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Streptonigrin (SN) is a quinoid antibiotic which has been isolated 

from Streptomyces flocculus (Rao, et al., 1963). This agent inhibits 

net DNA synthesis in bacterial cells, initiates bacterial DNA degrada- 

tion, and induces phage production in lysogenic bacteria (Levine and 

Borthwick, 1963). In addition, SN causes chromosome breakage in 

human leukocytes cultured in vitro (Cohen, et al., 1963), and it is under 

investigationas a potential anti-tumor agent inman (Harris, et al., 1964). 

In this paper, we report a unique effect of SN which may well repre- 

sent the basis for its action on biosynthetic processes and its cytotoxi- 

city in the systems described above. This effect involves the catalytic 

oxidation of intra- and extra-mitochondrial DPNH andof extra-mitochon- 

drial TPNH. The oxidation is sensitive to dicoumarol and thus is presum- 

ably mediated by the enzyme DT diaphorase (Ernster, et al., 1962a). 

However, unlike the oxidation of DPNH and TPNH mediated by DT diapho - 

rase through vitamin K3 (Conover and Ernster, 1962). that induced by SN 

is characterized by insensitivity to antimycin A and cyanide, and by a 

complete lack of respiratory control. However, SN-dependent respira- 

tion is sensitive to EDTA and is accompanied by the formation of HZOZ. 
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Methods: Mitochondriawere prepared from rat liver in 0.25 M sucrose 

as described by Ernster, et al. (1962b). DT diaphorase was purified 

from the soluble supernatant fraction of rat liver homogenates by the 

method of Ernster, et al. (1962a). Glutathione peroxidase was pre- 

pared from rat liver homogenates and from sheep erythrocytes (Hoch- 

stein and Cohen, 1964). Incubations were carried out in Tris buffer, 

0.025 M, pH 7.4 at 2Z”-240 C. The exact compositions of the reaction 

media are described in the legends to the figures and table. DPNH 

and TPNH disappearance were measured spectrophotometrically at 

340 mu. Reduced glutathione was determined by the DTNB method 

(Beutler, et al., 1963). Inorganic phosphate was analyzed by the pro- 

cedure of Martin and Doty (1949). Oxygen consumption was measured 

polarographically with a Gilson Oxygraph fitted with a Kahn vibrating 

platinum electrode (Kahn, 1964). 

Results: A suspension of rat liver mitochondria incubated with gluta- 

mate consumed low amounts of oxygen until ADP was added to the sys- 

tem (Figure 1). With ADP good respiratory control was established 

with the P/O approaching 3. Amytal blocked this respiration. In the 

presence of vitamin K3 an amytal-insensitive bypass of respiration 

was observed as reported by Conover and Ernster (1962). This K3 

dependent respiration was sensitive to cyanide. However, the addition 

of catalytic amounts of SN established a new amytal- and cyanide- 

insensitive respiration which, in turn, was blocked by dicoumarol. 

SN-induced respiration in the presence of glutamate was not de- 

pendent on phosphate acceptor (ADP), as shown in Figure 2. The P/O 

was zero, and the respiration was completely uncoupled. Antimycin A 

had no effect on SN-catalyzed respiration, although this agent inhibits 
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respiration mediated by K3. In addition, EDTA, which had no effect on 

respiration with K3, completely blocked SN-induced oxygen consumption. 

The sensitivity of the SN-induced respiration to dicoumarol indicated 

the involvement of endogenous mitochondrial DT diaphorase in mediat- 

ing the transfer of electrons from intra-mitochondrial DPNH to SN. 

Figure 3 shows how in the presence of purified DT diaphorase SN 

also catalyzed an oxidation of extra-mitochondrial DPNH. Again, this 

respiration was not dependent upon the presence of ADP, but was inhi- 

bited by EDTA (as well as by dicoumarol). Vitamin K3 re-established 
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Fig. 1. Dicoumarol-sensitive res- 

piration catalyzed by Streptonigrin. 
Basal medium contained in the fol- 
lowing final concentrations: Tris, 

25 mM; MgCl2, 5 mM; KP04, 10 

mM. Additions: mitochondria, 4. 5 

mg. protein; Glutamate, 10 mM; 
ADP, 1.0 mM; Amytal, 1. 5 mM; 
Kg, 0.01 mM; KCN, 1.0 mM; SN, 

0.01 mM; Dicoumarol, 0.015 mM. 
Final Volume: 1. 5 ml. 
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Fig. 2. EDTA-sensitive respira- 

tion catalyzed by Streptonigrin. The 

basal medium was as described in 
Fig. 1. Additions were as follows: 

mitochondria, containing 4. 5 mg. 

protein; Glutamate, 10 mM; SN. 0.01 

mM; Antimycin A, 5 ug; EDTA 1. 5 
mM. Final Volume: 1. 5 ml. 

the EDTA-sensitive respiration, and this respiration then became sen- 

sitive to cyanide {as well as to antimycin A). Identical results were 

obtained when TPNH was substituted for DPNH in these experiments. 

