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Comparison of 3 cell fusion techniques using polyethylene glycol, electrofusion, and
HVJ envelope vector for production of monoclonal antibody by iliac lymph node
methods
Electrofusion (Electro Cell Fusion)
Electrofusion was performed using the LF201 Electro Cell Fusion Generator
(Nepa Gene, Japan) and the CUY497P2 MS Stand Model Chamber Type
Platinum Electrode, L80mm x W2mm x H5mm, 0.8ml (Nepa Gene, Japan),
(Fig. 1). The electrofusion buffer was composed of 0.3M mannitol, 0.1mM
calcium chloride and 0.1mM magnesium chloride.
1) Using a ratio of one-to-one, B lymphocytes from animals immunized with
ovalbumin and myeloma cells were put into a 15ml centrifuge tube
containing electrofusion buffer and centrifuged. The supernatant was
removed and the cells were suspended with 2.4ml of electrofusion buffer
solution.
2) Set LF201 as follows: AC (1MHz, 30Vrms, 20sec), DC (350V, pulse
length: 30 sec, pulse interval: 0.5sec, 3 times). Connect the CUY497P2
electrode.
Inject 0.8ml of the suspended cells into the CUY497P2 electrode. Start
LF201 the AC current for 20 second will bring the cells into alignment
(pearl chain), then the LF201 will automatically apply DC pulses three
times. Then remove cells from Electrode. Repeat the step 2 two more
times.
3) Centrifuge for 5 minutes at 1,000 rpm. Mix cells with HAT medium add
BM-Condimed H1 and inoculate into four 96 well plates.
Table1
Comparison of fusion methods using
mouse iliac lymph node lymphocytes
PEG
Positive Wells
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Electrofusion
Positive Wells

PEG:
Electrofusion Ratio

Comparison of methods using PEG and
electrofusion
Experiments using PEG and electrofusion were
done with iliac lymph node lymphocytes from
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1st

166

250

1：1.5

2nd

60

182

1：3.0

3rd

65

262

1：4.0

mice. The cells in two cryogenic vials were
thawed and mixed (approx. 4 x 107 cells). Then
half of the cells were fused by PEG and the other
half of the cells were fused by electrofusion. This
set of experiments was done three times. The
result was that the number of positive wells by
electrofusion was 1.5-4.0 times as many as by
PEG (Table 1). The average rate was 2.8 times.
Discussion of electrofusion
Cell fusion with PEG, electrofusion and HVJ-E
was done using iliac lymph node lymphocytes
from rats (Fig. 2 and 3).
Cell fusion by electrofusion can be done with
smaller number of lymphocytes than by PEG and
HVJ-E, and its operation time is shorter than PEG
and HVJ-E. The growth of fused cells after
electrofusion was faster because its damage
seemed to be low. Therefore ELISA screening for
positive wells by electrofusion was done one day
earlier than by PEG. The fusion technique does
not vary from individual to individual because
electrofusion operation is simple. Once the fusion
operation and electric setting are optimized, the
fusion with the equal condition can be always
generated for the same animal's lymphocytes.
The fusion with an equal condition leads to small
variation in the data. With electrofusion, the fusion
time is short, the cell damage is low and the
fusion efficiency is the highest. At this experiment,
the number of positive wells was 6 times better
compared to PEG.

Summary
3 kinds of cell fusion methods were compared using iliac lymph node lymphocytes from mice and rats.
PEG method is economical but the result varies according to fusion. The fusion efficiency by HVJ-E is the
same or higher than PEG but it is better than PEG in that fused cells grow vigorously. The fusion efficiency
by electrofusion is approx. 6 times better in the use of rat lymphocytes and approx. 3 times better in the
use of mouse lymphocytes as high as by PEG. Electrofusion method is clearly the best out of the three in
terms of efficiency, reproducibility, time and cost.
Satoko Inoue and Yoshikazu Sado,
Division of Immunology, Shigei Medical Research Institute

Reprogramming of a melanoma genome by nuclear transplantation
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Fig. 1. Two-step cloning procedure to produce mice from
cancer cells.
Different tumor cells were used as donors for nuclear
transfer into enucleated oocytes. Resultant blastocysts
were explanted in culture to produce ES cell lines. The
tumorigenic and differentiation potential of these ES cells
was assayed in vitro by inducing teratomas in SCID mice
(1), and in vivo by injecting cells into diploid (2) or
tetraploid (3) blastocysts to generate chimeras and
entirely ES-cell-derived mice, respectively.

Fig. 2. Analysis of the developmental potential of R545-1 ES cells.
(a) A hatching blastocyst derived from a breast cancer cell by nuclear transfer
shows a blastocoel cavity, trophectoderm layer, and an inner cell mass.
(b,c) H&E staining of teratoma sections produced from R545-1 ES cells shows
differentiation into mature neurons, mesenchymal cells, and squamous
epithelium (b), and columnar epithelium, chondrocytes, and adipocytes(c).
(d–f) Contribution of GFP-labeled R545-1 ES cells to newborn chimeras.
Shown on top are the GFP images of the head (d), heart (e), and intestine (f)
of one chimera. Below are the same images under phase contrast.
(g) FACS analysis of peripheral blood of a Rag2/R545-1 ES cell chimera
shows the presence of B cells using antibodies FITC-IgM/PE-B220 and T cells
using antibodies FITC-CD4/PE-CD8.
(h) Contribution of R545-1 cells to the skin indicates differentiation into
melanocytes. Arrows depict spontaneous development of tumors on the eye
and neck of chimera.
(i) Embryos produced entirely from ES cells by tetraploid complementation
develop to E9.5 with obvious tail and limb buds, a closed neural tube, and a
beating heart.
Fig. 3. Cancer phenotype in chimeric mice.
(a) Comparison of the average latency period of tumor development in
the melanoma donor mice (top) with that in nuclear transfer (NT)
chimeras (bottom). Note the similar latency of tumor development in NT
chimeras with that in donor mice after readministration of doxycycline
(recurrent tumors).
(b–d) Representative pictures and immunohistochemistry of tumors that
formed in R545-1 NT chimeras. Arrows indicate sites of tumor growth.
Melanomas (b), a rhabdomyosarcoma (c), and a malignant peripheral
nerve sheath tumor (MPNST; d) were identified by H&E staining and
immunohistochemistry with melanocyte-specific TRP-1 or muscle-specific
desmin or MPNST-detecting GFAP and S-100 antibodies, respectively.

