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Introduction

Electric pulse methods become increasingly important for cell biology
and biotechnology. Especially, the techniques of electroporation and
electrofusion are of particular interest for cell transformation.
Electrotransfection or electrotransformation, i.e. the direct transfer
of DNA (or mRNA) into cells by electric impulses, appears to develop as
the method of choice for the artificial gene transfer into chemically
untreated cells, too.

Electric field pulse-mediated uptake of DNA into cells followed by the
expression of the introduced gene was first demonstrated in 1982 (1,2).
The operative term ’electroporation’ (electric pore formation) was
introduced in order to specify the transient electropermeabilization of
cell membranes as the physical basis of electrotransformation and of
electrofusion. Applications of the electropermeabilization techniques
include bacteria and yeast as well as plant and mammalian cells.

Membrane Electropermeabilization

Both electroporative gene transfer and electrofusion apparently are
based on the same fundamental event: the reversible, non-destructive
electropermeabilization of cell membranes by short-duration high
electric field pulses, discovered in 1972 (3,4). It was demonstrated
that, above a threshold field strength, a controlled release of
internal material from suspended membraneous vesicles (concomitant with
uptake of solvent molecules) occurs in response to a field pulse in the
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microsecond range; there was no irreversible membrane damage (no
dielectric breakdown). Apparently reversible changes in the membrane
structure, of long-lived nature compared to the much shorter pulse
duration, had been indicated by electro-optic techniques (5).

In contrast to reversible electroporation, irreversible and lethal
effects on microorganisms caused by a whole series of similar electric
field pulses had already been reported in 1967 (6,7): It was found that
there 1is an inverse relationship between cell size and a critical
external electric field strength t., necessary for, e.g., lysis of
bacterial protoplasts (8). These results indicated that the cell
membranes are the field-sensitive targets and, furtheron, that a
critical transmembrane voltage V. (of about 1 Volt, independent of cell
size) is built up by the external field pulses. Sale and Hamilton (8)
suggested that the irreversible loss of the semipermeable membrane
properties and ultimate 1lysis and cell death might be caused by
conformational changes in the membrane structure.

In summary, short electric field pulses may either cause reversible
or irreversible effects on membrane systems, depending on parameters
such as the strength, duration, shape, and the number of the pulses.
These early results remain fundamental also for the application of
electric field pulses in the method of electroporative gene transfer.
In the following we will focus on practical, experimental features
important for electroporative gene transfer.

Electroporative Gene Transfer

Pulse Characteristics. High electric field pulses are conveniently
applied to biological cells or other membrane particles by discharge of
electric energy (current flow) through the suspension enclosed in a
discharge chamber; this is readily achieved by the capacitor discharge
(CD)  technique adapted from fast relaxation kinetics (9). This
technique was originally applied in the experiments on reversible
electropermeabilization (3,4). Obviously, because of its ease and
fairly low-costs, the (D technique has been preferred in most of the
recent papers on electroporative gene transfer.
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With respect to the time characteristics (shape) mainly two different
types of electric field pulses are used for membrane
electropermeabilization: either exponentially decaying pulses obtained
by capacitor discharge, or rectangular (square) pulses delivered by,
e.9., a cable discharge (10-12) or by special high voltage pulse
equipment (6,13). Because of maximum voltage and power requirements in
the discharge circuit the technical realization of the equipment for
given pulse shapes may vary considerably. These requirements are mainly
defined by the geometry (electrode distance and surface, volume) of the
discharge chamber, by the size and nature of the cells to be
electroporated as well as by the electric conductance of the
suspension.

The discharge of a storage capacitor of capacity C, charged to the
desired initial voltage Vo by a power supply, ensures a defined high
electric field pulse. If the inductance of the discharge circuit is
negligibly small, the time characteristics of the field pulse within
the discharge chamber of electrode distance d is given by (9,3):

E(t) = €, exp(-t/7), (1)
with Eo = Vo/d and 7 =R.C.

The initial electric field strength E, as well as the time constant of
the electrical discharge 7 (i.e. the time of the field to decrease to
E,/e) are given to characterize the applied electric field pulse. The
resistance R of the discharge chamber filled with the cell suspension
together with the chosen condensor capacity C determines the pulse
duration (7).

