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Sesquiterpenes produced by truncated taxadiene synthase
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Abstract

Soluble, highly active N-terminal truncated taxadiene synthase catalyzes the formation of an isomeric
mixture of taxadienes from geranylgeranyl diphosphate. Farnesyl diphosphate was also found to be a
good substrate, producing four sesquiterpenes which were characterized. The dual activities of taxadiene
synthase and product inhibition caused by sesquiterpene metabolites make it imperative that active
GGDP synthase be present in order for multi-enzyme systems to follow the taxol pathway in vitro.
© 2000 Published by Elsevier Science Ltd.

In the biosynthesis of the diterpenoid taxol, the first committed step is the conversion of
geranylgeranyl diphosphate(GGDP) into taxadiene, catalyzed by a single enzyme, taxadiene
synthase (TS).1 Attempts to express the full length amino-acid sequence of this enzyme in E. coli
led to intractable inclusion bodies. Truncation of the N-terminal end produced soluble highly
active enzyme (TS79H).2 Using this overexpressed truncated taxadiene synthase, we have found
that the enzyme is somewhat nonspecific, producing a mixture of taxa-4(5), 11(12)-diene (1)
(87%) and taxa-4(20), 11(12)-diene (2) (13%) from geranylgeranyl diphosphate (GGDP) (Scheme
1).3,4

Diterpene cyclases use GGDP as substrate, while sesquiterpene cyclases utilize farnesyl
diphosphate (FDP). In general these classes of cyclase have rigorous substrate requirements.
Although diterpene cyclases are theoretically capable of binding and turning over smaller
substrates such as FDP, it is uncommon to find a diterpene cyclase which exhibits dual or triple
substrate activity. In a mutagenetic analysis of taxadiene synthase, we changed the histidine-579
residue to aspartate, the preferred residue for most FDP cyclases, and compared the activity of
the resulting enzyme to that of truncated wild-type taxadiene synthase. To our surprise, the
latter synthase readily accepts FDP, producing larger quantities of the same product mixture as
that produced by the mutant, as shown by GC analysis.5,6
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Scheme 1.

Five major peaks present in the ratio 21:4:16:28:31 were separated by preparative GC and
characterized as E-b-farnesene (3), a-curcumene (4), E,E-a-farnesene (5), g-curcumene (6), and
E-g-bisabolene (7) (Scheme 2).7

Scheme 2.

All five compounds were detected in a fresh extract, with 4 as the minor component. On
standing in air, 4 became dominant while 6 and 7 were not detectable, indicating that 4 is an
oxidation product of these metabolites.
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Although there is no report whether the native enzyme isolated from the Pacific yew accepts
FDP, we have demonstrated that truncated taxadiene synthase accepts FDP as substrate,
producing a mixture of the four sesquiterpenes (excluding a-curcumene, 4), 8 and the thio-
redoxin fusion taxadiene synthase was also found to utilize FDP as substrate.9 It is therefore
possible that native taxadiene synthase accepts FDP. Homology search shows that the C-termi-
nal domain of taxadiene synthase shares 44% identity with that of E-a-bisabolene synthase from
Abies grandis, indicating a possible common origin of the sesquiterpenoid and diterpenoid
cyclases which would be responsible for the cross reactivity. Coincubation of equal concentra-
tions of FDP and GGDP provided evidence that GGDP is not the preferred substrate of the
cyclase.10 The dual activity of taxadiene synthase makes this enzyme a very interesting target in
the engineering of the taxol pathway. In addition, we found strong inhibition caused by the
sesquiterpene products when performing kinetic studies with purified enzymes.11 It is now clear
that in order to synthesize taxol efficiently, an active form of GGDP synthase should be present
in multi-enzyme syntheses in vitro, to avoid entering the sesquiterpene manifold.
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