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SUMMARY 

Aquayamycin inhibits partially purified tryptophan 5-monooxy- 
genase of guinea-pig brainstem about 40 and 80% at 0.1 and 1 @$ 
respectively. The inhibition is not competitive g$th respect to 
substrate, DMPH4"" or Fe++ but is reversed by DTT Tryptophan 
2,3-dioxygenase was also inhibited almost completeli at 2 @, but 
other oxygenases including metapyrocatechase, protocatechuate 3,4- 
dioxygenase, lysine monooxygenase and imidazoleacetate monooxygen- 
ase were not inhibited at all at 1 @. 

INTRODUCTION 

Aquayamycin is a new antibiotic discovered by Sezaki et al. 

* This investigation has been supported in part by Public 
Health Service Research Grants No. CA-04222, from the National 
Cancer Institute, and No. AM-10333, from the National Institute of 
Arthritis and Metabolic Diseases; and grants from the Squibb Insti 
tute for Medical Research, and the Scientific Research Fund of the 
Ministry of Education of Japan. 

** The abbreviations used are: DMPH 2-amino-4-hydroxy-6,7- 
dimethyl-5,6,7,8-tetrahydropteridine; D&, dithiothreitol. 
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from a strain of Strentomvces (l), and its structure was recently 

established to be 9-(4,5-dihydroxy-6-methyltetrahydro-2-pyranyl)- 

3,4,4a,l2b-tetrahydro-3,4a,8,12b-tetrahydroxy-3-methyl-benz[a]- 

anthracene-1,7,12(2H)-trione (2). It was reported to be a potent 

OH 0 

Structure of Aquayamycin 

inhibitor of tyrosine hydroxylase (3), an NADPH-linked pteridine 

containing monooxygenase and dopamine P-hydroxylase (4), an ascor- 

bate requiring copper containing monooxygenase. These authors 

suggested that the mechanism of inhibition was probably due to the 

chelating action of aquayamycin on enzyme bound metal ions. In 

order to test whether or not aquayamycin inhibits other metal con- 

taining oxygenases and to investigate a possibility that this anti- 

biotic may be a general inhibitor of oxygenases acting as a scaven- 

ger of active oxygen, we have studied the inhibitory action of 

aquayamycin on various crystalline or partially purified prepara- 

tions of both dioxygenases and monooxygenases prepared in our labo- 

ratory. Although a number of oxygenases containing metal ions were 

completely insensitive to aquayamycin, tryptophan 5-monooxygenase 

of guinea-pig brainstem and tryptophan 2,3-dioxygenase (tryptophan 

pyrrolase) of Pseudomonas were found to be extremely sensitive to 

aquayamycin. This communications describes a preliminary account of 
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the mechanism of inhibition of tryptophan 5-monooxygenase of guinea- 

pig brain by aquayamycin. 

MATERIALS AND METHODS 

Crystalline aquayamycin was prepared according to Seeaki et al. 

(1). L-Tryptophan-(side chain-l- 14C) (9 mci per mmole) was pur- 

chased from New England Nuclear Corporation and purified by parti- 

tion chromatography on Sephadex G-25 column (5). DMPH4 and DTT 

were obtained from Calbiochem. 5-Hydroxy-L-tryptophan-(side chain- 

1,2,3-14C) was prepared from L-serine- 14 C (uniformly labeled, 160 

mci per mmole) which was obtained from the Radiochemical Centre, 

Amersham, England and 5-hydroxyindole which was obtained from Sigma 

using tryptophan synthetase from g. &, T3 mutant (6) and puri- 

fied by charcoal treatment, Dowex 1 column and partition chromato- 

graphy on Sephadex G-25 column (5). 

The homogenate of guinea-pig brainstem in 2 volumes of 10 @ 

Tris-acetate buffer , pH 8.1 was centrifuged for 30 min at 105,000 

X g and the resulting supernatant was used as tryptophan 5-mono- 

oxygenase (5). Tryptophan 5-monooxygenase was assayed by measuring 

the rate of l4 CO2 evolution from L-tryptophan-(side chain-l-14C) as 

substrate as described before (5). The standard assay mixture (0.5 

ml) contained 50 vmoles of Tris-acetate, pH 8.1, 100 nmoles of 

pyridoxal phosphate, 5 to 10 units of aromatic L-amino acid decar- 

boxylase which was partially purified from bovine brainstem, 30 pg 

of catalase, 1 pmole of fl-mercaptoethanol, 500 nmoles of DMPH 4' 5 
nmoles of ferrous ammonium sulfate, 5 nmoles of L-tryptophan-(side- 

1-14C) (35,000 cpm) and 0.1 ml of the enzyme. The reaction was 

carried out for 60 min at 37". 

