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Molecular transport of small molecules after electropermeabilization has been studied for
decades by monitoring intracellular fluorescence from normally impermeant dyes [1-4]. In
contrast to schemes for larger molecules like DNA, the widely accepted mechanism for the
transport of small molecules is diffusion through electropores [5] that are structurally
similar to those observed in molecular dynamics simulations [6]. This simple picture cannot
explain significant features of electropermeabilization, like long permeabilization lifetimes
in cells [2,4] and varying estimates of pore sizes [7-8].

Quantitative analysis of transport of anionic (calcein) and cationic (YO-PRO-1, propidium)
fluorescent dyes of comparable molecular size after exposure to single and multiple 6 ns,
20 MV/m pulses suggests a significant role for the transmembrane voltage in the migration
of charged small molecules across permeabilized cell membranes. To investigate this
possibility we studied anionic and cationic small molecule transport kinetics after
electropermeabilization, and we used the new fluorescent membrane potential indicator
FluoVolt™ to monitor transmembrane voltage in cells after similar permeabilizing pulse
exposures. Preliminary results are consistent with the hypothesis that membrane potential
is an important driver of small molecule transport in permeabilized cells.

RPMI-1640 culture medium containing 10% foetal calf seru
100 pg/ml streptomycin at 37°C and 5% CO,.
Fluorescence Calibration

concentrations to the homogenate.
microscope immediately after gentle stirring [9].

Molecular Transport Experiments

Cells were washed and suspended at approximately
5 x 10° cells/mL in fresh medium containing for influx
experiments either 2 pM YO-PRO-1, 30 uM propidium or
200 pM calcein. For calcein efflux measurements cells were
loaded with 0.5 uM calcein-AM for 30 minutes at 37 °C
before washing and re-suspension in fresh medium.

chambers [Nunc™ Lab-Tek™ II] through parallel tungsten
laboratory room temperature on the stage of a Leica TCS SP8

Materials and Methods
Cell lines and culture conditions: U-937 (human histiocytic lymphoma monocyte; ATCC CRL-1593.2) in

m (Gibco, Invitrogen), 100 U/ml penicillin and

A cell homogenate was prepared from dense U-937 cell suspensions (8 x 107 cells/mL) sonicated for two
minutes with 0.1 % Triton-X100 (Misonix sonicator 4000). YO-PRO-1 or propidium were added in varying
Imaging was done with a Leica TCS SP8 confocal fluorescence

Confocal microscope

Nona>> Nypy

Known
Lyt

nd D

537 cels
6 ns, 20 MV/m pulses (FID pulse generator FPG 10-10NK) were delivered to cells in suspension in cover glass

wire electrodes [10]. Cells were observed at
laser scanning confocal microscope
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Very small changes in solute or pore size can modlfy the amount of observed as a jump in fluorescence. medium. The long term behavior of FluoVolt fluorescence is
diffusive flux by several orders of magnitude. different in the absence of calcium.

The fluorescence recovers in ~25 seconds.




