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fit Or!n pirnviotis .minunl report, we drý5cribed ouir finding that tetanus toxin (TIT)
rit-!uvertibly stimilattes AiP-dependent Calf uptake by human neutrophil lysosonies

Pnd we hypothesized Hint the toxin acts as a kiniq'i capable of either directly
phopphorylating the neutrophil Iysosomu-l Ca++ ATPase or indirectly activating it
by phosphorylation of a regulatory intermediate.

Niimn~rviv phorphorylation stbidinýs on intact :ivutrophil lysosomes as well as on
lvsy~,i rn.~rmi~ifailel to rrwoal any effect of IT on protein phospharylation or

dr-pho~zph)ory1.at ion.

We then asked the question whether 'IT acts on lyn-.qomes, since our neutrophdL
"lysosonial" preparation is actually a microqornal one that consists of two
intrracellulatr orgn.nellei populations, lysosornes and mitochon~dria (1). To determine
which organnelle was affected by 'IT, we performed Ca++ uptake experiments using
mitochondrial tilhibitors.

As sh',,wr fit Figure 1, either one or both of the mitochondrial inhibitors azide.
(5 "0~I arid Atractyloside (100 JIt) partially Inhibited the ATP-dependent Ca++
111,tal'e of rim? micronom-it, indicaiting that a significant portion of Ca++ uptake by
thea prnpirntivit wos due to mitochondria. The stimulatory effect of 'IT (5 uglmnl),
however, was completely abolished by either one or both azide and atractyloside
(Finure 1). strongly suggesting that IT exerts Its effect ror. mitochondria.

Further evidence was prov;idr'd by thre use of the mitochondrial substrate,
succinato. As !!-..own in Figuiri 2, succinnte (1 mit) increased the microsomal
AlP-dependent Ca~f_ uptake, which was further increased by the presence of 'IT (5
us/mi). Since 'IT stimulatpq the. succinate -driven Increase in AlP-dependent Ca~
uipta~ke, arid since ctily mitochiondria3 csn utilize succinate to energize Ca++ uptake,
we conclutded that 'IT acts on the mitochondria in our preparation.

To confirm this conclusion, we purified mitochondria from bovine adrenal cortex
stitco previouis woktk demonstrated that adrenal cells could be intoxicated by
intracellular injection of TIr. Highly purified preparations of bovine adrenal
ccrtr-n m'Jtochondria were pr ared according to well characterized methods (2-5). As
illustrated iii Figute 3, Can uptake by adrenal cortex mitochondria in the
presi:,t-e of AlP (1 cii) was increased by Increasing concentrations of 'IT. At 1 ug/mI
-ir, the ATP-dependent, Ca++ uptake was significantly increased.

Ouir nrxt str'p wns to show that ATP-dependent Ca++ jptake by isolated
mito':hoyi'Iria was inhibited by either one or both of the mitochondrial inhibitors
nz~idn -ind atractvleside2. As shown in Figure 4, ei-'ther one or both azide and
atrnctylosida completely inhibited AlP-dependent Ca~ uptake activity by
mnitochiondria fii the presence or absence of 'IT (5 ug/nil).

I-!-~ Invniipate 14hetl-V' the effect nf 'IT was supported by the
nonhydrolyzablr' t'1P analogue A11P-PIIP (6). As shown in Figure 5, 'IT had no effect on
mttochiondrial Ca++ iptake fin the presence of the ATP analogue, indicating a
req1uiremnent for a hydrolyzable high energy phosphate bond.

Since we showe2d that the effect of 'IT on mitochondrial Ca++ uptake requires
ATP, our nr'y~t step was to investigate the mechanism by which it does so. The most
trmpting hypothesis was that TI acts as a kinase, phosphorylating a protein(s) that
participatos in Caý uiptake by mitochotidiia, or, acting indirectly, phosphorylates _

a kinase, which in turn phosphorylates another protein. Since all known protein
kinases require ATP concentrations in the micrcnolar range (7-10), the results shown
fin Figiire 6 argtie against 'IT having kinase activity. The studies demonstrated that



I1' StI•,lil;ft-d ATP-depr"idnt Ca++ uptake by bovine adrenal cortex mitochondria only
at 1 0,?1 and it 0.5 n•1 A'rr. There was little activity of TT at 100 ul ATP and no
effect at 10 u11 ATP, indicating that TT Is not a typical protein kinase.

