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Summary

The presence of tetraphenylborate (TPB, 1073 M to 1074 M) in goldfish
brain particulate preparations during a 5-15 min incubation with v-32p-aATP
or y=-33P-ATP results in marked stimulation of labeling of phosphatidate
and a decrease in labeling of phosphatidyl inositol phosphate. Incorpor-
ation into phosphatidyl inositol diphosphate, a minor labeled phospho-
lipid, is also depressed by TPB. We suggest the TPB effect is medlated by
stimulation of a phosphodiesterase releasing diglyceride from phospho-
lipid, which then reacts with labeled ATP, catalyzed by diglyceride kinase.

Sodium tetraphenylborate (TPB) forms insoluble salts with potassium,
ammonium and choline ionsl. Dilute solutions dissociate cellsz, swell
mitochondriaB, uncouple oxidative phosphorylation4 and inhibit light-
induced uptake of monovalent catioms by chlor0p1astss. We report here
that this unusual agent profoundly alters phospholipid labeling in gold-
fish brain preparations,

Methods. Goldfish brain homogenates (1:3, in 0.25 M sucrose) were
used directly or as a source of microsomal fraction, Following removal
of cellular debris at 1000xg for 10 min, mitochondria and other large
particles were sedimented by centrifugation at 20,000xg for 10 min, and
the microsomal pellet was obtained by centrifugation of the supernatant
fraction at 100,000xg for 60 min,

Incubations were at 20° in 1.2 ml containing 33 mM glycylglycine

buffer (pH 7.4), 8.3 mlf NaF, 8.3 mM MgCl,, Y- _P-ATP or y=>>

P-ATP (5 uC,
0.1-0.2 pymoles) and homogenate or particles from 60 mg of brain., When
it was desired to label phosphatidyl inositol (PhI), 0.1 mM CTP and 0.1

mM myo-inositol were added. TPB, Na (Sigma) was added in water.
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The reaction was stopped with chloroform-methanol-HC1, extracted
and washed as described previously6. Individual lipids were separated
by thin layer chromatography on oxalate-silica gel H plates7. Plates
were developed with a modified solvent, chloroform-methanol-4N ammonia
(3:3:1) which gave good separation of phosphatidyl inositol diphosphate
(PhIPz), phosphatidyl inositol phosphate (PhIP) and PhI, but poor reso~
lution of phosphatidate (PhA) from PhI. A second separation of the
lipid on basic carbonate platess, developed with chloroform-methanol-
glacial acetic acid-water (50:25:7:3), separated PhI from PhA while

poorly resolving PhIP from PhIP The identity of labeled lipids was

e
confirmed by paper chromatography on formaldehyde-treated filter paper6,
and by high voltage electrophoresis of their deacylated glycerophos-
phates6. The labeled regions were located by scanning the paper or by
autoradiography of the thin layer plates. The spots were then cut out or
scraped and counted by liquid scintillation. ATP in the aqueous layer

was measured following high voltage electrophoresis,

Results and Discussion., PhA and PhIP are the major radioactive

lipids. PhI is labeled when CTP and inositol are supplied to homogen-
ates or to mixed particles, but not with microsomes. The phosphatidate-
cytidyl transferase in goldfish brain may be mitochondrial as observed in
chick braing. PhIP2 was only slightly labeled in these experiments, and

then only in whole homogenates, presumably since PhIP kinase is in the

supernatant fractionlo. Some labeling of lysophosphatidate is also seen,
and there are in addition two faintly labeled unidentified spots which
migrate between PhIP2 and PhIP on the oxalate plates, Deletion of NaF
decreases labeling to one-~third.

TPB stimulates labeling of lipid, with a narrow range of optimal
concentration (Fig. 1). TPB also appears to preserve ATP, which is

destroyed during incubation at a much greater rate than can be accounted

for by the lipid labeling. TPB conserves ATP even better at concen-
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Fig. 1, Effect of TPB on lipid labeling and ATP hydrolysis. Microsomal
preparations (0.65 mg protein) were incubated 15 min in varying final
concentrations of TPB and 5 uC of y~33P-ATP (0.2 umoles ATP). Lipid

(Q), atr (@).

trations that are extremely inhibitory for lipid labeling, as discussed
below., The increased incorporation of radiocactivity is due to increased
labeling of PhA, PhIP and PhIP, are actually decreased (Fig. 2). The
labeling is presumed to be due to the action of diglyceride kinasell.
The increase in labeled PhA may be due to 1) preservation of ATP, 2)
stimulation of diglyceride kinase, 3) increase in precursor diglyceride
or 4) stimulation of phosphatidate phosphohydrolase, which, by acting on
a large pool of endogenous PhA, could produce diglyceride and yet
increase labeling of PhA.

