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SUMMARY We examined the effect of tetanus toxin on clonal neuroblastoma x
glioma hybrid cells, NG108-15, by intracellular microelectrode studies of pas-
sive membrane electrical properties and action potentials generated under various
conditions. Binding of tetanus toxin to the surface of the cells was demonstrated
by indirect immunofluorescent staining but no morphological alteration was ob-
served in tetanus toxin-treated cells under a phase contrast microscope. There is
no significant difference between the tetanus toxin-treated and untreated cells in
their passive electrical membrane properties, i.e. resting membrane potentials, in-
put resistances, time constants and input capacities. Cells in 120 mM Na+ 2 mM
Ca?* salt solution showed Na spikes, and cells in high Ca2* (30 mA), Na+-free salt
solution showed Ca spikes in response to depolarizing current pulses. While the
Na spike was not affected by tetanus toxin, the Ca spike was blocked by the toxin.
The minimum dose of tetanus toxin for maximum suppression of the peak potential
level of the Ca spike was 250 ng/ml. Addition of tetraethyl ammonium (TEA) to
extracellular fluid enhanced the Ca spike in untreated cells. In toxin-treated cells,
TEA did not alter the effect of tetanus toxin on the Ca spike. Blockade of the Ca
spike by tetanus toxin could be detected even at low extracellular Ca®+ concentra-
tion (10 ma/) by adding TEA to the extracellular fluid and adjusting the membrane
potential to a steady hyperpolarized level (—80 mV) to ensure optimal and uniform
electrical responses. The usefulness of NG108-15 hybrid cells for in vitro investi-
gations on the mechanism of action of tetanus toxin was discussed.

INTRODUCTION
Tetanus toxin has been reported to inhibit the 1978; Bigalke et al., 1981; Collingridge and
release of neurotransmitters (Bigalke et al., Davies, 1982; Wendon and Gill, 1982), but
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the mechanism of this action is still unknown.

In previous studies, we focused attention on
the action of tetanus toxin on the electrical
properties of the neuronal membrane. We
chose neuroblastoma clone NIE-115 cells
(Amano et al., 1972) because their ionic chan-
nels have been well characterized by the volt-
age-clamp technique (Moolenaar and Spector,
1978; 1979). We found that tetanus toxin
blocks the Ca spike in NIE-115 cells under
high Ca2t, Na*-free conditions (Sugimoto et
al., 1983; Higashida et al., 1983). This sug-
gests that it inhibits the release of neuro-
transmitters by blocking the influx of Ca®*.

For studies on the effect of tetanus toxin on
Ca?+ influx linked to neurotransmitter release,
NIE-115 cells are not suitable because they are
unable to release transmitter. Therefore in
this study we used neuroblastomax glioma
hybrid cells, clone NG108-15 (Hamprecht,
1977), which have been reported to release
acetylcholine in a voltage dependent manner
(Nelson et al., 1976; McGee et al., 1978).
However, the eclectrical properties of the
membranes of this hybrid cell clone are not so
well characterized as those of NIE-115 cells.
The purpose of this study was to extend our
previous findings to NG108-15 hybrid cells
and establish a basis for in vitro investigations
on the mechanism of action of tetanus toxin
that leads to inhibition of neurotransmitter re-
lease.

MATERIALS AND METHODS

1. Tetanus toxin and rabbit antitoxin

Clostridium tetani strain Harvard A47, substrain
Biken-Ozutsumi, was employed for production of
tetanus toxin. Purified tetanus toxin was obtained
from bacterial extracts by the method of Matsuda
and Yoneda (1975). The toxin preparation formed
a single precipitation band against crude horse an-
titoxin in agar gel immunodiflusion plates and mi-
grated as a single protein band on a polyacrylamide
gel plate. The activity of this preparation was
365-390 flocculating units and 0.8-1.6 X107 mouse
minimum lethal doses per mg protein. Rabbit an-
titoxin was prepared by intramuscular injection of
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formalin-treated toxin in incomplete Freund’'s ad-

juvant as described by Matsuda and Yoneda (1976).

2. Cell culture

NG108-15 hybrid cells were routinely cultured at
37 C in Dulbecco modification of Eagle’s minimum
essential medium (DMEM) supplemented with 5%
fetal calf serum, 1 x 10~* M hypoxanthine, 1x10% M
aminopterine and 1.6 x107% M thymidine in a hu-
midified atmosphere of 10% CO, in air. For the
experiments, NG108-15 hybrid cells were cultured
for 2-3 weeks in the presence of 1mM N§,
O32-dibutyryl-adenosine-3": 5’-cyclic monophosphate
(dibutyryl cAMP) to shift the hybrid cells to a more
differentiated state as described by Nelson et al.
(1976).

3. Dmmunofluorescent staining

NG108-15 hybrid cells grown on glass coverslips
(4% 30 mm) were washed with DMEM, and then
incubated with tetanus toxin (2 pg/ml) in DMEM
at 37 C for 1 h. The cells were stained by sequen-
tial incubation with rabbit antitoxin for 1 h and goat
anti-rabbit immunoglobulin conjugated with fluores-
cein for 1 h. After each incubation, the coverslips
were dipped successively in 5 beakers containing
100 ml of 40 mM N-2-hydroxy-ethylpiperazine-N'-
2-ethanesulfonic acid (HEPES) buffer, pH 7.2, con-
taining 120 mM NaCl, 2 mM CaCl,, 5 mM KCl,
1 mM MgCl, and 20 mM glucose. After the final
incubation and washing, the coverslips were mount-
ed in glycerol-borate buffered saline, pH 8.2 (9: 1 v/
v) and examined under a microscope equipped with
fluorescence optics {Nikon Optiphoto).