1-1 nipt ittempted to show a specificity for the stimulatory effect of tetarus
toý,jii (I'1) on A'iP-dependcnt Cal+ uptake by mitochondria. To our surprise, boiled
toxin, -,hich is biologically inactive, showed the same stimulatory effect. Also, TT
diaiv7.-d nyii,,it hhe b-ffer used for the Ca ++ uptake experiments showed no
stinmvlatory effect on mitochondrial Ca-+ uptake, at least by bovine adrenal
rmitochinndria. A possible explanation is that the active factor is inorganic
phowphate (ri), which is abundant in our TT stock preparation, since its buffer is
phisphntn biff-rrwd saline (rBS), and since Pi is known to activate mitochondrial
C'a+ ipt..ne. When we measured the Pi concentration of our fT stock preparation,
it was found to b" 3 m•l. We then tested various concentrations of Pi on
mitochondrial ATP-dependent C.i++ uptake and found that 100 uM showed a stimulatory
effect aid 10 i4l had no effect. According to our calculations (from the dilutions
of the TrT stock we art using) and to thc- above Pi measurement, the final
concentrations of r, in our experiments ire always below 30 uM, and therefore
.should not have a notable effect on ATP-dependent Ca++ uptake. Furthermore,
serial dilutions of rBS, equivalent to the dilutions of the TT stock we are using,
wnre cw.lpare-d to the equivalent dilutions of TT. The PBS dilutions increased
A'MP-d-pendent Ca4+ uptake, as was expected (since PBS contains Pi), but the
itir're.sps were small compared to the corzesponding incrcases induced by the TT
prtpnratP'n. These tesulta 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 exp.riments described in the previous paragraph, we
realized that we h.id to show some specificity for the TT effect, and we performed
two gro,,ps of experiments.

In the first one, we applied our T•- preparation to a TT-specific ganglioside

kGI'b) column. We theoi tested the material eluted from this column. Although
thtrn was no "T detectable by protein gel electrophoresis, this material showed the
sanin activity as cotitrnl TT preparations in increasing ATP-dependent Ca++ uptake
by either human noutrophil microsomes or bovine adrenal cortex mitochondria.

In the, second grotip of experime.nts, we eliminated the toxin from our preparation
1- i1,-,to.hb!orption using protein A sepharose beads and the anti-TT monoclonal
autiýb'-lvs provided by Dr. William llabig. Unfortunately, although all of the toxin
pres•.nt in our preparation was immuno.absorbed as confirmed by protein gel

1onctrephoresis, the material still had the same activity as control TT preparations
in a'upmenting A'P-dependent Ca 4+ uptake by either human neutrophil lysosomes or
bovine adrenal cortex mitochondria.

"Ih,? last two groups of experiments confirmed that the effect of fr we have been
observing was artefactnial. We suspect that this was due to contamination of our TT
prnpiration probably by phosphate salts. We do not wish to further investigate what
factor caused the increased ATP-dependent Ca++ uptake, since we know that it
defJnitely is not tetanus toxin.
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FIGURE 2

EFFECT OF TETANUS TOXIN 114 THE PRESENCE OF SUCCINATE
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FIGURE 3

DOSE-RESPONSE OF THIE EFFECT OF TETANUS TOXIN
ON CALCIUM UPTAKE BY ADRENAL CORTEX MITOCHONDRIA
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F:GURL 4

EFFECT OF MITOCHONDRIAL INHIBITORS[
ON THE ACTION OF TETANUS TOXIN
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FIGURE 5

EFFECT OF TETANULS TOXIN
IN THE PRESENCE OF ATP OR AMP-PNP
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FIGUR~E 6

DEPENDENCE OF THE EFFECT OF TETANUS TOXIN
ON THE CONC ,cNTRAlnON OF ATPNI
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