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It has been previously established2 that tenellin (,4), a yellow pigment produced by the in- 

sect pathogenic fungi Beauueria teneZZa (Delacroix) Siem., and Beauueria buss&ma (Bals.) Vuill. 

is derived from acetate, phenylalanine, and methionine as illustrated schematically in Figure 1. 

It was shown that the carboxyl carbon of phenylalanine (i) migrates, ultimately becoming C-4 of 

tenellin. A plausible intermediate in the biosynthesis of tenellin would be a-fotmylphenylacetyl 

coenzyme A (5) which would yield the required carbon skeleton by condensation with the poly-B- 

keto acid derived from acetate, extra methyl groups being derived from methionine. 

This type of rearrangement of the phenylalanine side chain occurs in the biosynthesis of 

tropic acid ($), the acid moiety of the Dam alkaloids, scopolamine and hyoscyamine.3 It has 

been recently shown that the formation of tropic acid involves an intramolecular rearrangemnt 

of the carboxyl group.4 The nature of this rearrangement in the biosynthesis of tenellin has 

now been investigated by carrying out a feeding experiment with [1,3-1.%2]phenylalanine, in which 

the majority of labelled molecules contained two 13C atoms. If the rearrangement of the side 

chain is intramolecular, the resultant tenellin will contain two contiguous 1% atoms which would 

afford satellite peaks in the 13C-NMR, due to spin-spin coupling, symmetrically located about the 

corresponding singlet peaks arising from C-4 and C-5. An intermolecular migration of the car- 
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boxy1 group would afford no such satellite peaks, but would show enrichment of the singlet peaks 

at C-4 and C-5. 
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Figure 1. Biosynthesis of Tenellin 

&-[1-14C,1,3-13Cn]Phenylalanine (81% Ph13CH2CH(NHs)13COOH, 9% Ph13CH2CH(NHs)COOH, 9% 

PhCH2CH(NH2)13COOH, 8.77 x lo7 dpm/mM, 102.5 mg) was added to a culture of B. bass&ma which 

was just starting to show some yellow color. After 7 days tenellin was isolated and purified 

by chromatography on silicic acid. 5 Tenellin (207 mg) having an activity of 6.37 x lo6 dpm/n+i 

(7.3% specific incorporation) was obtained. The proton-noise decoupled 13C-NMR spectrum of this 

enriched material is illustrated in Figure 2. The chemical shifts were identical (2 0.1 ppm) 

with those previously reported. 6 Satellite peaks are apparent at C-4 and C-5 ('J 62 Hz). The 

specific incorporation was calculated by measurement of the integrated areas of Ic (the central 

Singlet peak) and Is (sum of the satellite peaks) using the following derivation: 
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Specific inc (x) = fraction of doubly labelled molecules in tenellin 
fraction of doubly labelled molecules in phenylalanine (A) 

also x = fraction of singly labelled molecules in tenellin 
fraction of singly labelled molecules in phenylalanine (B) 

I 
Thus F = r = -(1 

Ax 

C 
-x)0.011 + Bx 

(where (l-x)0.011 is the contribution due to natural abundance) 

Solving: x = A _ 
O.Ollr 
r B ( - 0.011) (1) 

Analysis of the triplets at C-4 and C-5 yielded an average value of r = 3.45. Substituting in 

equation (1) where A = 0.81 and B = 0.09, a value of x = 0.071 (7.1% specific incorporation) is 

obtained. This is in excellent agreement with the specific incorporation obtained from the 14C 

assay, indicating that essentially all the rearrangement of the phenylalanine is intramolecular 
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