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Summary: E-3-Methyl-3-pentenyl diphosphate acted as an artificial substrate

in the reaction with E,E-farnesyl diphosphate catalyzed by undecaprenyl
diphosphate synthase of Bacillus subtilis. The synthase reaction with this
substrate proceeded in the same stereochemical manner as that with the natural
substrate, 3-methyl-3-butenyl diphosphate, but i1t had a full stop at the stage
of one step condensation, thereby forming a chiral compound, (Z,E,E)-(S)-4-~

methylgeranylgeranyl diphosphate.

From mechanistic and synthetic viewpoints, prenyltransferase reactions
are unique and attractive in that the polymerization of isoprene units
proceeds stereospecifically and terminates precisely when the chains reach
certain lengths. For example, farnesyl diphosphate synthase (FPP synthase)
[BC 2.5.1.10] catalyzes the consecutive condensation of two molecules of
isopentenyl diphosphate (IPP) with dimethylallyl diphosphate (DMAPP) to give
E,E-farnesyl diphosphate (FPP), whereas undecaprenyl diphosphate synthase
(UPP synthase) catalyzes the polymerization of eight molecules of IPP with FPP
as the primer to give E,E-farnesyl-all-Z-octaprenyl diphosphate (undecaprenyl
diphosphate, UPP) [EC 2.5.1.311].

Previous studies using a number of artificial substrates have shown that
the size of the hydrocarbon moiety of product 1s decisive in the termaination
of the chain elongation by FPP synthase.1'7 This paper, however, reports that
the introduction of a methyl group at C-4 of IPP causes the UPP synthase
reaction to have a full stop at the stage where a single condensation of the

C. homolog with the FPP praimer 1s completed to form a chiral Csq compound.
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First, the substrate specificity of UPP synthase was examined with the
following homologs of IPP, E-3-methyl-3-pentenyl diphosphate (1), Z-3-methyl-
3-pentenyl diphosphate (2), and 3-ethyl-3-butenyl diphosphate (3), all known
to act as substrates for FPP synthase. Only 1, however, was found to act as a
substrate for UPP synthase 1n the reaction with FPP. The incubation mixture
contained, in a final volume of 1 ml, 1 umol of a homolog to be examined, 0.3
nmol of [1-'%CIFPP, 100 umol of Tris-HCl buffer (pH 8.5), 0.5 umol of MgCl,,
5 mg of Triton X-100, and 4.8 mg protein of UPP synthase. The enzyme fraction

was prepared from Bacillus subtilas cells8 and was free from any other

prenyltransferases. After incubation at 37°C for 24 h the mixture was
extracted with 1-butanol, and the extract was treated with acad phosphatase.9
The hydrolysate was extracted with pentane and chromatographed on silica gel
TLC with benzene/AcOEt (9/1). The scanning of the developed plate for the
product of 1 showed two radioactivity peaks attributed to a new product and
the farnesol recovered from the primer. The Rf value of the product was
larger than that of all-E-geranylgeraniol but smaller than that of all-E-
decaprenol. The mass spectrum of this alcohol exhibited peaks at m/z 304(M,
C21H36°)' 286 (M-18), 217(M-18-69), 149(M-18-69-68), 81, and 69, indicataing
that the alcohol was a 4-methyl derivative of geranylgeraniol. The alcohol
was further cochromatographed on TLC waith authentic (2,E,E)-4-methyl
geranylgeranlol,10 which migrated faster than i1ts all-E isomer. For
determination of the absolute structure, 425 ug of the alcohol obtained by an
800 ml incubation was subjected to ozonolysis. The 3-methyllevulinic acaid (5)
thus obtained showed a CD spectrum wath [9]280= -3600°t 700°. For
configurational correlation, both (S)- and (R)-3-methyllevulinic acids were
prepared by respective ozonolysis of (S)- and (R)-4-methylfarnesol synthesized
by the FPP synthase method,7 and the S isomer showed a CD spectrum with
(81,g0= -3200 °x 200°. 11 Thus, the product of the UPP synthase reaction of 1
with FPP was proved to be (S)-(Z,E,E)-4-methylgeranylgeranyl diphosphate (4)
with an enantiomeric excess of 100% within experimental error. The yield of

4 based on the substrate, [1—14C]FPP was 11.4%. No product other than 4 was

detected.
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The formation of 4 indicates that the reaction of 1 occurs in the same
stereochemical manner as that of IPP but in a different manner in that the
reaction of 1 1s limited to a single condensation. This catalysis may be
synthetically useful like the case of FPP synthase as demonstrated

prev1ously.12'13

The stringent specificity of this enzyme, taken in
conjunction with the full stop at C21, 1s of great interest, because it
contrasts with the case of FPP synthase, which accepts both 1 and 2 and gives

products which are even longer than the normal product.
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