Power supplies for electrophoresis, directly connected to a discharge
chamber as described by Potter et al. (14), generally are not well-
suited for delivering defined exponential pulses. Strong discrepancies
to the voltage knob settings usually occur (15) and direct measuring of
the pulse characteristics (by oscilloscope) is necessary.

A broad variety of discharge chambers differing in geometry, volume,
electrode material and other characteristics has been designed and used
in  practice for the application of nearly uniform (homogeneous)
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electric field pulses to cell suspensions. Closed and open chambers,
mostly of cubic or cylindrical shape with the filling volume between
parallel rectangular or disc electrodes, have been described
(3,6,13,16,17). The handling of fixed or variable volume is possible
from several ml down to a few pul. Concentric electrode arrangements
providing a moderate inhomogeneous field distribution have also been
chosen; commercially a special ’pipetting’ discharge chamber based on
this geometry has been designed. There are means for temperature
control as well as for sterile and easy handling. Even a combination of
controlied centrifugation with in situ electrical pulsing was reported.
Among  the most easy and popular designs are disposable plastic
spectrophotometer cuvettes (’cuvette chamber’, semimicro, 1 cm
pathlength, 0.4 to 0.5 cm electrode distance, up to 1 ml filling
volume) with platinum or stainless steel paddle electrodes inserted
(18) or aluminium foil electrodes directly glued to the cuvette walls
(14). Most of the mentioned discharge chamber designs are meanwhile
available as commercial equipments. In fact, commercial instruments for
electroporation already emerged in 1984 (by W.Rauhaus, Fa. Dialog,
Disseldorf), and the number of manufacturers and models is still
growing. For “historical’ reasons the first version of the original
*ELEKTROPORATOR ® # is reproduced in Fig. 1.

Early data. After the finding of electric hemolysis of red blood cells
(16) Auer et al. (19) demonstrated the uptake of genetic material into
human red blood cells permeabilized by an electric field pulse.
Applying the capacitor discharge technique (E; = 11 kV/cm; 7 = 100 ps)
Auer et al. succeeded in trapping 3H-1abe1ed SV 40 DNA in the cells.
Electric hemolysis as the first consequence of the pulsing was followed
by a defined resealing procedure (90 min incubation at 37 °C) in the
presence of the ODNA or RNA. Up to 35 % of the totally added linearized
SV 40 DNA was finally detected within the cells. The entrapped DNA was
DNAse resistant due to the package. The authors noticed that DNA
trapping was much more effective with the linearized than with the
supercoiled form of SV 40 DNA.

In 1982 electroporative gene transfer with subsequent actual gene
expression was first reported (1,2). Plasmid DNA carrying the
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Fig. 1 The first commercial electroporation apparatus: Elektroporator®
of the Fa. Dialog, Diisseldorf, developed by W. Rauhaus.

thymidine kinase (tk) gene was introduced into tk deficient mammalian
culture cells {mutant L tk~ mouse cells) by the applicatiocn of short
electric field pulses. Stable transformants surviving in the HAT
selection medium proved the direct gene transfer and expression.
Several main features of the procedure, already worked out in the early
paper (2), became standard in current applications: (i) the highly
conductive electroporation medium (HBS: HEPES buffered saline, with 140
mM NaCl); (ii) the fairly easy capacitor discharge (CD) technique for
pulse application; (iii) the use of a few successive electric field
pulses (e.g., three pulses at time intervals of several seconds); (iv)
the necessity of a post-incubation of the cell-DNA mixture for about 10
min after pulsing, suggesting that the actual gene transfer is an
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after-field effect; (v) the existence of a fairly sharp optimum in

electric field strength, above a threshold value, for a given pulse
duration 1in the microsecond range (e.g., E, = (8 £ 0.5) kV/em for 7 = 5
ps); (vi) the limitation of transfer efficiency at higher field
strengths by lethal effects; (vii) the increase of the number of
transfected colonies with an increase in cell density and plasmid DNA
concentration; (viii) the Tlinearization of the plasmid resulting in
significantly higher transformation yield compared to the circular
form.

In fact, the first direct gene transfer into plant protoplasts by
electroporation was achieved in 1983 in our Tlaboratory (by Shillito,
Bierth and Neumann) along the lines of experience with animal cells.
Lateron, a combination of electroporation with PEG (polyethylene
glycol) treatment greatly enhanced the transformation efficiency (20).
A similar combination of PEG treatment and electric field pulse
application resulted in the transformation of bacterial protoplasts
(21) and even of intact yeast cells (22).

