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duramycin, duramycin did not change the efficiency of the
pump. At higher concentration (about 30 pg of duramycin
per 20 ug of reconstituted enzyme), the mixture became turbid,
and Na*-transport activity was inhibited (unpublished results).

The reversibility of the inhibitory effect of duramycin by
phospholipids may be a clue to its mode of action. Asolectin,
PE, and PS, but not PC vesicles, became turbid when dura-
mycin was added at low concentrations (5 ug/mg of lipid).
This result suggests that duramycin directly interacts with
some phospholipids. The lubrol-solubilized dog kidney
(Na*,K*)-ATPase was much more sensitive than the mem-
branous preparation. It is therefore not clear whether the
inhibitor interacts directly with the protein or whether it in-
terferes with a specific protein~lipid interaction.

Duramycin inhibits the ATPase activity of clathrin-coated
vesicles and of plasma membranes. It has little effect on the
Ca?-ATPase of sarcoplasmic reticulum and none on the
F|-ATPase of bovine heart mitochondria even at very high
concentrations (Stone et al., 1984; Racker et al., 1984). It
does, however, inhibit at high concentrations the ATPase
activity of submitochondrial particles from bovine heart. The
difference in susceptibility between F; and submitochondrial
particles may be due to the curious association of the enzyme
with an inhibitory mitochondrial protein and its reversal by
phospholipids (Bulos & Racker, 1968). Thus, duramycin may
have an inhibitory effect on mitochondrial ATPase similar to
that of oligomycin. The remarkable specificity of the inter-
action between duramycin and lipids may therefore lend itself
to further explorations of lipid—protein interactions.

Acknowledgments

We thank Dr. J. Navarro for a helpful discussion.

Registry No. Duramycin, 1391-36-2; ATPase, 9000-83-3; p-
nitrophenylphosphatase, 9073-68-1.

References

Albers, R. W, Koval, G. J., & Siegel, G. J. (1968) Mol.
Pharmacol. 4, 324-334.

Bulos, B., & Racker, E. (1968) J. Biol. Chem. 243,
3901-3905.

Cantley, L. C,, Jr., Josephson, L., Warner, R., Yanagisawa,
M., Lechene, C., & Guidottie, G. (1977) J. Biol. Chem. 252,
7421-7423,

Fagan, J. B., & Racker, E. (1977) Biochemistry 16, 152-158.

Fahn, S., Hurley, M. R, Koval, G. J., & Albers, R. W. (1966)
J. Biol. Chem. 242, 1890-1895.

Gross, E., & Brown, J. H. (1976) in Proceedings of the Eu-
ropean Peptide Symposium, 14th Wepion, Belgium, April
1976, pp 183-190.

Henderson, G. R., & Askari, A. (1976) Biochem. Biophys.
Res. Commun. 69, 499-505.

Henderson, G. R., & Askari, A. (1977) Arch. Biochem.
Biophys. 182, 221-226.

Inturrisi, C. E., & Titus, E. (1968) Mol. Pharmacol. 4,
591-599.

Jorgensen, P. L. (1974) Methods Enzymol. 32, 277-290.

Kuriki, Y., & Racker, E. (1976) Biochemistry 15, 4951-4956.

Lindenmyer, G. E., Laughter, A. H., & Schwartz, A. (1968)
Arch. Biochem. Biophys. 127, 187-192.

Lohmann, K., & Jendrassik, L. (1926) Biochem. Z. 178,
419-426.

Lowry, O. H., Rosebrough, N. J,, Farr, A. L., & Randall, R.
J. (1951) J. Biol. Chem. 193, 265-275.

Patzelt-Wenczler, R., Pauls, H., Erdmann, E., & Schoner, W.
(1975) Eur. J. Biochem. 53, 301-311.

Post, R. L., Kume, S., Tobin, T., Orcutt, B., & Sen, A. K.
(1969) J. Gen. Physiol. 54, 306s-326s.

Post, R. L., Toda, G., & Rogers, I. N. (1975) J. Biol. Chem.
250, 691-701. '

Racker, E., Riegler, C., & Abdel-Ghany, M. (1984) Cancer
Res. (in press).

Schén, R., Schonfeld, W., & Repke, K. R. H. (1970) Acta
Biol. Med. Ger. 24, K61-65.

Schoot, B. M., DePont, J. J. H. H. M., & Bonting, S. L.
(1978) Biochim. Biophys. Acta 522, 602~613.

Shotwell, O. L., Stodola, F. J., Michael, W. R., Lindenfelser,
L. A, Dworschack, R. G., & Pridham, T. G. (1958) J. Am.
Chem. Soc. 80, 3912-3915.

Skou, J. C., & Naorby, J. G, ed. (1979) in Na,K-ATPase,
Structure and Kinetics, Academic Press, New York.

Stekhoven, F. S., & Bonting, S. L. (1981) Physiol. Rev. 61,
1-76.

Stone, D. K., Xie, X.-S., & Racker, E. (1983) J. Biol. Chem.
258, 4059-4062.

Stone, D. K., Xie, X.-S., & Racker, E. (1984) J. Biol. Chem.
(in press).



