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Introduction
Proton leak was a detour of protons from their original path 

leading to the reduction of mitochondrial membrane potential. It 
leads to the decrease of ATP production per glucose molecule. It 
is a form of energy loss [1]. Proton leak was found to reduce the 
reactive oxygen species (ROS) level [2]; therefore, it plays a role 
in aging [3], diet [4-5] and health [6-9]. A method to monitor the 
real-time proton leak in cells would help for the understanding of 
physiological system and disease conditions. When protons were 
leaked out from mitochondria, it increased the leaking of electrons 
from electron transport chain [10]. The leaked electron would 
generate electric signal in Microbial Fuel Cells (MFC). Measuring 
the electric signal sent out during the process of proton leak would 
be a way to quantify thereal-time status of proton leak in live cells. 
Theoretically, higher the electric signal means higher is the proton 
leak. However, the accuracy of MFC measurements is influenced by 
the internal resistance of the apparatus. The internal resistance is 
contributed by the activation loss from electron transfer from cells 
to the anode, the characteristics of cellular metabolism, the flux of 
reactants and ohmic loss [11]. 

Activation loss and cellular metabolism are cell-specific, 
while flux of reactants and ohmic loss arise more from the MFC 
equipment and operating conditions, for example the resistance of 
the electrodes and membrane, the conductivity of the electrolyte 
solutions and the quality of the electrical contacts [12]. However, 
the measurement of internal resistance was very time consuming. 
Therefore, experiments were done to see if there was correlation 
between electric current with and without correction. 

Methods
MFC has two chambers, a cathode and an anode, that are 

separated by a proton exchange membrane. The cathode was filled 
with 100ml of 50mM potassium ferricyanide (III) (C6N6FeK3) to 
function as an electron acceptor, while 100ml of isolated cells (4 x  

 
107 cells/ml) were added to the anode as electron donors. Nitrogen 
gas was pumped into the anode chamber for 5 min to remove oxygen 
from the headspace of the anode. A carbon electrode was placed 
in each chamber connected with external wire that are connected 
with a digital multi-meter (Tektronix DM4020, USA) to monitor the 
open circuit voltage (EMF) across the electrodes. Current I, without 
correction for internal resistance, was calculated using equation 1 
with an external resistance (Rext) of 1000Ω.

   extEMF I R=   (1)
The internal resistance of the MFC was determined in a closed-

circuit arrangement shown in Figures 1& 2. Closed circuit voltages 
were measured in different external resistance of 3,000Ω, 2,000Ω, 
1,000Ω, 800Ω, 600Ω, 400Ω or 200Ω. Using the equation 1, the 
corresponding electric currents were calculated. A polarization 
curve, that was a plot of electric current with voltage, was generated, 
and the internal resistance Rint was determined by the slope of the 
regression [11]. Electric current with the correction of internal 
resistance was calculated as in equation 2.

( )    int extEMF I R R= +   (2) (Figure 1)

Figure 1: Electrical circuit diagram for internal resistance 
determination.
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Figure 2: Plot of electric current without corrected with 
internal resistance versus electric current with correction 
(correlation coefficient = 0.9913). 

Result and Conclusion
A good correlation was observed between electric current with 

or without correction (Figure 2). It indicated that it was possible 
to use the electric current without correction to correlate with the 
degree of proton leak in cells. When the experimental conditions 
were consistently controlled, the changes in electric signal should 
reflect to the biological changes in cells. In this experiment, 
30-minute survival was good for the hepatocytes the cells used in 
the studies, which further supports the use of MFC in monitoring 
the proton leak status of live cells. The present technique had 
advantages over other chemical testing method, because it provided 
instantaneous information on metabolic changes in tissues.
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