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Abstract: Recently, we have proved that Candida melibiosica 2491 
yeast strain possesses electrogenic properties and could be used as a 
biocatalyst in yeast-based biofuel cells. In this paper we demonstrate that 
when the yeast is cultivated under polarization conditions in a biofuel cell its 
phytase activity exceeds that obtained during cultivation in a conventional 
bioreactor. Furthermore, there is a correlation between the yeast phytase 
activity and the electrical characteristic of the biofuel cell during the different 
yeast growth phases. The obtained results reveal a possibility for application 
of C.melibiosica for simultaneous electricity generation and bioremediation 
of hardly degradable polyphosphates, especially in the regions with 
intensive stock-farming. 
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1. INTRODUCTION 

Microbial fuel cells (MFCs) are considered as a promising innovative 
technology for simultaneous electricity generation and purification of 
biodegradable wastes [1]. The technology is based on the use of 
microorganisms capable to accomplish extracellular electron transfer to the 
MFC anode, which serves as a final acceptor of the electrons generated via 
catabolic degradation of different substrates. Most of the research in the 
field has been performed with bacteria, which are known to use in the 
nature solid (metal oxides and hydroxides, e.g. Fe(III) and Mn(IV)) or 
soluble (sulfates, nitrates, etc.) electron acceptors to perform their 
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respiration processes [2, 3]. Less attention has been paid on the possibility 
for utilization of eukaryotic yeasts as biocatalysts in MFCs [4]. 

Recently, we demonstrated that biofuel cells using Candida melibiosica 
2491 yeast strain as a biocatalyst could generate electricity, which 
characteristics – current and power, depend on the nutrition medium content 
as well as on the growth phase of the culture [5]. Thus, for the first time we 
approved that Candida melibiosica 2491 yeast belongs to the so-called 
exoelectrogens. In other studies it was reported that this strain possesses 
high phytase activity and has a great potential for application in 
bioremediation of hardly degradable polyphosphates [6]. 

The aim of the present study was to evaluate the influence of the 
polarization during cultivation of Candida melibiosica 2491 in biofuel cells on 
the phytase activity of the yeast strain. For this purpose, yeast-based biofuel 
cells using C. melibiosica as a biocatalyst were operated under permanent 
as well as periodic polarization and the phytase activity was analyzed and 
compared with that of yeast cultivated as a control at normal conditions. 
 

2. EXPERIMENTAL 

Unified quantity of 0.3 g/l Candida melibiosica cells was inoculated into 
YPfru medium containing yeast extract, peptone and fructose as 
carbohydrate source. 50 ml of the obtained suspension was applied as 
anolyte in double-compartment MFCs with salt bridge. The same volume of 
0.1M K3[Fe(CN)6)] was used as a catholyte. Carbon felt (4.5 cm2; SPC-
7011, 30 g/m2, Weibgerber GmbH & Co. KG) was used as both cathodes 
and anodes. 

Two MFCs were started-up and analyzed in parallel. The first one was 
operated at open circuit conditions for the most of the experimental time. 
The second MFC was permanently polarized with 1kΩ load resistance. 
Every three hours polarization measurements variable resistances were 
carried out with both MFCs as described in [5].  

The yeast cultivation at normal conditions (without polarization) was 
carried out as a control using the same inoculum and the same device as 
for the MFCs. The yeast (in MFCs and control) was grown in a thermostat at 
28 oC with shaking speed 100 rpm. Each 3 hour 1.5 ml aliquots from the 
yeast suspensions (MFC anolyte and control) were taken for analyses of 
optical density and phytase activity. The yeast growth was analyzed by 
means of spectrophotometric determination of optical density at λ 600nm [5] 
and the phytase activity - by the method of Engelen [6]. The specific 
phytase activity is presented as enzyme activity per gram absolutely dry 
biomass.    

All experiments were performed in duplicate. 
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3. RESULTS AND DISSCUSION 

The yeast development under different experimental conditions is 
presented in Fig.1: 
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Fig.1: C.melibiosica yeast growth under different experimental conditions 

 
A well-defined exponential phase of growth up to the 21st hour of the 

yeast cultivation is observed in all cases. The obtained results firmly prove 
that the applied polarization stimulates the yeast development – the highest 
values of biomass are achieved under permanent polarization conditions, 
while the lowest biomass amounts were obtained with the controlled grown 
yeast. 

Typical polarization and power curves obtained with both studied MFCs 
are presented in Fig.2: 

As seen from the figure, the characteristic electric parameters – open 
circuit voltage (OCV), maximum power (Pmax) and short circuit current (Isc) 
obtained with the MFC operated at open circuit are higher than those 
achieved with the permanently loaded MFC. This result is quite reasonable, 
taking into consideration that polarization measurements at variable 
resistances were carried out only few minutes after the load resistance of 
the latter MFC was disconnected from the electric circuit, thus the system 
had not enough time to recover. 
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Fig.2: Polarization and power curves obtained with the studied MFCs 

  
The variation of the maximum power, extracted from the power curves, 

with time is shown in Fig.3: 
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Fig.3: Variation of maximum power generated with the studied MFCs with time 

 
The highest values of maximum power for both MFCs were achieved at 

the 15th hour of operation, which corresponds to the middle of the 
exponential phase of yeast development, when the metabolic processes are 
most intensive. 

As reported in a previous study [6], the phytase production begins at the 
end of the exponential phase and beginning of the stationary phase when C. 
melibiosica is cultivated at normal conditions. The results from this study 
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show that under polarization conditions in MFC the phytase production 
starts quite earlier – at the beginning of the exponential phase, and reaches 
maxima at the middle to the end of this phase of yeast development – Fig.4. 
Furthermore, the obtained phytase activity at cultivation in MFC under 
variable resistances exceeds that achieved at normal cultivation.  
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Fig.4: Variation of phytase activity obtained at different cultivation conditions with 

time 
 

We suppose that the expressed higher phytase activity, even at earlier 
phases of the culture development, is a response to the lower biological 
energy yield due to the conversion of part of the total energy generated via 
catabolic processes into electricity. From biochemical point of view, we 
consider that the yeast needs additional amounts of inorganic phosphates 
for the phosphorylation processes, which is supplied by the intensive 
polyphosphate (phytate) hydrolysis. 
 

4. CONCLUSIONS 

The influence of polarization on the phytase activity of the electrogenic 
Candida melibiosica 2491 yeast strain was investigated by cultivation of the 
culture in yeast-based biofuel cells. The obtained results show a correlation 
between the achieved MFC electric outputs and expressed phytase activity. 
In addition, under polarization conditions the yeast begins to produce 
phytase at earlier stage of its development and the achieved maximum of 
phytase activity is higher than that obtained under normal cultivation. 
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Besides further investigations are required, the obtained results in the 
present study reveal a possibility for application of C.melibiosica for 
simultaneous electricity generation and bioremediation of hardly degradable 
polyphosphates, especially in the regions with intensive stock-farming. 
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