The rapidly growing number of reports on electroporative gene transfer
in the subsequent years, especially since 1985, demonstrates the
general applicability of this technique not only for mammalian, but
also for plant, bacterial and yeast cells. The experimental parameters
of the procedure have been investigated in more detail, including (i)
the temperature (pulsing and post-incubation at 0°C recommended); (ii)
the pulse shape (exponential vs. rectangular); (iii) the pulse duration
(us vs. ms vrange); (iv) the addition of divalent ions to the
electroporation medium (Ca’*, Mg?*).

Experimental Parameters

Microsecond pulses. The reversibility of membrane
electropermeabilization has been linked to a sufficiently short
duration of the external electric field pulses applied. Using the
experience accumulated until 1981, the first electroporative gene
transfer experiments were performed with electric field pulse durations
in the ps-range in order to avoid irreversible destructive effects on
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the cell membranes. 1In fact, pulse times between 5 and 200 pus for
exponential and square pulses have been chosen in a number of
systematic studies on ‘electrotransfection’ and ’'electrotransformation’
(2,18,20,21,23-30). In some of the studies on electroporative gene
transfer into plant protoplasts, equipment originally developed for
cell electrofusion (square pulse generators and chambers) has been
applied (28-30). The pulse times were also adapted from typical
electrofusion conditions (1 to 100 pus), as well as the fairly high
repetition rate in multipulse application. Because of power and field
strength limitations, however, such equipment including
dielectrophoresis set-up is not advised for systematic studies on
electroporative gene transfer.

In the square pulse experiments with pulse times of 10 to 100 ps it is
necessary to set a sufficiently low conductance of the electroporation
medium. This limitation was circumvented by Hama-Inaba et al. (27)
using a “semi-rectangular’ pulse shape generated by a time-controlled
cut-off of a fairly slow capacitor discharge. In this manner pulse
times of wup to 50 ps can be realized even in high-conductance
phosphate-buffered saline (PBS) medium.

A systematic comparison of exponential vs. rectangular pulse shapes
with respect to electrotransfection efficiency is still lacking. In a
paper dealing with this question (24) no clearcut conclusion could be
drawn because, for technical reasons, different electroporation media
for both types of experiments had to be used. Nevertheless, in these
experiments with tk™ chinese hamster ovary (CHO) cells, exponential
pulses resulted in a higher yield and revealed more specifically the
threshold of the electric field strength that is typical for the
electropermeabilization phenomenon.

Millisecond pulses. The alternative pulse duration range used in
practice 1is between 5 and 20 ms, initially obtained by chance (14); by
directly discharging a standard electrophoresis power supply through a
cuvette chamber using PBS as electroporation medium. Fromm et al. (15)
showed that in this case, instead of the quoted 2000 V voltage setting,
only some 120 to 150 Volts really are delivered to the cell suspension
because of load mismatch within the discharge circuit. This creates an
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initial electric field strength of about 300 V/cm and yields a nearly
exponential pulse with T = 15 to 20 ms {32). Nevertheless,
electrotransfection was successful and because of the widespread
availability of the equipment the experimental procedure described by
Potter et al. (14) was subsequently applied by many groups to a large
variety of mammalian cell 1lines. Of course, no optimization with
respect to electric field strength and pulse duration can be expected
with only one ‘standard’ parameter setting. Recently, Chu et al. (33)
reported on systematic reinvestigations of the electrotransfection of a
variety of mammalian cell lines (ms-pulses by CD) and optimization with
respect to various electroporation parameters.

Optimum electroporation conditions for transient expression and stable
transformation of plant protoplasts were worked out by Fromm et al.
(15,34) for ms-pulses delivered by CD. Fairly long electric field
pulses were also applied to introduce TMV and CMV RNA and even whole
TMV  and CMV particles into tobacco protoplasts (35). The transformation
of intact yeast cells with plasmid DNA was reported by Hashimoto et al.
(22), who applied one or several ms-pulses in combination with PEG
treatment and long incubation times. Thus, millisecond pulse durations
have turned out to be also useful in electroporative gene transfer.
These conditions became popular especially due to the reduced electric
field strength necessary in combination with these Tonger pulse times.
Charging voltages of only 200 to 400 V turn out to be sufficient
(standard 0.4 cm electrode distance in cuvette chambers, pulse times
between 2 and 20 ms) as reported for mammalian cells (32,33) and for
plant protoplasts (15,34,35).