5-Hydroxy-L-tryptophan decarboxylase was determined by measur- 
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ing the rate of 14 CO2 evolution from 5-hydroxy-L-tryptophan-(side 

chain-1,2,3-14C) employed as substrate (5). The assay system con- 

tained 20 pmoles of Tris-acetate , pH 8.8, 50 nmoles of pyridoxal 

phosphate, 2.83 nmoles of 5-hydroxy-L-tryptophan-(side chain-1,2,3- 

14 C) (34,000 cpm) and a suitable amount of enzyme preparations in a 

final volume of 0.2 ml. The reaction was carried out for 30 min at 

37". 

Tryptophan 2,3-dioxygenase was extracted from cells of Pseudo- 

monas fluorescens grown in a medium containing 0.13% L-tryptophan 

as inducer and purified by ammonium sulfate fractionation, heat 

treatment and DEAH-cellulose chromatography (7). The enzyme activ- 

ity was assayed spectrophotometrically by measuring the increase in 

absorbance at 321 rnp at 24" (7). The standard assay mixture con- 

tained 250 pmoles of potassium phosphate buffer, pH 7.0, 20 pmoles 

of L-tryptophan, 10 pmoles of L-ascorbic acid and a suitable amount 

of enzyme in a final volume of 2.5 ml. The experiments of trypto- 

phan 2,3-dioxygenase was carried out in collaboration with Miss 

Hiroko Nakano. 

Metapyrocatechase was crystallized from Pseudomonas arvilla 

and assayed spectrophotometrically by Dr. Mitsuhiro Nozaki (8). 

Crystalline protocatechuate 3,4-dioxygenase was prepared from 

Pseudomonas aeruginosa and assayed spectrophotometrically (9). 

Imidazoleacetate monooxygenase was crystallized from Pseudomonas 

spa and assayed spectrophotometrically (10) by Dr. Hiroshi Okamoto. 

Crystalline lysine oxygenase was prepared from Pseudomonas fluores- 

tens and assayed polarographically (11, 12) by Dr. Teruko Nakazawa. 

RESULTS AND DISCUSSION 

Tryptophan 5-monooxygenase, first and probably the rate-limit- 
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Table I 

Inhibition of trvptophan 5-monooxygenase b-y acuavamvcin - 

The reaction mixture contained the standard assay mixture and 
aquayamycin (concentrations as indicated) in a final volume of 
0.50 ml. 

Aquayamycin 
concentration 

Tryptophan 5-monooxygenase 

Activity Inhibition 

3 pmole/hour 

0 30.6 

10-7 19.3 

1O-6 6.9 

10-5 0.3 

10-4 0 

% 

37 

78 

92 

100 

ing enzyme in the biosynthetic pathway of serotonin, is extremely 

sensitive to aquayamycin (Table I). Almost 40 and 80% inhibitions 

were observed at concentrations of 0.1 pIj and 1 ~.IM aquayamycin res- 

pectively. At concentrations above 10 a, inhibition was essen- 

tially complete. Other quinones, including coenzyme Q7 and vitamin 

K3' were not inhibitory at 1 @J. 5-Hydroxytryptophan decarboxylase 

activity was inhibited about 10% by 10 J@ aquayamycin. Since the 

effect of aquayamycin on tyrosine hydroxylase (3) and dopamine /3- 

hydroxylase (4) was suggested to be due to chelating activity and 

ferrous ion appeared to enhance the activity of tryptophan 5-mono- 

oxygenase, the effect of ferrous ion was tested. As shown in Fig. 

1, ferrous ion itself stimulated the activity by 20 to 30s below 10 

@J but is rather inhibitory above 100 @, but the inhibition by 

aquayamycin was not affected at all by Fe++. On the other hand, the 
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Fig. 1. Effect of Fe++ 
oxygenase by aquayamycin and 
contained the standard assay 
compounds as indicated. The 

5x10+ 
[Fe*'1 M 

on the inhibition of tryptophan 5-mono- 
a,a'-dipyridyl. The reaction mixture 
mixture without ferrous ion and the 
concentrations of aquayamycin and a,a’- 

dipyridyl were 1 e and 40 mM, respectively. 

inhibition by a,a'-dipyridyl (about 80% at 400 @) was partially 

counteracted by the addition of 300 @J ferrous ion. Crystalline pre- 

parations of neither metapyrocatechase, a typical dioxygenase con- 

taining Fe++, nor protocatechuate 3,kdioxygenase, a typical dioxy- 

genase containing Fe+'+, were inhibited at all by aquayamycin at a 

concentration of 10 @. Crystalline preparations of neither lysine 

monooxygenase nor imidazoleacetate monooxygenase were inhibited by 

10 @J aquayamycin, indicating that this antibiotic is not a general 

inhibitor of monooxygenase reactions. 

