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This study showed that the viability of yeast cells is dependent on the number of nsPEF and field strength, which

cause lethal or sub-lethal injuries. We assume that cell viability decrease on selective media the same as on non-

selective media because nsPEF has a greater impact on the intracellular environment than on cells‘ membrane. The

study also showed that after nsPEF treatment, metacaspase activity increases and result in metacaspase-dependent

programmed cells death. Upon induction of programmed cell death pathways, processes become irreversible and

result in permeability of plasma membranes and subsequent loss in viability.

INTRODUCTION

Yeast Saccharomyces cerevisiae are often used as a model eukaryotic

organisms to investigate the cellular response to abiotic conditions.

One of prospective abiotic treatments is the pulsed electric field (PEF),

which can be used as a non-thermal preservation method that causes

lethal and sub-lethal injuries. While PEF with microsecond duration

(μsPEF) cause damage to cells membrane, PEF with nanosecond

duration (nsPEF) can cause damage to cells’ organelles and inner

membranes. It is still unclear how the cells react to these injuries. This

study aims to investigate nsPEF effects on yeast cells and evaluate

sub-lethal damage after exposure to different pulse strengths and a

number of pulses.

METHODS

Cells were grown in 5 mL of YPD (1% yeast extract, 2% peptone, 2%

glucose) and collected in the early exponential phase at 0.9 – 1.1 OD

at 600 nm, washed twice with electroporation buffer (EPB, 1 M

sorbitol, 20 mM TRIS, pH – 7,4) and suspended in 1 mL EPB. Cells

were exposured to 1, 3, 5 impulses of 90 ns, with strenghts of up to

250 kV/cm. After exposure to PEF cells were diluted and plated on a

solid YPD medium or selective medium (YPD + 2% NaCl), then

incubated in incubator at 30 °C for 48 h. Decrease in the viability was

evaluated after incubation by counting colony forming units.

Metacaspase activation was evaluated with FITC-VAD-FMK marker.

Caspase detection was performed according to the producer

protocols and YCA1+ metascaspase was evaluated using flow

cytometer.
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Fig. 1. Methods scheme.

Fig. 2. Decrease in the viability of yeast cells after exposure to 

nsPEF. Cells were plated on YPD or YPD + 2% NaCl media. 
Fig. 3. Changes in viability and YCA1+ activity after 

exposure to 5 pulses of nsPEF.

Fig. 4. Bright-field (up) and

fluorescence (down) microscopy

images of yeast cell after

exposure to five nanosecond

pulses. Yeast cells with activated

metacaspases A, when Ƭ = 10 ns,

E = 52 kV/cm; B, when Ƭ = 10 ns,

E = 196 kV/cm; C, when Ƭ = 90

ns, E = 164 kV/cm; D is

phosphatidylserine externalization

in yeast protoplasts obtained from

PEF treated yeast cells. The scale

bar represents 22 μm.

Results show that a decrease in the viability of cells is

dependent on electric field strength and the number of

pulses. We showed (see fig. 2) that after exposure to 5

pulses, the decrease in the viability is around 90 %,

but there is no significant difference between YPD and

YPD with NaCl. There are at least three ways of

explaining such results. The cells which remained

viable were not exposed to electric field treatment, and

thus their viability is not affected by selective media.

The alternative is that after exposure to such strong

electric field treatment, all cells are killed irreversibly,

and extra stress induced by selective media has no

additional effect. The third explanation is that pulses

with nanosecond duration affect intracellular

organelles, but not plasma membrane; thus, particular

media do not cause significant damage. Fourth

explanation is that concentration of NaCl in selective

media is insufficient to induce detectable damage. In

fig. 3 we can see that the viability is also dependent on

pulse parameters. These results show that yeast cell

death is dependent on the electric field pulse

parameters, which still cause membrane permeability

and subsequent metacaspase activity leading to a

decrease in CFU. In fig. 4, active metacaspases

(YCA1+) were detected. Cells with active caspase

showed bright green fluorescence and were detected

by using fluorescence microscopy.


