus obtained (the extracellular, the intracellular 

(cytoplasmic) and the membrane fraction) to test their ability to reduce Cr(VI), The reaction mixture was 

incubated for 12h at 30°C. After centrifugation, the residual concentration of Cr(VI) was determined by using 

the diphenylcarbazide method. All fractions that were heated at 100°C for 30 min act as controls. 

 

2.5. Scanning electron microscopy (SEM) and energy dispersive X-ray analysis (EDXA) 

To understand the mechanism of complex metal–microbes interactions, it is important to determine the 

location of the chromium relative to the yeast cells. SEM (scanning electron microscopy) is frequently used to 

visualize the surface of a biosorbent and EDXA (energy dispersive X-ray analysis) is a useful instrument to 

evaluate the compositional characteristics before and after the biosorption of heavy metals.  

Batch experiment using 50 mL of culture medium with 50 mg/L of Cr(VI) was conducted  to visualize the 

change of the cell wall of the biosorbent caused by the sorption of Cr(VI). The pH condition of the solution 

was adjusted to pH 4. The mixture was harvested by centrifugation at 6000 g for 15 min. After two washes 

with phosphate buffer, cells were fixed in glutaraldehyde (2% final concentration), filtered onto nitrocellulose 

filters (0.2 µm), dehydrated in a graded series of ethanol concentrations (60% followed by 70%, 80%, 90% 

and 100%) and dried under a CO2 atmosphere [15]. The dried filters were then examined with a Quanta 200 

FEI scanning electron microscope. Energy dispersive X-ray analysis (EDXA) was performed to detect Cr and 

its compounds that had been adsorbed onto the cell surface.  

 

2.6. FTIR analysis 

Infrared spectra for C. fabianii  cells grown in YPG broth supplemented with 50 mg/L of Cr(VI) and without 

Cr(VI) were obtained using a Fourier Transform Infrared Spectrometer (Bruker vertex 70 FT-IR 

spectrometer). Control and test cells loaded with Cr(VI) were pelleted by centrifugation at 6000 g, 4°C for 30 

min, displayed over glass and dried at 50°C for 8 h. The FTIR spectra were collected at resolution of 4 cm
−1

 in 

the transmission mode (4000–400 cm
−1

). 

 

2.7. Analytical techniques 

2.7.1. Cell concentration 

The cell concentration was estimated by dry cell measurements. Absorbance of cells from overnight grown 

was measured at 600 nm using a spectrophotometer. Sample of cells culture with known cell concentrations 

were centrifuged at 6,000 g for 10 min, and the cell pellet was washed with distilled water and dried at 100°C 

to find out the dry weight of cells. Corresponding absorbance at 600 nm was converted to dry weight of cells. 

 

2.7.2. Chromium analysis 

Chromate removal was estimated by measuring remaining Cr(VI) concentration in the supernatant during the 

assay. A colorimetric method using the diphenylcarbazide (DPC) reaction was used. The pink colored 

complex, formed from 1,5-diphenylcarbazide (0.25% prepared in acetone) and Cr(VI) in acidic solution 

(H2SO4), was spectrophotometrically analyzed at 540 nm [16]. For determination of the total chromium up-

taken/absorbed by the cells, aliquots of the washed cells were mineralized by burning in 3 mL of concentrated 

nitric acid (10 N). Samples were put in the test-tubes and heated at 120 °C for 2 hours. The solution was 

cooled, filtered, and diluted to 10 mL with distilled water. The resulting solution was analyzed for total 

chromium [13]. Total chromium concentration in the supernatant (extracellular) and in the mineralized cells 

was determined by inductively coupled plasma-atomic emission spectroscopy (ICP-AES). 

 

2.7.3. Statistical analysis 

All the experiments were carried out in triplicate. The results were subjected to statistical analyzes and 

standard error of the means (S.E.M.) were calculated [17]. 

 

3. Results and Discussion 
3.1. Metals yeast resistance  

As various metals can be present in the industrial effluents, resistance of the isolate to various metallic salts 

has been determined. Cyberlindnera fabianii was found to be resistant to chromium up to a concentration of 

1500 mg/L. The yeast strain was also checked for its resistance to various other metals, it was able to resist 

Co(II) (100 mg/L), Hg(II)
 
(100 mg/L), Cu(II) (1000 mg/L), Pb(II) (4000 mg/L), Ni(II) (200 mg/L) and Zn(II) 
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(700 mg/L). A similar level of metal resistance was shown for filamentous fungi such as Fusarium sp. and 

Penicillium sp. isolated from polluted sites [18]. The results indicate that yeast isolate from heavy metal-

contaminated sites have the ability to resist higher concentrations of metals than those from natural 

environments and indicate the microorganisms’ adaptation capacity in stress conditions of hostile 

environments. Two major strategies can be used by microorganisms to protect themselves against heavy metal 

ion toxicity [11]. The first, avoidance, restricts metal ion entry into the cell, either by a reduced uptake/active 

efflux or by the formation of complexes outside the cells. The second, sequestration, reduces the levels of free 

ions in the cytosol, either by the synthesis of ligands to achieve intracellular chelation/reduction or by 

compartmentalization into vacuoles. Anyway, Cr(VI) contaminated environment may be a good original place 

for screening out micro-organisms with the Cr(VI) resistant and  Cr(VI) reducing ability [8]. 