Experiments not presented in this preliminary report have demon- 

strated that purified DT diaphorase - with no acceptor other than oxygen - 

will mediate the oxidation of DPNH and TPNH (as measured spectro- 

photometrically and polarographically) in the presence of catalytic 

amounts of SN in a dicoumarol- and EDTA sensitive fashion. 
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The catalytic action of SN in mediating DPNH and TPNH oxidation 

and its sensitivity to EDTA, suggested that SN was alternating between 

reduced and oxidized forms with the resultant generation of hydrogen 

peroxide. That this was indeed the case in shown in Table 1. In the 

presence of catalytic amounts of SN, and a highly purified preparation 

of glutathione peroxidase, the peroxide formed through the oxidation of 

DPNH or TPNH could be coupled to the oxidation of reduced glutathione. 
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F&Q+ 3. SN-catalyzed oxidation 

of extra-mitochondrial DPNH. 

The basal medium was as des- 

cribed in Fig. 1. Additions were 
made as follows: Mitochondria 

ccntaining 4. 5 mg. protein; DT 
diaphorase, 300-fold purified 

and capable of reducing 5 u- 
moles DCPIP/min., DPNH, 0.6 
mM; SN, 0.01 mM; ADP, 1.0 

n-&l; KCN, 1.0 mM. The final 
volume was 1. 5 ml. 
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Table 1. The oxidation of reduced glutathione (GSH) by catalytic amounts 
of SN. The basal medium was as described in Figure 1 and, in addition, 

contained the following: Mitochondria, 4. 5 mg. protein; DT diaphorase, 

(as described in Figure 3); DPNH, 0.6 mM; GSH, 0.6 mM. Where indi- 

cated the following were also added: SN. 0. 01 mM; EDTA, 1. 0 mM; 

GSH peroxidase, a preparation purified 600-fold and essentially free of 

catalase. The final volume was 2.0 ml. and the reactions were run 

for 20 minutes. 

Additions A GSH (umoles) 

1. None 0.05 
2. Streptonigrin 0.05 

3. Streptonigrin, GSH Peroxidase 1.05 

4. Streptonigrin, GSH Peroxidase, EDTA 0.03 

Discussion: From the results described above it is concluded that SN 

catalyzes an oxidation of intramitochondrial DPNH via mitochondrial DT 

diaphorase. SN may also catalyze a similar oxidation of extramitochondrial 

DPNH or TPNH with DT diaphorase purifiedfromthe soluble fraction of 

the cell. Unlike vitamin K3 -dependent oxidation of DPNH or TPNH medi - 

ated by the same enzyme, SN-induced oxidation is not coupled to phos- 

phorylation but leads instead to the generation of hydrogen peroxide. We 

visualize that SN is reduced by DPNH or TPNH and undergoes a rapid, 

metal-catalyzed (EDTA-sensitive) autoxidation resulting in the formation 

of hydrogen peroxide and the regeneration of the quinoid form of SN 

which is again available for enzymatic reduction. It should be mentioned 

that we have observed a dicoumarol-insensitive reduction of SN to take 

place in other tissues which is presumably not mediated by DT diaphorase. 

It should also be noted that, whereas in a tissue suchas liver the re- 

duction of SN may lead to its conjugationand detoxication, in other tissues 

and cells SN may be an extremely cytotoxic compound. We view its 

toxicity as resulting from the operation of one or more of the following 

effects: 1) depletion of cellular DPNH and TPNH, 2) uncoupling of phos - 
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phorylation anddepletion of cellular ATP, and 3) formation of peroxide. 

In this last connection, it is pertinent to note that we have previously 

shown that glutathione peroxidase represents a major pathway for 

hydrogen peroxide detoxication, even in catalase -rich cells (Cohen and 

Hochstein, 1963, 1964). Thus cells exposed toperoxide either directly 

or through the autoxidation of phenolic compounds such as reduced SN, 

may undergo extensive damage under conditions in which reduced 

glutathione is depleted, e. g. in the absence of DPNH or TPNH required 

for glutathione reductase activity. 

We suggestthat the effects of SN on cellularbiosynthetic processes 

are consequent to its profound action on electron transport and the 

associated formation of hydrogen peroxide. 

Acknowledgements: We thank Mrs. Elizabeth Kroe and Miss Rhoda 
Wong for excellent technical assistance. This work was supported in 
part by grants from the National Science Foundation (GB-1416) and 

The American Cancer Society (P-363). 

References 

Beutler, E. , Dron, 0. , and Kelly, B. M. , J. Lab. Clin. Med. 61: - 
882, (1963) 

Cohen, G. and Hochstein, P., Biochemistry 2: 1420 (1963) 

Cohen, G. and Hochstein, P., Biochemistry 3: 895 (1964) 
Cohen, M. M., Shaw, M. W., and Craig, A.-P., Proc. Nat. Acad. 

Sci. 50: 16 (1963) 

Conover,T. and Ernster, L., Biochem. Biophys. Acta 58: 189 (1962) 

Ernster, L., Danielson, L., and Ljunggren, M., Biochem. Biophys. 
Acta 58: 171 (1962a) 

Ernster, LT Siekovitz, P., andpalade, G., J. CellBiol.15:541 (196213) 
Harris, M. N., et al., Cancer Research 24: 25 (1964)- 

Hochstein, P. and Cohen, G. In preparation (1965) 

Kahn, J., Anal. Biochem. 9: 389 (1964) 

Levine, M. and Borthwick, N. , Virology 21: 568 (1964) 
Martin, J. B. and Doty, D. M., Anal. Ch&. 21: 965 (1949) 

Rao, K. V., Biemann, K., and Woodward, R. B., J. A. C. S. 

85: 2532 (1963) - 

295 


