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In the pravious annual report, we dﬂccr{bﬂd our finding that tetanus toxin (TT)
irraveraibly stimulates AiF-dependent Ca't uptake by human neutrophil lysoscmes
and we hyvpothesized that the toxin acts as a kinase capable of either directly
phoephorylating the neutrophil lysosomal ca*™ ATPase or indirectly activating 1t
by phosphorylation of a regulatory intermadiate.

Numercus phorsphorylation stndies on intact neutrophil lysosomes as well as on
lysnanwal membroanes failed to reveal any effoct of TT on protein phosphorylation or
dephesphorylation.

Wa then asked the question whether TT acts on lysosomes, since our neutrophul
"lysosomal" preparation is actually a microsomal one that consists of two
intracellular organella populatlions, lysosomes and mitochordria (1). To determine
which organelle wag affected by TT, we performed ca*tt uptake experiments using
mitochondrial inhibitors.

As shown in Figure 1, either one or both of the mitochondrial 1nhibitors azide
(5 mt) and atractyloside (100 ull) partially inhibited the ATP- dependent catt
uptabn of TN microsemea, indicating that a siguificant portion of ca*tt uptake by
the preparation was dua to mitochondria. The stimulatory effect of TT (5 ug/ml),
howaver, was cempletely abolished by either one or both azide and atractyloside
(Figure 1), strongly suggesting that TT exerts its effect oz mitochondria.

Further evidence was providrd by the use of the mitochondrial substrate,
succinate. As *.cwn in Figure 2, succinate (1 mM) increased the microsomal
ATP-dependent cat ¥ uptake, which was further increased by the presence of TT (5
ug/ml). Since TT stimulates the succinate-driven increase in ATP-dependent catt
uptaka, and since cnly mitochondria can utilize succinate to energize catt uptake,
wa concluded that TT acts on the mitochondria in our preparation.

To confirm this conclusion, we purified mitochondria from bovine adrenal cortex
stncn preovious work demonstrated that adrenal cells could be intoxicated by
intracellular injection of TT. Highly purified preparations of bovine adrenal
certex mitochendria ware prggared according to well characterized methods (2-5). As
illustrated in Figute 3, Ca”' uptake by adrenal cortex mitochondria in the
presenre of ATE (1 ml) was increased by increasing concentrations of TT. At 1 ug/ml
1, the ATF-dependent catt vptake was significantly increased.

Onr next strp was to show that ATF-dependent catt nptake by isolated
mitorchomwiria was inhivited by either cne or both of the mitochondrial inhibitors
azide and atractyleside. As shown in Figure 4, el thot one or both azide and
atractyloside completely inhibited ATP-dependent ca*t uptake activity by
mitochondria in the presence or absence of TT (5 ug/ml).

Wa next tnvestipated whethrr tha effect ~f TT was supported by the
nonhydrolyzable A1P analogue AMP-PNP (6). As shown in Figure 5, TT had no effect on
mitochondrial Catt uptake in the presence of the ATP analogue, indicating a
requirement for a hydrolyzable high energy phosphate bond.

Since we showed that the effect of TT on mitochondrial Ca** uptake requires
ATP, our pe=t step was to investigate the mechanism by which {t does so. The most
tempting hvpothe51s was that TI acts as a kinase, phosphorylating a protein(s) that
participates in catt uptake by mitochondria, or, acting indirectly, phosphorylates
a kinase, which in turn phosphorylates another protein. Since all known protein
kinases require ATP concentrations in the micremolar range (7-10), the results shown
in Fipnre 6 argue against TT having kinase activity. The studies demonstrated that




Il stimmlated ATP-depnndent catt uptake by bovine adrenal cortex mitochondria only
at 1 o'l and at 0.5 mil ATP. There was little activity of TT at 100 uM ATP and no
effect at 10 ult ATP, indicating that TT is not a typical protein kinase.