 

3.2. Chromium reduction studies in liquid medium 

The ability of C. fabianii to remove Cr(VI) in liquid medium was examined. Chromate removal was 

monitored at different initial chromium concentrations ranging from 25 to 100 mg/L in aerobic conditions at 

30°C. Figure 1 shows that 25 mg/L were reduced to zero in 48 h, while for 50 mg/L and 100 mg/L, about 50% 

were reduced in 72h. 
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Figure 1. Effect of initial Cr(VI) concentration (25-100 mg/L) on Cr(VI) removal 

  

It can be observed that the time required for complete removal of Cr(VI) increased with the initial Cr(VI) 

concentrations. Similar results have been reported by several authors [19,20]. These results can be explicated 

by the mutagenic and toxicity of chromium for culture metabolism [21]. 

The calculation of the sum of the total chromium in the cultural liquid and in the mineralized cells close to the 

initial level of Cr(VI) (Table 1), which suppose the adsorption of the highly toxic and soluble hexavalent 

chromium and its transformation to the less toxic and less mobile trivalent form by this yeast. The chromium 

accumulated by C. fabianii cells was 2.6 mg/L (10%) and 5 mg/L
 
(10%) in the presence of 25 mg/L and 50 

mg/L of Cr(VI), respectively. Cr(III) concentration in the final solution may be calculated as the difference 

between the total chromium, soluble Cr(VI) and Cr concentration uptaken by the cells  ([Cr]initial = 

[Cr(VI)]soluble + [Cr(III)]soluble +[Cr]up-taken/absorbed by the cells). 

The capacity of Cr(VI) reduction by C. fabianii in our experiments was much greater than those found with C. 

maltosa who reduced only 35% of 50 µg/Lof Cr(VI) after 70 h of incubation [22]. However, it is important to 

take into account that the microbial chromate-reduction parameters are correlated with the medium 

composition and the cell density [4]. 

 

Table 1: Chromium content in the medium and in C. fabianii  cells after incubation of the cells for 48 hours in 

YPG medium supplemented with 25 and 50 mg/L Cr(VI) 

 25 mg L
-1

 50 mg L
-1

 

Initial Cr(VI)  in the medium 24.85 ± 0.21 49.94 ± 0.32 

Total chromium in the medium 22.20 ± 0.16 44.60 ± 0.52 

Total chromium content in the cells 02.60 ± 0.04 05.00 ± 0.07 

Cr(VI) remaining in the medium 00.10 ± 0.01  20.90 ± 0.23 
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3.2. Biosorption potential of the cell wall and cytoplasm for removal of Cr(VI)  

To our knowledge, it’s the first report of the mechanism of Cr(VI) removal by C. fabianii strain. Thus with the 

objective of clarifying the mechanism of chromium removal by this strain, experiments to localize such 

activity in the yeast cells were carried out. Cell extracts were separated into extracellular, intracellular and 

membrane fractions and Cr(VI) reduction activity was assayed in vitro. Table 2 shows the activity at 30°C 

under aerobic conditions. 

 

Table 2: Chromium content in the medium after incubation of heated and natural cellular fractions for 12 

hours in medium supplemented with 10 mg/L Cr(VI) 

 Concentration of Cr(VI) remaining in the medium (mg L
-1

) 

Fraction heated at 100 °C Natural fraction 

 Extracellular fraction 9.83 ± 0.21 9.86 ± 0.32 

 Intracellular fraction  9.78 ± 0.36 5.18 ± 0.19 

 Membrane fraction 4.11 ± 0.52 4.10 ± 0.36 

 

Results indicate that the intracellular fraction could reduce about 48% of 10 mg of Cr(VI) in 4 hours, while 

membrane fractions could reduce 60% of 10 mg of Cr(VI) in the same time. No significant reduction was 

observed with the extracellular fraction. Intracellular fraction heated at 100°C for 30 min did not cause a 

decrease in Cr(VI), indicating that the reducing activity was heat labile, while for membrane fraction heated, a 

reduction of 60% of chromium was detected. These results may indicate that the mechanism of Cr(VI) 

removal by C. fabianii is “adsorption-coupled reduction”, suggesting that  after initial surface binding, 

chromate ions entered into the cytosol, and the  intracellular fraction of this yeast remove chromium mainly 

through its reduction into less toxic Cr(III) compound via enzymatic interaction. Since the chromate reductase 

existing in the intracellular fraction lost its activity after being heated. Similar result was reported using 

Thermoanaerobacter [14]. 

 

3.4. SEM and EDXA analysis  

To determine the interactions between biosorption and morphological characteristics of C. fabianii, and to 

investigate the toxicity of Cr(VI), the cells were visualized by SEM. SEM micrographs for C. fabianii grown 

with and without Cr(VI) on YPG medium are presented in Figure 2(a,b). 

