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Biosynthesis of the Antibiotic Thermozymocidin. Incorporation of [1-l3C]Acetate: 
13C Nuclear Magnetic Resonance Study 
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Summary A 13C n.m.r. analysis of [1-l3C]acetate-derived 
thermozymocidin confirms the mixed biosynthesis of this 
antibiotic from serine and an acetogenine. 

I3C NUCLEAR MAGNETIC RESONANCE spectroscopy of natural 
compounds makes an important contribution to the study 
of the biosynthetic pathways involved.1 
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Incorporation experiments2 with [l*C]-labelled substrates 
revealed that the carbon skeleton of the microbial meta- 
bolite thermozymocidin is assembled from acetate units and 
L-serine. 

The non-degradative procedure of I3C n.m.r. can be used 
to examine whether or not acetate participates in the bio- 
synthesis of serine in thermophilic fungi. Furthermore, the 
distribution of the label gives indications about the possible 
intervention of propionate as a starting unit in the bio- 
synthesis of thermozymocidin, followed by loss of one carbon 
atom after coupling with serine. 

The incorporation of [l-13C]acetate (90%) was achieved 
on its addition (0.05 mg/ml) to a 1 day culture broth; the 
addition was repeated every 8 h. 1 Day after the first 
addition, isotope enriched thermozymocidin was isolated as 
previously described3 and converted into the soluble tri- 
acetyl-y-lactone (1). 

The 13C n.m.r. chemical shifts in the natural abundance 
of most of the 27 carbon atoms of (1) are: 172.9, 170.5, 170.2, 
169.5 (C-1, -22, -24, -26); 62.6 (C-2); 72.6 (C-3); 81.6 
(C-4); 32.3 (C-5); 123.7 (C-6); 135.2 (C-7); 31.7 (C-8); 29 
(C-9, -10, -11, -17); 23.9 (C-12, -16); 42.9 (C-13, 
-15); 212.2 (C-14); 32.5 (C-18); 22.6 (C-19, -23); 14 
(C-20) ; 63.4 (C-21) ; 20.4, 20-6 (C-25, -27). Assignments 
were made with the aid of (a) magnitudes and multiplicities 
of the residual splittings in the off-resonance CW decoupled 
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spectrum,* and (b) chemical shift comparison with straight- 
chain hydrocarbons.* 

The 13C selectively enriched spectrum of (1) (Figure) 
shows that alternate C-3-C-20 carbon atoms have been 
labelled. No significant incorporation at  C-1, C-2, and C-21 
can be observed. 

The mass spectrometric analysis demonstrated a differ- 
ence in the ratios M+ 1 /M for the labelled and unlabelled 
thermozymocidin triacetyl-y-lactone of 0.27. This corres- 
ponds to an average of 3% enrichment a t  each of nine 
positions or a total of 4.1% 13C (with natural abundance of 
l . l y o  13C included) at  each of the labelled carbons. 

The non-homogeneous distribution of the label could be 
observed by inspection of the isotope content of the frag- 
ment m/e 382 ( M  - CH,[CH,],COCH2): the label on C-3, 
C-5, C-’7, C-9, and C-11 shows an average of 4.3% 13C enrich- 
ment a t  each of the five positions. Therefore the label on 
C-13, C-15, C-17, and C-19 is lower than the average value 

The 13C n.m.r. spectrum of enriched thermozymocidin 
demonstrates that acetate does not participate appreciably, 
under the experimental conditions used, in the biosynthesis 
of serine and that the acetogeninic precursor is a polyketide 
of the type nC,, thus ruling out the propionate-acetate 
route. 
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