TPB prevents hydrolysis of ATP, but its effect is greatest at
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Fig. 2. Effect of delayed addition of supplementary ATP with and without
TPB. Microsomes (0.69 mg protein) were incubated with 5 pC (0.1 umole)
of y-33P-ATP for 30 min (@ ). To other incubation mixtures, 5 uC of the
ATP (Q)), or 5 uC of the ATP and 0.12 umole of TPB (.) were added at
15 min.

concentrations inhibitory for 1lipid labeling. Also, in other experiments,
we have found that time courses of lipid labeling show early marked
stimulation by TPB at a time when little difference in ATP concentration
is evident. From Fig. 3 it can further be seen that ATP alone does not
increase phospholipid labeling. TPB does not therefore appear to exert
its effect on lipid labeling via the demonstrated effect on ATP levels,
If stimulation of diglyceride kinase accounted for the TPB stimula-

tion, we would anticipate more rapid iniftal labeling of phosphatidate

with TPB, but little change in the final level (unless precursor ATP or
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Fig. 3. Time course of labeling of individual lipids in the presence or
absence of 10~3 M TPB., Homogenates were incubated with 5 uC of y=32p-aTP
(0.2 umole) for the times indicated. Following extraction, lipids were
separated by thin layer chromatography and located by autoradiography on
X-Ray film for 12-48 hrs. Radioactive spots were counted as described.
PhA (@), PhIP (Q), PhIP, (.), solid lines - controls, dashed lines -
TPB. :

diglyceride was being consumed by a competing reaction). Fig. 2 shows
that the highest level of labeling observed in control experiments did
not approach that seen with TPB.

Sequential addition of labeled ATP (with or without TPB) after
preincubation without TPB, indicated that endogenous diglyceride is
limiting and its increased availability can explain the TPB effect.
Increased labeling in the presence of TPB and leveling off following a
new addition of ATP support this possibility. Fig. 2 suggests that PhIP

could .be a source of diglyceride. This possibility was tested in
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experiments with homogenates in which lipids were prelabeled and
remaining ATP was trapped by hexokinase and glucose (Table I). TPB

markedly decreases the amounts of prelabeled PhIP and PhIP, with slight

2
decrease in PhI, By contrast, PhA is unchanged. TPB may activate a
phosphoinositide phosphodiesterase and thus increase the available
diglyceride, Such an enzyme is knownlz. Diglyceride could come from

more prevalent but unlabeled brain phospholipids, such as phosphatidyl

ethanolamine, phosphatidyl choline, etc, This is unlikely, since phospho-

Table I

Effect of tetraphenylborate on prelabeled lipids
of goldfish brain homogenates

Exp Time Treatment PhA PhI PhIP PhIP,
(Min) (pmoles) (pmoles) (pmoles) (pmoles)

1 10 79.5 35.6 59.3 21.9

*

15 H+G at 10 Min 77.3 28.5 43.1 16.5

30 H4+Gat 10 Min® 86.7 36,1 43.9 15.4

30 H+GCat 10 Min 73.5 22.1 14.0 4.6

+TPB " at 15 Min

30 t 124.5 45.8 71.7 20.8

30 +TPB, -2 Min (pre) 284.,9 12.4 6.2 3.7

2 30 U 81.3 84.0 102.9 23.1

30 +TPB, -2 Min (pre) 237.6 31.5 15.3 3.0

30 —CTP, -Inositol’ 197.1 37.5 134.7 18.6

30 -CTP, -Inositol 364.8 25.8 22.5 2.7

+TPB, -2 Min (pre)

Yields are based on the specific activity of the added ATP (5 uC, 0.1 umole).
*Hexokinase, 60 ug Boehringer-Mannheim, dialyzed to remove (NHg),50; and
glucose, 40 umoles,

10,1 ml Hy0 added instead of TPB.