A systematic comparison of pus- vs. ms-pulses with respect to
transfection efficiency using the same transfection system has been
tried by Shigekawa (32). CHO cells where transfected with the pSVneo
vector; pulses of 500 gs and pulses of 2 to 10 ms were compared. As
already mentioned in the comparison between exponential and square
pulse shapes, because of technical limitations no clearcut result was
obtained. For the ms-pulses a fairly narrow peak was observed in the
voltage dependence of transfection efficiency (1 kV/cm, at about 60 to
80 % cell survival). At higher fields the survival rate very quickly
decreased, thus limiting the useful range of field strength. In
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contrast, a much broader dependence is seen for the shorter pulses (500
ps), but in this case the maximum transfection efficiency unfortunately
could not be reached because of voltage limitation of the equipment.

flectric Field Strength. One of the fundamental characteristics of

membrane electropermeabilization by short electric field pulses in the
#s-range is the existence of a threshold electric field strength for
the onset of reversible permeability changes (3). A corresponding
critical transmembrane voltage of V. = 0.5 to 1V has been established
in many cases. For practical purposes, the necessary critical external
electric field strength E. can be estimated (4,8):

4V,
Ee = — (2)
3D
13.3 to 6.7
B/ kWem! & — (3)
D/ um

where D is the diameter of the suspended spherical cells. Such
estimates are, however, only crude approximations. A variety of
parameters such as, for instance, the cell membrane composition and the
physiological state of the cells, will affect the value of E.. Of
course, the inverse relationship between Ec and the dimensions of the
cells 1is fundamental: electroporation of small bacteria requires much
higher field strengths than that of big plant protoplasts (at the same
pulse duration).

In  this connection the relationship between pulse duration and critical
electric field strength is practically important, but there is no
quantitative general expression for the functional dependence between
these parameters. Therefore, it became common practice to study the
survival of cells after treatment with electric pulses of increasing
field strength, as proposed in the original electric gene transfer
experiments (1,2). The resulting ‘survival curves’ for given conditions
(pulse duration and shape, medium, temperature) are the basis for
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selecting electroporation conditions for the actual gene transfer
experiments. A typical example of a survival curve and of the field
strength dependence of electrotransformation is shown in Fig.2. It has
to be noted that there are noticeable differences between short-term
survival (judged, e.g., within 2 h after pulsing by dye exclusion test)
and Tong-term growth ability of electrically treated cells (26,27).
Long-term stability is needed for successful electrotransfection.
Numerous reports have established that a relative optimum in
electrotransfection efficiency exists at field strengths yielding
survival rates between 80 and 30 % (1,2,15,22,23,26,27,33). These
results can be qualitatively rationalized in the following way. If the
field strength of the electric pulses is increased, reversible
electroporation precedes the irreversible membrane permeability changes
(break-down) 1leading to cell death. Successful electroporative gene
transfer only occurs in the range of reversible electric field effects
(reversible electroporation). Cell populations are usually non-
synchronized and often have a fairly broad size distribution. A field
pulse of given strength is only critical for the subpopulation of cells
of proper size; this portion will become electrotransfected
successfully. The lethal effects indicate the upper limit of the
reversibility range of the electric field pulse effects.

Electric field strength 1limitations were critical in some experiments
to electrotransform small objects 1ike bacteria or yeast (21,23,32);
the optimum field strength for maximum transformation efficiency was
not revealed, partly because of technical reasons. We also may mention
early attempts on electrotransformation of Bac. subtilis (Berg and
Grunow, 1979, unpublished; Neumann and SuBmuth, 1982, unpublished)
which were not successful with short ps-pulses in the field strength
range available (up to about 30 to 40 kV/cm).

One recent example from our laboratory may illustrate the typical
approach to elaborate suitable electroporation conditions. In attempts
to electrotransform gram-positive amino acid producing Corynebacteria
(Wolf, Pihler and Neumann, 1987, unpublished). At first, the survival
of osmotically sensitized cells (spheroplasts) has been investigated at
the pulse durations of 5 us, 300 us, and 5 ms; different media as well
as different equipments had to be used. It was noticed that pulses of
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Fig. 2 Scheme (a) of survival curve and (b) of the number of electro-
transformed cells.

even up to E, = 40 kV/em with the 5 ps-pulses did not affect the
viability of the bacterial spheroplasts. In contrast, with the longer
pulse durations lethal effects were observed within the field strength
ranges available (up to 25 kV/cm for the 300 us-pulses and up to 6
kV/cm  for the 5 ms-pulses). At field strengths of 20 kV/cm and 300 ps-
Pulses 60 % survival and stable transformants were obtained after
regeneration and selection.