There is a slight difference in the morphology of the two cultures. The cells grown with Cr(VI) were rounder, 

however, upon cultivation in 50 mg/L of Cr(VI) for 24 hours, the cells lost their shape and became irregular. 

This indicates that Cr(VI) has toxic effects on the cells. Acinetobacter sp. was also reported to undergo 

morphological changes upon contact with Cr(VI) such as the appearance of distinct ridges in the cell wall 

region [23]. Irregular surface with appearance of wrinkles were also observed for A. haemolyticus exposed to 

30mg/L of Cr(VI) [24]. 

Figure 2(c,d) shows a representative energy dispersive X-ray analysis (EDXA) spectrum of metal loaded 

biomass. The spectra recorded in spot profile mode, indicate the presence of N, C, O , Na, K, P and Cl (Figure 

2c). We can suggest that these signals are due to Xray emissions from the polysaccharides and proteins 

present on the cell wall of the biomass [25]. In addition, elemental analysis as provided by EDXA showed 

specific peaks for chromium on surfaces of cells grown with Cr(VI) (Figure 2d) as opposed to those without 

Cr(VI) (Figure 2c), indicating the binding of metal ions on the biomass. Simultaneously, Figure 3b showed 

that the peaks of K and O were disappeared, while the peaks of N, Na and Cl were reduced, which suggested 

that an ion exchange mechanism might be involved [26,27]. Similar results were observed by other authors 

[25-27].   

 

3.5. FTIR analysis  

Biomass cell walls are made of large molecules (peptidoglycan) linked with teichoic acid and polysaccharides 

which can participate in chromium ions biosorption [28]. In order to determine the functional groups involved 

in the metal binding, FTIR analysis was carried out. In order to determine the functional groups involved in 

the metal binding, FTIR analysis was carried out. Figure 3 represent the FTIR spectra of control biomass and 

chromium treated biomass.  
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Figure 2. Scanning electron microscopy and representative energy dispersive X-ray spectrum of C. fabianii 

cells grown without (a, c) and with Cr(VI) (b, d) in aqueous solution. The pH of the medium was 4 and the 

contact time was 24 h. 

 

 

 
Figure  3.  FTIR spectra of C. fabianii cells grown without Cr(VI) (a) and with 50 mg/L of chromium (b) 

 

The FTIR spectra of the control cells showed a number of peaks reflecting a complex nature of the yeast cell 

surfaces. There was a change in the intensity of the bands at different regions such as 1650–900 and 3500–

2800 cm
-1

, after interaction with Cr (VI). , these changes indicate that the metal binding process on the surface 

of the cells involves certain functional groups [27]. It is apparent that there were changes in the absorption 
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peak frequencies between 3250 and 3450 cm
-1

 which are attributed to –OH of glucose and –NH stretching of 

the protein and acetamido group [29, 30]. There was also a slight change in the intensity of the bands at peak 

2950 cm
-1

. This peak could be assigned to the CH2 asymmetric stretch [31, 32]. Changes were also detected in 

the absorption peak shifted at 1642, 1550 and 1400  cm
-1

 corresponding to amide I (protein C–O stretching), 

amide II (protein N–H bend, C–N stretch) and amide III (protein C–N stretch) respectively [33, 34]. The 

presence of CH2 asymmetric stretching band is mainly due to the lipids, while the existence of amide I, amide 

II and amide III largely owes to proteins. Another characteristics peak at 1,100–1,030 and 1,050– 910 cm-1 

relate to phosphate functional groups such as orthophosphate (PO4
3-

), and P–OH respectively [35]. However, 

the peaks occur around the same position as C–N stretching and C–O of polysaccharides which is between 

1,350–1,000 cm
-1

 [36] and 1065–1110 cm
-1

 [37] respectively. These peaks confirmed the presence of bonded 

hydroxyl group, CH2 asymmetric stretch, amide and phosphate functional groups in the external surface of the 

adsorbent. Similar observations were made with C. miniata and A. haemolyticus [35, 38]. 

 

3. Conclusion 
Kinetics study reveals that C. fabianii isolated from chromium contaminated site can effectively remove 

Cr(VI) with concentrations ranging between 25 and 100 mg/L. The removal of chromium by this strain is due 

to adsorption of Cr(VI) and its reduction into less toxic Cr(III) compound. Scanning electron microscopy 

equipped with energy dispersive X-ray analysis reveal that the chromium localizes in the cell wall. FTIR 

study indicates that hydroxyl group, CH2 asymmetric stretch, amide I, amide II, amide III and phosphate were 

the functional groups for binding Cr(VI) by this strain.  Cyberlindnera fabianii offers excellent potential for 

Cr(IV) removal from contaminated sites and thus, the comprehension of chromium elimination mechanism by 

C. fabianii is important for targeting the process of chromium bioremediation and also minimizing treatment 

costs.   
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