3 of 6

1/3/13 12:42 PM

Hochedlinger K et al.,
Whitehead Institute for Biomedical Research, and Department of Biology, Massachusetts
Institute of Technology
Genes Dev. 2004 Aug 1;18(15):1875-85.

Timing controllable electrofusion device for aqueous droplet-based microreactors
[Publication 1]

Fig. 1. Electrofusion of droplets in the fusion chamber.
(a) Droplets formed upstream enter the fusion chamber.
(b) Due to the widening of the chamber, the droplets slow down and make contact when it enters the
fusion chamber.
(c) Upon the application of an electric field (50V, 750 m gap, Pulse width: 10 s, Interval: 0.2sec, 5
times) the contacting droplets coalesce.
(d) Photo showing two coalesced droplets. *The round particle near the top electrode was an air
bubble.
Electric pulses were applied with an Electro Cell Fusion Unit (LF101, NEPA GENE).

Fig. 2. High speed camera images of the fusion process.
This fusion process is almost instantaneous. The two droplets combined into one single ''peanut-shaped''
droplet within about 1ms. It took about another 5ms for the droplet to adopt a spherical shape under the
effect of surface tension. Throughout the fusion process, the darker colored blue ink droplet (leftmost) was
distinctly separated from the lighter colored water droplet (rightmost).

VIDEO (URL)
Wei-Heong Tan and Shoji Takeuchi, CIRMM/IIS, Institute of Industrial Science, University of
Tokyo
* Lab on a chip, Volume 6, Issue 6, Pages 757-763, June 2006

A microfluidic device for electrofusion of biological membranes [Publication 2]
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Fig. 1. Schematic view of the device and protocol to fuse
liposomes
Various gaps of electrodes have been designed.
(1) Liposomes are aligned along the electric field lines by AC
voltage.
(2) DC pulses inducing high electric field perform the
breakdown of membranes.
(3) These membranes reconnect to form a hybrid vesicle.
Fig. 2. Experimental sequence of liposome fusion
(1) Alignment, (2) Membrane breakdown, (3) Reconnection
Illustrates a real sequence of liposome fusion from the alignment of
vesicles to the membrane reconnection subsequent to their breakdown.

Fig. 3. Electrofusion of E. coli provacuoles with bulk electrodes
(a) Alignment, (b) After fusion
The conditions of electrofusion were similar to liposome's ones except for more
(20) and longer (90 s) DC pulses. Even though the membrane reconnection took
place, the reorganization into a proper spheroplast was still hindered by the
membrane stiffness.

Guillaume Tresset 1 and Shoji Takeuchi 2 1 LIMMS/CNRS-IIS, 2 CIRMM/IIS, Institute of
Industrial Science, University of Tokyo
* Biomedical Microdevices, Volume 6, Number 3, Pages 213-218, September 2004

Generation of cloned calves and transgenic chimeric embryos from bovine
embryonic stem-like cells [Publication 3]
Fig. 1. Photographs of calves obtained after nuclear transfer.
A: Two days after birth, B: Four weeks after birth
C: Fingerprinting of DNA from cloned calves, recipient
cows, and donor ES-like W3 cells.
Electrophoretograms show amplified fragments of DNA
derived from leukocytes from recipient cows (panels a, c
and e) and cloned calves (panels b, d and f) and from
donor ES-like W3 cells (panel g). Upper and right-side
scales indicate the sizes of DNAs (bp) and the intensities
of DNA fragments, respectively. Numbers in boxes
indicate the sizes of DNAs (upper) and the intensities of
DNA fragments (lower).
After insertion of donor ES-like cells into the perivitelline
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space of oocytes, cells and cytoplasts were fused
electrically in fusion medium.
(DC: 20V, Pulse length: 50 s, Pulse interval: 100ms, 2
Pulses)
Fig. 2. Expression of EGFP in transgenic chimeric embryos derived from ES-like cells.

A： Phase-contrast image of EGFPtransgenic ES-like cells. Magnification: 200x
B： Fluorescence microscopy image of (A)
C： Ten to fifteen ES-like cells being injected into embryos at 8- to 16-cell stage.
(Fluorescence phase-contrast image)
D, E： Micromanipulation procedures for the formation of chimeric embryos generated by EGFP
transgenic ES-like cells and recipient embryos by in vitro fertilization. Magnification: 200x
F： Proliferation of transfected ES-like cells after one day in culture following the formation of chimeric
embryos. Magnification: 200x
G： EGFP transgenic blastcysts four days after injection of
G418-selected ES-like W3 cells that had been
transfected with pCX-Neo-EGFP.
H： Fluorescence microscopy image of (G)
Distinct expression of EGFP was apparent in both the
ICM and trophectodermal cells.
Dr. Shigeo Saito, Saito Laboratory of Cell Technology
※Biochemical and Biophysical Research Communications, Volume 309, Issue 1, Pages
104-113, 12 September 2003
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