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Electrofusion of myeloma cells on the pingle cell level 

Fusion under sterile conditions without proteolytic enzyme treatment 
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A t~h~que is presented which allows electrofusion of single ceils under steriie conditions. The 
electrofusion chamber is placed in a Petri dish. Before a droplet of the fusion medium is pipetted between 
the electrodes, the chamber is completely covered with Vaseline, which prevents the fusion medium 
evaporating. Additionally, the fusion chamber is treated with solutions containing poly(L)-Iysine and 
pronase which results in a decreased movement of the cells on the glass between the electrodes and which 

allows electrofusion without any proteolytic pretreatment. 

Single cell Sterility ~ybridoma ceil 

1. INTRODUCTION 

Ei~rofusio~ allows controlled fusion of a 
preselected number of cells under the microscope 
and leads to a high yield of viable fused cells [l-4]. 
The electrofusion technique is based on two steps: 
establishment of a close membrane contact be- 
tween at least two cells by dielectrophoresis in the 
presence of a weak inhomogeneous alternating 
field and subsequent electrical breakdown in the 
membrane contact zone in response to a very 
short-field pulse of high intensity. Electrofusion is 
performed in weakly conductive solution in order 
to avoid heat development. Pretreatment with 
1 mglml pronase (or 10 pgiml dispase) very often 
facilitates electrofusion of animal cells and sea- 
urchin eggs [5,6]. The addition of these enzymes 
leads to an increased field stability of the cells so 
that pulses of higher intensity and longer duration 
can be applied without irreversible damage to the 
cells. This action of pronase (as well as dispase) on 
the field stability of cells can be explained in a 
number of different ways [3-61. It is conceivable 
that the proteolytic activity of the enzymes causes 

a partial degradation of some of the membrane- 
integral proteins so that the mobility of the remain- 
ing proteins is increased. This increase in mobility 
could favour the emergence of lipid domains in the 
electric field which, on the one hand, facilitates 
electrofusion and, on the other hand, explains the 
field stability [3,4]. 

It is also conceivable that the charge density and 
distribution of these enzymes are responsible for 
the observed effects, so that, generally speaking, 
other proteins with the appropriate charge and 
hydrophilic structure, but without any enzyme ac- 
tivity, could lead to similar reactions. Such pro- 
teins could, for example, change the water struc- 
ture or viscosity in the membr~e contact zone of 
dielectrophoretically adhering cells in such a way 
as to favour fusion. On the other hand, by 
establishing an electrostatic contact between 
neighbouring cells in an otherwise non-conducting 
environment,, they could prevent the membrane 
contact from becoming too loose as a result of the 
cell movements elicited by the electrical breakdown 
of the membrane in the contact zone. Movement 
arises from electrophoresis during field pulse ap- 

Published by Eisevier Science Publishers 8. V. 
~145793/83/$3.~ 0 1983 Federation of European Biochemicat Societies 54 



Volume 163, number 1 FEBS LETTERS October 1983 

p~i~atiun and from rep~siun, due to the field- 
induced increase in membrane permeability in con- 
nection with the slightly higher hydrostatic 
pressure within the cells (see [4]). Movement of the 
cells would of course prevent the cell membranes 
of the two cells from inter~~lin~. 

We here report on a new ex~e~ent~ arrange- 
ment for eiectrofusion of cells which shows that 
the proteolytic activity of these enzymes is not the 
primary cause, but rather that the protein 
character (charge) of these enzymes is responsible 
for the observed effects, so that, generally speak- 
ing, pronase (or dispase) can be dispensed with in 
the future in the efectrofusion of animal/mam- 
malian ceils. 

The electrode arrangement and the electronic 
equipment used were similar to that described in 
g-61. However, the two platinum wires were 
glued in parallel, 2OOpm apart, onto a glass 
microslide, which was pretreated in order to 
modify the ad~~ion between the glass surface and 
the cells. Ear this purpose the micro&de was 
submerged for 15 min in a solution containing 
50 pg/mi poly(L)-iysine (Serva GmbH, 
Heidelberg). After washing with distilled water, 
the slide was rinsed with solutions containing 
1 mg,‘ml pronase (Serva GmbH, Heidelberg) or 
FCS (Fetal calf serum, 10~00). The microslide was 
then dried in air, placed in a Petri dish and com- 
pletely covered with sterile Vaseline (Vaseline 
Parlax, Laboratoires Lefranc, Romainville). With 
the aid of a micropipette, 20 pl of a sol&ion con- 
tag (f-3 M rn~~ol, 0,5 r&f MgClz and crt(=fi 
were injected into the electrode gap under the 
Vaseline cover, so that a cavity filled with solution 
is formed. Those cavities are protected from 
evaporation by the film of Vaseline (fig. 1). Sterility 
was provided by closing the Petri dish with a cover- 
ing plate. The use of Vaseline was described for 
single cell experiments in [7,8f. After cooling the 
Petri dish filled with vaseline/mannitoi to 4-8”C, 
two ceils were introduced to the mannitol cavity 
using a micrapipette in such a way that the cells 
were located &se to one another on the glass be- 
tween the two electrodes 191. ~mrn~di~ely after the 
injection of the electric field-pulse the temperature 
was raised to 37°C to enhance the fusion process. 

Fig.1, ~h~~ti~ cross-section of the ~~rne~tai 
arrangement used for electrofusion under sterile 
conditions. Two platinum electrodes (diameter: 100 pm) 
are glued in parallel on B slide, which is then treated with 
~ly(~~-Kys~e~prona~ (for details see text). The 
microslide is placed in a Petri dish which is Bled with 
sterife Vaseline. By means of a rn~~rop~te a broplet of 
a so$&tioB containing 0.3 M mannittol, 0.5 mM GaClz 
and MgCIz is injected into the vaseiine in order to form 
a small cavity over the electrodes. Thus the Vaseline 
prevents evaporation of the mannitol solution. The cells 
to be fused are introduced to the mannitol droplet with 
a rni~ro~i~te~ The electrodes are then connected to the 
electronic e~lpment, and the Petri dish is cIosed with a 
covering piate. For reasons of cIarity cells are not 

shown. 

The cells used were murine myeloma cells (SPZ and 
X 63) which were not pre-treated with pronase. 

3, RESULTS AND DISCUSSION 

Far both SPZ and X 63 myeloma cells, the ap- 
plication of an alternating sinusoidal field of 
200 V cm-’ and of 800 kHz caused the cells to 
form a cell-pair oriented along the field lines with 
the establishment of close membrane contact 
(dielectrophoresis). Injection of an external field- 
pulse of 20 Fs, 2.5 kV . cm-l1 which was sufficient- 
ly high to induce reversible electrical breakdown, 
led to fusion within 5 min. However, efficient fu- 
sion was only obsess if the microslide of the fu- 
sion chamber had been pre-treated with poly(L)- 
iysine/pronase, but not with poiy(L)-iysine/FCS. 
When using microslides pre-treated with poly(L)- 
lysine~pro~ase* it was often ubserved that the two 
myeloma cells moved about l-2 pm apart after the 
application of the breakdown pulse, although the 
alternating current was switched off, The cells then 
approached each other again under the same orien- 
tation and fused, probably due to the local non- 
uniform fields, arising from the anisotropic mem- 
brame potential after breakdu~ {4] and from the 
charged pre-treated glass surface. 

On the other hand, when poiy(L)-lysine/FCS- 
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