%*%(Q)

.12 ymole TPB in 0.1 ml.

351



Vol. 35, No. 3, 1969 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

lipase C is probably absent from animal tissueslS.

The results in Fig. 2 as well as those in Table I indicate that
TPB does not stimulate phosphatidate phosphohydrolase., Furthermore, the
presence of magnesium and fluoride should completely inhibit this
activityl4.

The mechanism of the TPB effect may not be related to its reaction

with potassium. Other biological effects of TPB are also regarded as

independent of potassium—bindingA. We have not completely ruled out the

possible activation of diglyceride kinase by TPB. Stimulation of the
kinase or of a phosphodiesterase by TPB could result from reaction with
guanidinium groupsl.

Of heuristic value is the possibility that TPB may be a cholinergic
agent., Acetylcholine has long been implicated in stimulation of phospha-
tidate and PhI labeling by phOSphate15’16. Available diglyceride may
mediate this effect in avian salt gland and in guinea pig nerve endingsl7.
3H Inositol-prelabeled inositides may release inositol phosphates after
incubation with acetylcholinel7, suggesting that degradation of inositol
phosphatide by phosphodiesterase to produce diglyceride is related to the
acetylcholine effect. We interpret this data to suggest that PhIP can be
the major source of the water-soluble inositol phosphates and diglyceride.

The similarities of action on lipid labeling of TPB and acetylcholine
may be of interest in view of the recent report that TPB depolarizes
neuromuscular junctions and causes a twitch in phrenic nerve diaphragm
preparationsls.

Acknowledgments. These studies were supported by grant NB 3101 of the

USPHS and a special fellowship (J. Hollander; 2F11NB1900-02) from the
NINDS.

REFERENCES

1. Sporek, K, and Williams, A. F,, Analyst 80, 347, 1955.
2, Rappaport, C. and Howze, G. B., Proc. Soc., Exp. Biol. Med. 121,
1016, 1966.

KLVA



Vol. 35, No. 3, 1969 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

11.
12,
13.

14.
15.

16,
17.
18,

Harris, C. C., and Leone, C. A., J. Cell Biol. 28, 405, 1966.

Utsumi, K. and Packer, L., Arch. Biochem. Biophys. 122, 509, 1967.

Horton, A. A. and Packer, L., Arch Biochem. Biophys. 128, 820,
1968,

Hajra, A. K., Seguin, E. B, and Agranoff, B, W., J, Biol. Chem,
243, 1609, 1968,

Gonzalez-Sastre, F. and Folch-Pi, J., J. Lipid Res. 9, 532, 1968.

Skipski, V. P., Peterson, R, F. and Barclay, M., J. Lipid Res. 3,
467, 1962,

Petzold, G. L. and Agranoff, B. W., J. Biol., Chem. 242, 1187, 1967.

Kai, M., Salway, J. G. and Hawthorne, J. N., Biochem. J. 106, 791,
1968,

Hokin, M. R, and Hokin, L, E., J. Biol, Chem. 234, 1381, 1959.

Thompson, W. and Dawson, R. M. C., Biochem. J. 91, 237, 1964.

Barnholz, Y., Roitman, A, and Gatt, 8., J. Biol. Chem. 241, 3731,
1966,

Coleman, R. and Hiibscher, G,, Biochim, Biophys. Acta 56, 479, 1962.

Hokin, L. E., and Hokin, M, R., "The Role of Phosphatidic Acid and
Phosphoinositide in Transmembrane Transport Elicited by Acetyl-
choline and Other Humoral Agents," in: Int., Rev, Neurobiol. 2,
C. C. Pfeiffer, and J. R. Smythies, Eds., Academic Press, New
York, 1960,

Redman, C, M. and Hokin, L. E., J. Neurochem. 11, 155, 1964.

Durell, J., Sodd, M. A, and Friedel, R, 0., Life Sci, 7, 363, 1968.

Guideri, G., Seifter, E. and Seifter, J., The Pharmacologist 10,
177, 1968,

353



