
frequencies of 1–6 kHz and 12–25 kHz,
thresholds between cells with distinct char-
acteristic frequencies differ by 20–30 dB at a
given frequency (Fig. 1b), thus providing a
unique facility (for insects) for frequency
discrimination in the auditory pathway. 

Given the uniform design of the audito-
ry system in cicadas7, it is possible that the
frequency-modulated songs of many cicada
species, particularly tropical ones9, may
result from sensory drive10, because females
are able to use frequency components of
songs as criteria for species recognition and
mate choice.
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of cell transfection, antibody-coated beads
are bound to specific surface antigens and
then the beads are sheared off from the cell
by mixing: this causes the formation of
transient holes in the cell membrane
through which macromolecules can enter.

Granulocytic, differentiating human
lymphoblastic HL-60 cells normally express
CD71 on their surfaces. When induced to
differentiate in the presence of dimethyl
sulphoxide (DMSO), the cells cease to
express CD71 and instead express CD11b.
We have used this cell line as a model sys-
tem to investigate the process of cell trans-
fection mediated by immunoporation. 

DYNAFECT beads coated with either
anti-CD11b antibody (DYNAFECT-CD11b)
or anti-CD71 antibody (DYNAFECT-CD71)
were mixed on a rotating end-over-end
mixer at 33 r.p.m. for 6 h at 22 ∞ C with
either uninduced HL-60 cells or cells that
had been induced with DMSO for 3 days.
For mixing in a 2-ml microcentrifuge tube,
107 beads and 52105 cells were suspended
in 0.5 ml transfection medium (Dynal AS)
containing 0.2 mg plasmid DNA vector
pEGFP-C1 (4.7 kilobases) which codes for
green fluorescent protein. After trans-
fection, the beads were removed using a
magnetic separator and the cells were trans-
ferred back into tissue-culture medium and
cultured for a further 48 hours before
analysis. 

The extent of cell transfection was deter-
mined by flow cytometry. Figure 1 shows
that the DYNAFECT-CD71 beads facilitate
the transfection of DNA into normal HL-60
cells, but when the cells become differenti-
ated and no longer express CD71, trans-
fection no longer occurs with these beads.
In contrast, mixing undifferentiated HL-60

cells with DYNAFECT-CD11b beads does
not result in the transfection of the cells
with DNA, but when the cells are differenti-
ated and begin to express CD11b, those
beads do bring about transfection. 

Hence, immunoporation has the poten-
tial to target specific types of cell in a mixed
population for transfection, depending on
their immunological identity, and allow the
targeted cells to take up a variety of differ-
ent molecules. This also occurs in several
mammalian cell lines with a range of differ-
ent antibodies that target selected cell-
surface antigens. In all cases, the level of
transfection was 40–80%, depending on
mixing conditions, and non-viable cells
usually numbered less than 20%.

The high levels of selectivity and trans-
fection, together with minimal cell death,
that are achievable with immunoporation
illustrate the enormous potential of this
technique for use in a wide range of trans-
fection studies. In particular, the ability to
target specific subpopulations of cells will
be extremely useful for many gene therapy
applications.
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Transfection of cells by
immunoporation

Cell transfection is now a central tech-
nique in molecular biology and an
essential prerequisite for gene therapy.

Here we describe how beads coated with
antibodies and bound to specific cell-
surface transmembrane proteins can create
holes in cells when the beads are removed,
allowing transfection of the cells with DNA
or other macromolecules. This unique
targeted transfection of cells by immuno-
poration is very efficient and results in
minimal cell death.

A variety of methods have been devel-
oped for the transfection of cells, including
electroporation1,2, lipofection3,4, calcium
phosphate coprecipitation5,6 and DEAE
dextran7,8. Of these methods, only electro-
poration offers the possibility of introduc-
ing DNA and other molecules such as
proteins into viable cells. None of the cur-
rent methods is able to target specific types
of cells for transfection. In this new method
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Figure 1 Analysis of the transfection of HL-60 cells with pEGFP-

C1 by measurement of the expression of green fluorescent protein
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Erratum
Non-haemolytic b-amino-acid oligomers
E. A. Porter, X. Wang, H.-S. Lee, B. Weisblum, S. H. Gellman
Nature 404, 565 (2000)
Some symbols representing haemolytic activity were
absent or incorrect in Fig. 1c. The correct figure is shown
here. Crosses, b-17; circles, magainin derivative;
squares, melittin.
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