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Research objective 

Actinomycetes produce a variety 

of secondary metabolites with 

remarkable biological activities and 

complex molecular architectures. In 

Streptomyces rochei 7434AN4, a 

multigene mutant accumulated the 

azoxyalkene compound KA57A 

(Figure 1A)1. This compound 

contains a unique azoxy bond, and 

genomic analysis2 revealed no 

homologous genes for known N-N 

bond-forming enzymes, suggesting 

a novel enzyme. The strain also 

accumulated hydrazide compounds 

KA57D1 and KA57D2 (Figure 1B)3. Labeled amino acid incorporation experiments revealed 

that KA57-A originated from serine, KA57D1 from valine, and KA57D2 from isoleucine, 

indicating broad substrate specificity for the N-N bond-forming enzyme. This study aims to 

elucidate the biosynthetic machinery of azoxyalkene compounds through gene disruption 

analysis of the KA57A biosynthetic genes, enzyme conversion experiments of possible 

biosynthetic substrates, and screening for related biosynthetic genes.  

 

Methods 

The putative biosynthetic pathway of KA57A is shown in Figure 2. First, hexylamine and 

serine are condensed followed by the rearrangement and oxidation of a hydroxylamine 

intermediate to form an azoxy (N=N+–O–) bond. Subsequent enzymatic steps yield 1',2'-

dihydroKA57A, with C1'-C2' desaturation producing KA57A (Ref. 1). Furthermore, by 

comparing the biosynthetic gene clusters of KA57A, valanimycin, and maniwamycin (Figure 

Figure 1. (A) Structures of azoxyalkene compounds 

   (B) Hydrazide-alkene compounds detected from S. rochei strain KA57 



1)4, we identified shared genes, including N-hydroxylase and kinase. In this study, we planned 

to comprehensively elucidate the biosynthetic pathway by analyzing the metabolites in various 

gene disruptants. 

 

Results 

The genome of Streptomyces sp. TOHO-M025, a maniwamycin producer, was determined 

by next-generation sequencing. Comparison of the KA57A biosynthetic gene (azx) cluster2 

with maniwamycin genes revealed shared genes, including N-hydroxylase (M025-432, 

SRO_1832) and kinase (M025-426, SRO_1821) (Table 1). Comprehensive gene disruption of 

these genes was performed, followed by metabolite analysis. Similar to valanimycin disruptants, 

the N-hydroxylase disruptant produced no azoxyalkenes,  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Biosynthetic pathway of azoxyalkene KA57A and hydrazide-alkenes KA57D1 and KA57D2 



confirming its essential role in biosynthesis. Metabolite analysis of the kinase gene, SRO_1821, 

revealed that KA57A was produced in approximately 10% of the parental strain; this suggests 

that housekeeping (or other functional) kinases may substitutes for this gene. Trace 

metabolites in this disruptant were identified, and structural analysis is ongoing to further 

elucidate the biosynthetic mechanism. 

 

Conclusion 

I Recent studies have explored N-N bond formation in natural products, but no genes 

corresponding to pathways such as cremiomycin (nitrite production) or s56-p1 (hydrazone 

unit) were identified in the KA57A biosynthetic gene cluster of the S. rochei genome1 or in 

maniwamycin-producing strains4). Nonetheless, the biosynthesis of azoxyalkene compounds 

valanimycin and azodyrecin has been reported recently5, 6. The intermediate formed by the 

condensation of hydroxylamine with an amino acid is isomerized by VlmO, followed by the 

formation of an azo group (N=N) and an azoxy group (N=N+–O–) by VlmB 5, 6). This suggests 

the diversity of N-N bond-forming enzymes. In this study, we demonstrated that KA57A-

producing bacteria utilize diverse amino acids to form hydrazides3). This strongly suggests 

substrate flexibility of the nitrogen-nitrogen bond-forming enzyme, and elucidating the 

molecular basis of this enzyme could enable the design of novel bioactive molecules that 

surpass natural products. 
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