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Abstract: Cell membrane electropermeabilization

ls

concentration does not affect nonperrneabilized cells. On

usually evaluated by exposing the cells to electric pulses in
presence of propidium iodide, a fluorescent dye activated
by binding to cellular DNA. The fraction of permeabilized
cells is then determined using aflow cytometer. This widely
established method has several drawbacks: (i) an arbitrary
choice of minimum fluorescence intensity for characterization of permeabilized cells; (ii) the inability to detect cells
disintegrated due to intense electropermeabilization; and
(iii) false detection of cellular ghosts devoid offluorescence
due to leakage of DNA caused by electropermeabilization.
In this paper, we present a simple and inexpensive method
that eliminates these drawbqcl{s. The method is based on
the use of a cytotoxic agent that cannot permeate through
an intact plasma membrane, and thus leads to selective

the other hand, bleomycin easily enters into the
electropermeabilized cells, and 5 nM extracellular
concentration is sufficient for lethal toxicity in this case.
The amount of cells surviving the exposure relative to the
control is then determined by a suitable viability test, giving
a reliable value of the fraction of nonpermeabilized cells.

METHODS

statistically significant ffict on cell survival in absence of
electric pulses, while this concentration is sfficient for
lethal toxicity in electropermeabilized cells. The amount of
cells surviving the exposure relative to the control gives a
reliable value of thefraction of nonpermeabilized cells.

DC3F cells, a line of spontaneously transformej Chinefibroblasts [3], were suspended at2xl0' cells/ml
in Spinner minimum essential medium (SMEM, Life Technologies, USA) containing 5 nM bleomycin (Laboratoires
Roger Bellon, France). Rectangular electric pulses were
delivered using a GHT1287 electroporator (Jouan, France)
to two parallel stainless steel electrodes 2 mm apart, between which a 50 pl drop of cell suspension was placed.
The pulse amplitude, expressed as voltage-to-distance ratio,
was increased from 0 V/cm up to 2000 V/cm in steps of
200 V/cm. After the exposure, cells were incubated for
l0 min at room temperature and then resuspended in
SMEM. After additional 30 min, cells were diluted in the
Eagle minimum essential medium (EMEM) supplemented

INTRODUCTION

with 10% fetal bovine serum (both from Life Sciences,
USA) to 100 cells/ml. 4 ml of suspension were transferred

death of the electropermeabilized cells. The amount of
nonpermeabilized cells is then determined by a suitable
viability test. Bleomycin at 5 nM concentration causes no

For evaluation of cell membrane electropermeabilization, cells are usually exposed to electric pulses in presence
of propidium iodide, a fluorescent dye activated by binding
to cellular DNA. The fraction of permeabilized cells is then
determined using a flow cytometer []. This widely established method has several drawbacks: (i) an arbitrary choice

of minimum fluorescence intensity for characterization of
permeabilized cells; (ii) the inability to detect cells disintegrated due to intense electropermeabilization; and (iii) false
detection of cellular ghosts devoid of fluorescence due to
leakage of DNA caused by electropermeabilization.
We have developed a simple and inexpensive method in
devoid of the drawbacks described above. The method is
based on the use of bleomycin, a cytotoxic agent that cannot permeate through an intact plasma membrane l2l, and
thus leads to selective death of the electropermeabilized
cells. To evaluate the efficiency of electropermeabilization,
cells are suspended in the usual medium, to which

bleomycin

is

added

in a

quantity leading to 5 nM
to electric pulses in the

concentration, and exposed

at this extracellular
concentration causes no statistically significant effect on
cell survival in absence of electric pulses, implying that this
customary manner. Bleomycin

se hamster

into each 60 mm petri dish, where the cells were grown for
5 days. Cells were then fixed by 100% ethanol (Carlo Erba,

Italy) and stained with l%o crystal violet (Sigma, USA).
Clone colonies were counted and normalized to the control
(no pulses) to get the percentage of cells surviving the
exposure to electric pulses in suspension with 5 nM
bleomycin. By subtracting this percentage from 100%, the
percentage of permeabilized cells was obtained.

RESULTS AND DISCUSSION

Fig. I shows the percentage of electropermeabilized
cells as a function of pulse amplitude as determined by the
bleomycin and by the propidium iodide method. Results are
shown for four pulse protocols: one 100 ps pulse, eight 100
ps pulses delivered at I s intervals, one 1000 ps pulse, and
eight 1000 ps pulses at 1 s intervals. For both methods,
sigmoids were regressed to experimental data to define the
pulse amplitudes leading to 50Yo permeabilization (Psoz).
Cell death in absence of bleomycin only became detectable
above 1600 V/cm at 1x100ps pulse, above 1200 V/cm at
8xl00ps and 1xl000ps pulses, and above 600 V/cm at
8x1000ps pulses. With the exception of the last, these pulse
amplitudes are far above the respective P56y" values.
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l: Electropermeabilization as a function of pulse amplitude determined by the
bleomycin (BLM) method (O) and by the propidium iodide (PI) method (o).

Figure

As Fig. I shows, the propidium iodide method always
gives an above-0o/o value of electropermeabilization in the

absence of electric pulses due to the penetration of
propidium iodide into dead cells, which are always present
due to the stress suffered in the handling, and because of
their fluorescence they are incorrectly classified as
electropermeabilized. In addition, the propidium iodide
method also gives a below-100% maximum value due to
the cellular ghosts which are devoid of DNA and thus of
fluorescence, which are incorrectly classified as nonpermeabilized. In contrast, the bleomycin method always gives
a curve spanning from IYo (in the absence of electric
pulses) to 100% (at sufficiently high voltages). An
additional advantage of the bleomycin method is that it
needs no arbitrarily chosen limit for classification of cells
as permeabilized or nonpermeabilized.

Finally, another advantage of the bleomycin method is
that it is inexpensive: no sophisticated equipment is needed,
and at 5 nM concentration, a single package of bleomycin,
if properly repacked and stored (e.g. frozen), can last for
years of experiments.

CONCLUSIONS

As elaborated above, the bleomycin method eliminates
the major drawbacks of the propidium iodide method: it
enables a more precise evaluation of the fraction of

electropermeabilized cells, and at much lower costs than the

propidium iodide method. While the bleomycin method
thus has the potential to become the preferred choice for
most applications, the propidium iodide method still has its
merits. Firstly, based on the fluorescence intensity, the

propidium iodide method gives an insight into the
distribution of the uptake per cell among the population.
And secondly, when the results have to be obtained very
rapidly, the propidium iodide method only takes hours,
while the cloning efficiency determination in the bleomycin
method requires four to six days, depending on the specific
protocol of cloning efficiency determination.
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