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Abstract
A direct transfer of plasmid pBP517

from C600 to J53 Escherichia coli K12
strains by electroporation, either by the
standard method, or in the presence of 20
µg/mL of DNAse was carried out. In a stan-
dard experiment, donor and recipient bacte-
ria were mixed and subjected to the electro-
poration procedure, about 2700 (range
1600-3700) recombinants were found,
while no colonies were detected from non
treated bacteria. When the same tests were
performed at the presence of DNAse the
number of recombinants fell to about 200
(range 183-218). This difference between
the number of colonies found in the pres-
ence or in absence of DNAse was observed
every time the tests were repeated.
According to these observations, plasmid
DNA has been transferred from donor to
recipient cells via electroporation also when
DNAse was added. Since the free genetic
material is destroyed by the enzyme and
recombination takes place it has been
hypothesized that there must be a direct
contact between the partner cells. 

Methodology
Electroporation is a system to introduce

transient pores into membranes of mam-
malian cells by a high-intensity electric
field. This technique is use to diffuse or
exchange intracellular and extracellular
material among the cells during the lifespan
of the pore. These electric impulses have
also demonstrated to promote eukaryotic
cell fusion.1,2 Electroporation is also an
increasing recognized method for introduc-
ing DNA into bacterial cells and for pro-
moting plasmid loss from bacteria.3,4 In par-
ticular this technique was employed in
transformation experiments to stimulate the
uptake of plasmid DNA, and in direct trans-
fer of genetic material to recipient cells not
only among organisms of the same species,
but also among bacteria genetically not cor-

related to each other.2 Many different exper-
imental conditions were also explored to
enhance the efficiency of DNA and proteins
exchange.5-8 Previous experiments from
this laboratory showed that an apparatus,
used for endodontic treatments, that gener-
ated a high frequency alternating current
(Endox® Endodontic System (Endox)9 pre-
sented many analogies with the electric
pulses generator employed for electropora-
tion. Although the mode by which this
apparatus causes the death of the bacteria is
not known, it was used to carry out experi-
ments to achieve a high permeability of the
cell envelope of different microorganisms.
This instrument demonstrated a lethal activ-
ity on different strains representative of
gram-positive and gram-negative bacterial
species as well as Candida albicans,
Actinomyces spp, and Bacillus subtilis
spores.10 This apparatus after changing the
set of electrical parameters, was also used to
perform genetic experiments promoting the
exchange of non-conjugative plasmid DNA
between two Escherichia coli K12 strains,
mixed together and then exposed to this
electric pulses. Further tests demonstrated
that this instrument promoted the entry into
the bacterial cell of antibiotics that are not
normally able to interact with the microor-
ganism because of a natural permeability
barrier, and induced a delay in the re-growth
of survivors of different species following
this treatment.11 These findings prompted
us to explore if it is possible to exchange
genetic material mixing donor and recipient
bacterial cells using the instrument general-
ly employed in the electroporation experi-
ments. In the same time it appeared of a cer-
tain interest verify if the addition of DNAse
during electroporation inhibit any genetic
material exchange. To explore this possibil-
ity, a direct transfer of plasmid pBP517,12

from E coli K12 laboratory strains C600
(donor) and J53 (recipient) by electropora-
tion, either by the standard method, or in the
presence of 20 µg/mL of DNAse was car-
ried out. In a standard test, donor and recip-
ient strains were harvested from culture in
logarithmic phase and washed three times
with ice-cold water. The final bacteria con-
centration was about 3×1010 cells in 1 mL.
40 µL aliquots of both donor and recipient
strain were mixed and transferred to an ice-
cold electroporation cuvette. The mixture
was exposed to a single pulse of 2.4 kV, 25
µF (time constant 4.6 m/sec) in a Gene
Pulser unit (Bio-Rad Laboratories, Milan,
Italy). 1 mL of SOC solution (2% tryptone,
0.5% yeast extract, 10 mM NaCl, 2.5 mM
KCl, 10 mM MgCl2, 10 mM MgSO4, and
20 mM glucose) was added and the treated
cells were incubated at 37°C for two hours.
Recombinants were selected on plates con-

taining rifampin (100 µg/mL) and amikacin
(40 µg/mL), that enable the growth of the
recipient cells that acquired the pBP517
plasmid from the donor. Some random cho-
sen colonies were also checked for the pres-
ence of the plasmid DNA by agarose gel
electrophoresis (Figure 1). In a standard
experiment about 2700 (range: 1600-3700)
recombinants were found, while no colonies
were detected from non treated bacteria.
When the same tests were performed at the
presence of DNAse the number of recombi-
nants fell to about 200 (range: 183-218).
This difference between the number of
colonies found when DNAse was included
in the mixture and when it was omitted was
observed every time the tests were repeated.

According to these observations, plas-
mid DNA has been transferred from donor
to recipient cells via electroporation also
when DNAse was added during all the
experimental procedure. 

In an attempt to explain the present
findings some hypotheses and considera-
tions can be argued. When the bacterial
cells are exposed to the electric field, the
genetic materials and other cellular compo-
nents are released from the donor strain and
introduced into the recipient through the
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transient pores also present in the partner
cells. The strong reduction of the number of
recombinants when DNAse was added sug-
gests that the free genetic material is digest-
ed by the enzyme, The low number of
recombinants still obtained under these
experimental conditions might be due to the
presence of residual DNA not completely
eliminated by the enzyme. On the other
hand, the pores appear stable and can be
seen under an electronic microscope,2-13

bacterial cells that are not totally killed by
the treatment and required about 1 hour to
resume their original growth rate,11 might
have enough time to acquire the residual
genetic material or establish a direct contact
between each other. It is also possible that
when pores are formed might fit together
with those of the partner cells establishing a
direct cell to cell connection enabling all
cytoplasmic material to be exchange.

Preset findings demonstrate that genetic
material can be exchange between two bac-
terial cells treated together to electropora-

tion. This is a interesting finding in view of
the fact that routine method in both gram-
positive and gram-negative bacteria require
tedious time and material consuming tech-
niques via a spheroplast formation of the
bacterial cells.14

Electroporation is rapid and prompts to
explore new fields in genetic recombination
interspecies as well as intra-species by pass-
ing the difficulties due to the complexity of
bacterial cell wall especially in gram-nega-
tive organisms.15-18
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Figure 1. Plasmid DNA from donor (lane
2), recipient (lane 3) and recombinant cells
(lanes 4, 5, and 6). Lane 1, λ DNA Eco RI.
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