Electroporation Medium. Already in the very first electrotransfections
of mammalian cell 1lines highly conductive media were used: HEPES
buffered saline (HBS) (2) or PBS (1,14); they are now standard media
(without divalent ions added). The cells are usually washed and
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resuspended just before electropermeabilization in one of these media.
After mixing with the plasmid DNA the suspension is pulsed (’zapped’)
and, after an incubation period (see below), transferred to the growth
medium.

The influence of divalent cations (Mg?*,Ca2*) on the transfection
efficiency was investigated (1,2,15,30). While Mg2+ jons increase the
DNA adsorption on the «cell surfaces, the actual overall
electrotransfection efficiency is largest without addition of these
ions (1,2). Therefore, divalent ions usually are not added to mammalian
cells .

In the case of plant protoplasts, it has been found that, besides the
necessary osmotic stabilization by sugars such as mannitol most oftenly
4 mM CaCl, is favourable (15). Hibi et al. (30) attempted to study
systematically the effect of Mg2* and cCa?* ions on the
electrotransfection of tobacco protoplasts by TMV RNA. Because of
technical Tlimitation they could only check the concentration range up
to 100 uM; there was no effect of Cal* ions, confirming Nishiguchi et
al. (31) who found that there is no dependence on Cal* ions up to 8 mM,
On the other hand, Mg2+ ions at 100 gM had a small promotive effect.
The optimized electrotransformation protocol by Shillito et al. (20)
for tobacco leaf protoplasts applies 6 mM MgC]Z. Mg2+ ions have been
reported to be essential for electric field mediated transformation of
carrot protoplasts (28). In summary, with plant protoplasts wusually
some divalent ions up to about 5 mM are added to the electroporation
medium.

The nature of the buffer wused (e.g., P8BS, HBS, or MES) has no marked
influence on tobacco protoplasts if TMV RNA is electrically introduced.
The yield is also independent of the pH value between pH 5 to 8 (35).
Fromm et al. (15) found a dependence of the efficiency of transient
expression (CAT activity) in electrotransformed carrot protoplasts on
PBS concentration. However, this dependence most probably reflects the
different pulse times. Therefore the different survival rates result
from the increased electric resistance by dilution of the PBS buffer;
see eq. (1). Chu et al. (33) studied the dependence of the CAT activity
of mammalian cells after electroporative gene transfer on salt
concentration in a HEPES buffer. The salt concentration was varied
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between 25 and 100 mM NaCl keeping the osmolarity constant by the
addition of sucrose. The highest salt concentration (100 mM) gave the
strongest CAT signal, and standard HBS buffer with 137 mM NaCl was
even more suitable. It is fair to say that at present the role of
different pulse time constants due to changing salt concentrations
remains unclear.

Besides of proper choice of the electroporation medium for pulsing,
special medium conditions may also be favorable for the membrane
resealing process after pulsing, as has been claimed by Stopper et al.
(25); this study beautifully confirms the early electroporation data of
mouse L cells by Wong and Neumann (1) and Neumann et al. (2).

Incubation Times and Temperature. It was already noticed in the very
first electroporative gene transfer experiments (2) that a post-
incubation period for the cell-DNA mixture of up to 10 min after the
electric field pulse application is necessary for effective gene
transfer resulting in gene expression. This clearly indicates that the
DNA uptake is an after-field effect which is triggered by the short-
duration electric field pulse.

The longevity of the reversibly electropermeabilized membrane state is
well-known (2) and has been studied systematically by following the
uptake of normally impermeable molecules (drugs, dyes), added to the
cells at different times after pulse application; see, e.g., (36,37). A
strong temperature dependence of the resealing process has been found.
It has been repeatedly reported that at low temperature the
electropermeabilized state of the cell membranes can be maintained for
minutes and even up to an hour (38). The slow resealing at low
temperature fits well the observation made in electrotransfection
experiments (14); the efficiency of gene expression can be increased by
pulsing and post-incubation at low temperature. Thus, electroporative
gene transfer experiments are usually performed at 0° to 4°C. According
to a standard protocol oftenly used, the washed cells are resuspended
in “ice-cold’ electroporation buffer and the plasmid DNA is added. Then
this mixture is incubated for 5 to 10 min and one or several pulses are
applied. After a post-incubation of about 10 min (all at the low
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temperature) the cells are transferred to growth medium at the
necessary elevated temperature.

