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Introduction
Nowadays, the Pulsed Electric Field (PEF) is often used method to increase
the permeability of various cells and tissues, facilitate the introduction of
extracellular compounds, or cause the outflow of intracellular components.
The development of new, simple, fast, and reliable methods for investigating
electroporation effects is essential to understand the mechanism of
electroporation and study the process of cell death after exposure to PEF.

Yeast cell viability decreases with increasing electroporation strength. The viability of yeast cells was also dependent and reduced approximately 20-fold by
incubation in suspension with TRIS buffer and mediators. Amperometry using non-immobilized yeast cells showed the difference between untreated and
electroporated cells. Pulses with electric field strengths of up to 8 kV/cm practically did not harm yeast cells, thus, they could be used for further experiments with
penetration of various compounds; the decrease of menadione-generated currents could indicate the beginning of cell death after subjection to a higher electric
field.

Conclusions

In the cases of non-electroporated cells and cells affected with 4 or 8 kV/cm,
menadione-generated currents are similar suggesting that the cell
membrane was not essentially damaged by electric field or electroporation
was reversible. After exposure to 12 kV/cm, the 1.7-fold decrease of the
currents was observed, indicating possible leakage of NAD(P)H through an
injured membrane. Similar treatment resulted in lower currents mediated by
potassium ferricyanide- and double mediator system (fig. 5).

Fig. 5. Evaluation of menadione- and potassium ferricyanide-generated currents (by 
trapezoidal method).

Results
Results of amperometric measurments at constant potential are shown in 
fig. 4.

Fig. 4. Dependence of potassium ferricyanide and menadione mediated currents on the 
measurement time and pretreatment.

Yeast cell viability studies have shown that cell viability decreases with
increasing electroporation strength. Also, the viability of yeast cells is
reduced approximately 20-fold by incubation in suspension with TRIS buffer
and mediators. It was observed that incubation in suspensions with TRIS
buffer and menadione reduced the viability of yeast cells by approximately 2-
fold compared to the viability of cells incubated in TRIS and potassium
ferricyanide suspensions (fig. 6).

Fig. 6. Dependence of yeast cell viability on 4, 8, 12 kV / cm PEF exposure and incubation in 
solutions containing menadione and potassium ferricyanide

This work was aimed to evaluate the efficiency of electroporation by
amperometry using non-immobilized wild Saccharomyces cerevisiae cells.
Measurements were performed in 2 ml of 20 mM TRIS buffer containing 0.4
mg/ml of yeast cells (non-electroporated or exposed to single square-shaped
electric field pulse with a duration of 300 µs to various electric field strengths
(fig. 1)).

Fig. 2. Three-electrode cell, with suspension of TRIS buffer, yeast cells and mediators

Materials and Methods

Amperometry was carried out with a BAS-Epsilon Bioanalytical system and a
three-electrode cell arranged with a magnetic stirrer (fig. 2).

After adding two well-known mediators in bioelectrochemistry, menadione,
potassium ferricyanide or a combination of both, the oxidation currents
originating from menadione and potassium ferricyanide interaction with
yeast cells were registered.
Viability was assessed by spreading a suspension of cells on solid YPD
medium and then incubating in an INCU-Line (VWR, USA) incubator at 30°C
for 72 h. After incubation, the number of colony forming units (CFU) was
estimated (fig. 3).

Fig. 1. Preparation of yeast cells suspension

Fig. 3. Viability experiment scheme
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