4. Electrophysiology

Techniques for intracellular recording of the
membrane potentials were essentially as described
previously (Sugimoto et al., 1983; Higashida et al.,
1983). The hybrid cells were treated with tetanus
toxin in DMEM at 37 C for 1 h and then washed
with an appropriate buffer solution. For record-
ing the Na spike, cells were bathed in 120 mM Na*,
2 mM Ca?*salt solution (120 mAM NaCl, 2mM CaCl,,
5 mM KCl, 1 mM MgCl,, 20 mM glucose). For rec-
ording the Ca spike, cells were bathed in high Ca**,
Nat-free salt solution (30 mM CaCl,, 5 mM KCl,
1 mM MgCl,, 20 mM glucose). All the solutions
were made isotonic (ca. 340 mOsm) with tris (hy-
droxymethyl) amino methane (Tris)-HCI, pH 7.25.
In the solution with TEA, Tris was isoosmotically





















TABLE 5. Effect of TEA on peak potential level of the Ca spike elicited in 10 mM Ca®*, Na*-
Jree solution in tetanus toxin-treated and untreated NG108-15 hybrid cells

Peak potential level® Probability
TEA Difference of
(15 mM) Untreated Tetanus toxin- of means significant
cells treated cells difference
Absent —~4.84+1.9 (20) —16.2+1.9 (20)* 11.4 <0.002
Present 6.8+1.5 (32)° —~16.8x+1.5 (35)" 23.6 <0.0002

“ Values are means+S.E.M.

¥ Values in parentheses are numbers of cells examined.

6. Effect of externally added TEA on the effect
of tetanus toxin on Ca spikes in the hybrid cells

In the presence of 15 mM of TEA, a voltage-
dependent K+ channel blocker, the Ca spikes
recorded in 10 mM Ca?t, Na+-free salt solu-
tion became more marked (Fig. 7A). Under
these conditions the Ca spikes elicited by 5 nA
of depolarizing current overshot the zero mem-
brane potential by about 7 mV, whereas the
mean peak potential recorded in 10 maf Ca?+,
Na*-free solution without TEA was about
—5mV. Blockade of the Caspikes by tetanus
toxin was not influenced by externally added
TEA (Fig. 7B). Asshown in Table 5, addition
of TEA to the extracellular fluid markedly
increased the difference between peak potentials
of tetanus toxin-treated and untreated cells.

DISCUSSION

In previous work (Sugimoto et al., 1983; Higa-
shida et al., 1983), we used neuroblastoma
clone NIE-115 cells and found that tetanus
toxin blocks the Ca spike under high Ca?+,
Na*-free conditions. In the present experi-
ments, we extended our previous findings
to NG108-15 neuroblastoma X glioma hybrid
cells, which release the neurotransmitter ace-
tylcholine (Nelson et al., 1976; McGee et al.,
1978). Under refined conditions, we confirm-
ed the selective blockade of the Ca spike by
tetanus toxin in the hybrid cells.

In this study, we used cells that were suffi-
ciently differentiated to generate a definite
Na spike and adjusted membrane potentials

to a steady hyperpolarized level to ensure
optimal and uniform electrical responses to de-
polarizing pulses. Under these conditions, all
the control cells responded to stimulation, in-
dicating that the conditions were better than
those in previous investigations. Moreover,
by adding TEA to the extracellular fluid, we
could detect blockade of the Ca spike by tet-
anus toxin at lower extracellular Ca?* concen-
trations than those in previous studies.
Experiments on passive electrical membrane
properties indicated that tetanus toxin does not
injure the cell membrane. The fact that the
Na spikes were generated in tetanus toxin-
treated cells as well as in untreated cells sug-
gests that the voltage-dependent Na* channels
in tetanus toxin-treated cells operate normally.
Externally added TEA, a volgate-dependent
K+ channel blocker, did not influence blockade
of the Ca spike by tetanus toxin, while it en-
hanced the Ca spike in untreated cells, pos-
sibly by reducing the counter-current of K+
(Katz and Miledi, 1969; Hagiwara and Byerly,
1981). This suggests that tetanus toxin does
not affect the TEA-sensitive K* current,
Thus the present results suggest that tetanus
toxin selectively blocks the voltage-dependent
inward Ca?* current in NG108-15 hybrid cells.,
The minimum dose of tetanus toxin for
blocking the Ca spike in NG108-15 hybrid
cells was 250 ng/ml. Though this dose is ap-
parently larger than the dose (ca. 100 pg) re-
quired for killing mice by toxin injection, it is
similar to, or less than, the doses so far report-
ed to inhibit neurotransmitter release from
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particulate brain or brain slices in vitro (Big-
alkeetal., 1981; Collingridge and Davies, 1982).

NG108-15 hybrid cells have been reported
to release acetylcholine in response to various
stimulations, such as high extracellular K+
(McGee et al., 1978) and electrical stimulation
(Nelson et al., 1976). Wendon and Gill (1982)
using NG108-15 cells reported that tetanus
toxin (5 pg/ml) inhibited the release of acetyl-
choline evoked by high extracellular K+.
NG108-15 hybrid cells were also reported to
form functional synapses with striated muscle
cells in culture (Nelson et al., 1976). These
findings, together with the present results in-
dicate that NG108-15 hybrid cells are a suit-
able in vitro system for electrophysiological
studies on the effect of tetanus toxin on neu-
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acetylcholine at synapses formed in vitro by
these hybrid cells and striated muscle cells in
culture.
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