¥in nevt attempted to show a3 specificity for the stimulatory effect of tetarus
toxin (1)) on AlP-dependent catt uptake by mitochondria. To our surprise, boiled
toxin, which is biologically inactive, showed the same stimulatory effect. Also, TT
dialyvzed apainzt Lhe buffer used for the catt uptake experiments showed no
stimilatory effect on mitochondrial ca*t uptake, at least by bovine adrenal
mitochnndria. A possible explanation is that the active factor is inorganic
rhosphate (F;), which is abundant .in our TT stock preparation, since its buffer is
phosphata buffered saline (PBS), and since Py is known to activate mitochondrial
catt uptake, When we measured the P; concentration of our TT stock preparatien,
it was found to ba 3 mll. We then tested various concentrations of Py on
mitochondrial ATP-dependent catt uptake and found that 100 uM showed a stimulatory
effect and 10 vlf had no effect. According to our calculations (from the dilutions
of the TT stock we arn using) and to the above Pi measurement, the final
concentrations of Fy in our experiments are always below 30 uM, and therefore
should not have a notable efiect on ATP-dependent catt uptake. Furthermore,
serial dilutions of EDS, equivalent to the dilutions of the TT stock we are using,
ware compared to the equivalent dilutions of TT. The PBS dilutions increased
ATP-d»pendant catt uptake, as was expected (since PBS contains Pi)’ but the
increases were small compared to the corcesponding incrcases induced by the TT
preparation. These tesults indicated that the observed effect of TT is probably not
attributable to the contamination of our TT preparation by phosphate salts.

After the results of the expariments described in the previous paragraph, we
realized that we had to show some specificity for the TT effect, and we performed
two groups of experiments.

In the first one, we applied our TT preparation to a TT-specific ganglioside
U;Yb) column, We then tested the material eluted from this column. Although
there was no [T detectable by protein gel electrophoresis, this material showed the
samn activity as control TT preparations in increasing ATP-dependent catt uptake
by either human neutrophil microsomes or bovine adrenal cortex mitochondria.

In the snceond pgroup of experiments, we eliminated the toxin from our preparation
by {mmrmoabsorption using protein A sepharose beads and the anti-TT monoclonal
antibodics provided by Dr. William Habig. Unfortunately, although all of the toxin
present in our preparation was immunoabsorbed as confirmed by protein gel
elactroephoresis, the material still had the same activity as control TT preparations
in angmenting ATT-dependent ca*tt uptake by either human neutrophil lysosomes or
bovine adrenal cortex mitochondria. '

The last two gronps of experiments confirmed that the effect of [T we have been
observing was artefactnal. We suspect that this was due to contamination of our TT
preparation probably by phosphate salts. We do not wish to further investigate what
factor caused the increased ATP-dependent catt uptake, since we know that it
definitnly is not tetanus toxin.
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FIGURE 1

EFTECT OF MITOCHONDRIAL INHIBLORS
Oll THE ACTION OF TETANUS TOXIN
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FIGURE 2

EFFECT OF TETANUS TOXIN IN THE PRESENCE OF SUCCINATE
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FIGURE 3

DOSE-RESPONSE COF THE EFFECT OF TETANUS TOXIN
ON CALCIUM UPTAKE BY ADRENAL CORTEX MITOCHONDRIA
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FIGURE 4

EFFECT OF MITOCHONDRIAL INHIBITORS
ON THE ACTICN OF TETANUS TOXIN
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FIGURE §

EFFECT OF TETANUS TOXIN
IN THE PRESENCE CF ATP OR AMP-PNP
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FIGCRE &

DEPENDENCE OF THE EFFECT OF TETANUS TOXIN
ON THE CONCENTRATION OF ATP

10 ~

° o
x
..:;.E g - O conirol
=2 y BT

o}
g2 .
BQ-
So 61
©
Og g

=
-
sE 1 —
h) -
:g 4
Q
Q.: L m—t
mv
© p

1
£ 2
P

0 /—'—'/-——-_/.

10 100

ATP concentration (uM)