This protocol also reflects some of the supposed steps in the overall
electrotransfection and electrotransformation procedures: (i) The
necessary DNA/cell contact is established within the pre-incubation
period by DNA adsorption on the cell membrane surface. Adsorption may
be enhanced either by charge neutralization through the binding of
divalent cations or by pretreatment with enzymes partially removing the
extracellular matrix or cell walls. (ii) DNA transport across the cell
membrane is initiated by one or several subsequent short electric field
pulses. (iii) The actual permeation is a sequence of fairly slow (ms-
to min-range) but still unknown ’‘transfer-steps’ within the post-
incubation period. (iv) The DNA transport is terminated by membrane
resealing at elevated temperature. (v) If the DNA is inside the cell,
obviously intracellular events lead to actual gene expression.

Number of Electric Field Pulses. The possible advantage of the
application of several subsequent field pulses (e.g., 3 to 5 pulses at
time intervals of several seconds) is not yet clear. Two simple effects
might be envisaged in this respect. First, a mere summation of the
favorable events might occur if, after the second pulse, other
independent sites of DNA/cell contacts become electroporated and thus
involved in DNA-transfer steps. Second, if the time between two pulses
is small compared to the rotational diffusion time of the cells, a
second pulse could enhance or accelerate, at the same
electropermeabilized patch, the sequence of transfer steps following an
event triggered by the first pulse. Most probably this has been the
case in the study by Hama-Inaba et al. (27), where the time interval
between two pulses was only 50 ms. Here, the efficiency in the double-
pulse experiment was higher than that in an optimized single-pulse
experiment.

Linearization of plasmid DNA. If tolerable, plasmid DNA should be
linearized for electroporative gene transfer experiments. An
enhancement of the gene expression yield between 3- and 20-fold with
linearized plasmid ONA compared to the circular or supercoiled form
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has been observed by several authors for different kinds of cells, for
transient expression as well as for stable transformation
(2,14,20,25,39,40). These observations point to a possible mechanism of
electroporative DNA transfer and might be correlated with the size of
the electropores or ‘electrocracks’ (41) necessary for transfer steps.
It is expected that the permeation sites for the linear DNA molecules
(fitting the diameter of a hydrated double-helical DNA ‘rod’) can be
smaller than those necessary for a supercoiled, i.e., more ‘globular’,
tertiary structure.

Addition of Carrier DNA. It is well-known from classical transfection,

transformation, and microinjection procedures that the addition of
‘carrier’ DNA, i.e., of non-specific high-molecular DNA, 1leads to an
increase in the level of gene expression of the specific plasmid
transferred (42). A similar positive effect of the addition of carrier
DNA  to the cell-plasmid DNA mixture was also established in
electrotransfection experiments (20,28,33). The nature of the carrier
DNA  was found to be important (33), in line with the data of other,
non-electroporative cell transfection and transformation methods.

The mechanism of the effect of carrier DNA is still unknown. It is
argued that it is linked to the activity of intracellular nucleases. In
the presence of excess carrier DNA a sufficient amount of the specific
foreign plasmid DNA obviously is preserved from cleavage.

Conclusions

Recent progress in molecular genetics and in biotechnology demostrates
that efficient and reliable gene transfer is an important prerequisite.
It appears that direct transfer of DNA or mRNA by electroporation is
not only simple and readily controlled but also generally applicable,
The efficiency of the electric technique in many cases compares well
with, and in several cases of special interest is clearly superior to,
the chemical methods.

One of the main aims of further improvements of DNA transfer techniques
is the development of conditions such that cells can be transformed
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without excessive pretreatment, avoiding, e.g., protoplast formation.
Electroporative gene transfer, to our opinion, is a likely candidate to
realize these goals. In addition, easy and reliable handling of the
electroporation method together with further technical development of
equipment will make this method even more attractive to a broad range
of cell biologists and biotechnologists.
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