The inhibition of tryptophan 5-monooxygenase by aquayamycin 

was not competitive with respect to substrate and was not affected 

by increasing the concentration of DMPH4 up to 2 m&'J with the aquaya- 

mycin concentration of 1 @. However, this inhibition was partially 

reversed by DTT and other sulfhydryl compounds (Table II). The en- 
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Table II 

Effect of sulfhvdryl compounds and ascorbic acid on the -- --- 
aauavamycin inhibition of trsptophan 5-monooxyg enase - 

The reaction mixture contained the standard assay mixture with- 
out fi-mercaptoethanol and the compounds as indicated. The concen- 
tration of sulfhydryl compounds and ascorbic acid was 10 a. 

Tryptophan 5-monooxygenase activity 
Additions Without lO-6 M % 

aquayamycin aquayamycin inhibition 

pmole/hour pmole/hour % 

None 22.6 6.1 73 

&Mercaptoethanol 52.2 10.1 81 

DTT 96.8 89.3 8 

L-Glutathione 89.8 48.8 46 

L-Ascorbic acid 31.2 7.6 76 

zyme activity was stimulated by sulfhydryl compounds and ascorbic 

acid, but the inhibition of aquayamycin was counteracted most effec- 

tively by high concentrations of DTT. In contrast, highly purified 

preparations of tryptophan 2,3-dioxygenase, heme-containing dioxy- 

genase, was completely inhibited by 2 @J aquayamycin but the latter 

inhibition was not reversed by DTT and other sulfhydryl reagents. 

The possibility that the inhibitory action of aquayamycin is due to 

a chelating action appears unlikely and further studies are now in 

progress to elucidate the mechanism of inhibition of tryptophan 5- 

monooxygenase and tryptophan 2,3-dioxygenase by aquayamycin. 

Acknowledgement: The authors are indebted to Drs. M. Nozaki, 
H. Okamoto and T. Nakazawa and Miss H. Nakano for their collabora- 
tions and useful discussions. 

649 



Vol. 39, No. 4,197O 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

Hara, T., Ayukawa, S., Takeuchi, T., Okami, Y., 
Nagatsu, T., and Umezawa, H., J. Antibiotics, 2l, 

Seeaki, M., 
Hamada, M., 
91 (1968). 
Sezaki, M., 
Tetrahedron, in press. 

Kondo, S., Maeda, K., Umezawa, H., Ohno, M., 

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

REFERENCES 

Ayukawa, S., Takeuchi, T., Sezaki, M., Hara, T., Umezawa, H., 
and Nagatsu, T., J. Antibiotics, 2l, 350 (1968). 
Nagatsu, T., Ayukawa, S., and Umezawa, H., J. Antibiotics, 2, 
354 (1968). 
Ichiyama, A., Nakamura, S., Nishizuka, Y., and Hayaishi, O., 
J. Biol. Chem., in press. 

Yanofsky, C., J. Biol. Chem., 224, 783 (1957). 
Ishimura, Y., Okazaki, T., Nakazawa, T., Ono, K., Nozaki, M., 
and Hayaishi, O., in K. Bloch and 0. Hayaishi (Editors), 
Biological and chemical aspects of oxygenases, Maruzen Com- 
pany, Ltd., Tokyo, 1966, p. 416. 
Nozaki, M., Kagamiyama, H., and Hayaishi, O., Biochem. Z., 338, 
582 (1963). 
Fujisawa, H., and Hayaishi, O., J. Biol. Chem., 241, 2673 (1968). 
Maki, Y., Yamamoto, S., Nozaki, M., and Hayaishi, O., J. Biol. 
Chem., m, 2942 (1969). 
Takeda, H., and Hayaishi, O., J. Biol. Chem., 2&, 2733 (1966). 

Takeda, H., Yamamoto, S., Kojima, Y., and Hayaishi, O., J. Biol. 
Chem., 2&& 2935 (1969). 

650 


