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Unusual Chain Elongation at the Reversed Face in the Biosynthesis
of (E,E)-Farnesol with the Enzyme System of Pisum sativuml)
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When (E,E)-farnesol was enzymatically synthesized from an
equimolar mixture of 3,3-dimethylallyl pyrophosphate and (E)- or
Q&)-[4-2H]isopenteny1 pyrophosphate (IPP) in the presence of
iodoacetamide with a farnesyl pyrophosphate synthetase fraction
prepared from Pisum sativum, the wunusual addition of allylic

residue to the re-re face of the carbon-carbon double bond of IPP
was found to occur. This finding was the first example of the
unusual chain elongation against Cornforth's stereochemical
picture for the biosynthesis of isoprenoids.

During the elongation of (Z)-prenyl chain in the biosynthesis of poly-

2—4) we have recently found the hydrogen elimination
5—38)

prenols in higher plants,
against Cornforth's basic picture for the stereochemistry of prenylation
in the Dbiosynthesis of isoprenoids. This finding prompted us to investigate
stereochemical features of the prenyl chain elongation in the biosynthesis of
isoprenoids in higher plants. In the course of the investigations, we found
occurrence of the unusual addition of allylic residue to the re-re face of the
c-C double bond of isopentenyl pyrophosphate (IPP) during the enzymatic
formation of (E,E)-farnesol from an equimolar mixture of 3,3-dimethylallyl
pyrophosphate (DMAPP; a primer in biosynthesis of isoprenoids) and IPP in the
presence of iodoacetamide (IAA; an inhibitor of IPP isomerase) with the farnesyl
pyrophosphate (FPP) synthetase fraction of Pisum sativum. In cases of uptake
of an equimolar mixture of DMAPP and IPP and uptake of only IPP as substrates in
the absence of IAA, on the other hand, the chain elongation occurred at the

si-si face of the C-C double bond of IPP following Cornforth's basic picture.

We here wish to communicate the new findings.

Incubation of DMAPP and regiospecifically deuteriated (E)-[4—2H]IPP9)
with the FPP synthetase fractionlz) in the presence of 10 mM of IAA produced
deuteriated farnesol. The presence of two deuteriums at c-4 and c-8

13) biosynthesized as above was proved by a decrease

methylenes of the farnesol

in the integral value of the 1H NMR methylene signal at § 2.05. Mass
spectroscopy of the farnesol showed the deuterium enrichment of 91%. Then, the
chirality at its C-4 and C-8 originating from the C-4 carbon atom of IPP was
determined by measuring circular dichroism curves of [4,8—2H2]farnesall4)

derived from the farnesol by active Mno,, oxidation and methyl



498 Chemistry Letters, 1987

0
20
-50
;‘ m
— 107 2, =100 |
-150 ¢
0
0 320 340 360 380 400
280 300 3 240 260 280 300 320
A/nm A /nm
Fig. 1. CD curve of [4,8-2H,]1- Fig. 2. CD curve of methyl [3-2H]-
farnesal derived from [4,8-2%H2]- levulinate resulted from [4,8-2H;]-
farnesol biosynthesized from DMAPP farnesol biosynthesized from DMAPP
and (E)-[4-2H]IPP with the FPP and (E)-[4-?H]IPP with the FPP
synthetase fraction from P. sativum. synthetase fraction from P. sativum.

15) derived from the farnesal by ozonolysis followed by

[3-2H]levulinate
methylation. The [4,8-2H2]farnesa1 *thus obtained exhibited a positive
Cotton effect attributed to the n—>Tm7 transition of a carbonyl chromophore
in the 290—390 nm region, as shown in Fig. 1 (see also Exp. 1 of Table 1). On
the basis of the fact that this methyl [3—2H]levulinate exhibited a negative
Cotton effect in the 260—310 nm region as shown in Fig. 2, the chirality at C-3

16,17) Thus, this chirality at

of the methyl levulinate was found to be R.
C-3 of the methyl 1levulinate definitely shows that the chirality at C-4 and C-8
of the deuteriated farnesol and farnesal are all R. Cornforth et al. have
established the addition of allylic residue to the si-si face of the C-C double
2H at C-4 and C-8 of

farnesol biosynthesized from (23)-[2—2H]mevalonic acid with the enzyme system
18)

bond of IPP on the basis of the steric positions of

of pig 1liver. This Cornforth's stereochemical picture clearly indicates

that, when farnesol was enzymatically synthesized from the equimolar mixture of

Table 1. CD maximum ([615,3) of deuteriated farnesal
enzymatically synthesized from the 2H—labeled substrates
Exp. Incubation Farnesal
No. Substrates conditionsa) [0]
343
i) DMAPP + (E)-[4-2H1IPP P +2140.4
1 ii) pmapp + (E)-[4-2H1IPP P +20£0.1
2 DMAPP + (2Z)-[4-2H1IPP P ~2540.1
3 DMAPP + (E)-[4-2H]IPP A ~110.3
4 DMAPP + (Z)-[4-2H]1IPP A +24£2
5 (E)-[4-H1IPP A -2043
6 (z)-14-2H]1IPP A +2045
a) "P" denotes incubation in the presence of IAA. "A" denotes

incubation in the absence of IAA.
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DMAPP and IPP in the presence of IAA, the addition of allylic residue to the C-C
double bond of IPP at the chain elongation process in the biosynthesis of our
(43,83)-[4,8-2H]farnesol occured at the re-re face of the IPP, as shown in
Scheme 1 (A).

Occurrence of the chain elongation at the reversed face (re-re face) of the
C-C double bond of IPP was further supported by such a fact that deuteriated
farnesal biosynthesized from DMAPP and (1)-[4—2H]IPP in the same manner as
above exhibited a negative Cotton effect, as shown in Exp. 2 of Table 1, in
contrast to the positive Cotton effect of the above-described deuteriated
farnesal obtained from DMAPP and (E)—[4—2H]IPP.

When farnesols were biosynthesized from an equimolar mixture of DMAPP and
(E)—[4—2H]IPP (Exp. 3 of Table 1) and from only (E)-[4—2H]IPP (Exp. 5 of
Table 1) in the absence of IAA, deuteriated farnesals derived from the farnesols
exhibited a negative Cotton effect. This negative Cotton effect indicates that
the chirality at C-4 and C-8 of the farnesol and farnesal are all S. In these
cases, the chain elongation was found to occur at the si-si face of the C-C
double bond of the IPP, as shown in Scheme 1 (B). This was supported a
positive Cotton effect of the deuteriated farnesals obtained in incubations
using (Z)-[4-2H]IPP in contrast to (E)—[4-2H]IPP used in the above cases, as
shown in Exp. 4 and 6 of Table 1.

Occurrence of the addition of allylic residue to the si-si face in the
chain elongation process in the biosynthesis of farnesol has been recognized for
the biosynthesis of farnesol from DMAPP and (E)- and (&)—[4—2H]IPPS with the
enzyme system from pig liverlO) and pumpkin.lg) We here reexamined the
biosynthesis of farnesol from DMAPP and (E)~ and (g)-[4-2H]IPPs with the
enzyme system of pig liver and pumpkin in the presence of IAA wunder the
conditions similar to those in the case of P. sativum, and we again confirmed
occurrence of the addition of allylic residue to the C-C double bond of IPP
following Cornforth's stereochemical picture, since the negative and the
positive Cotton effect was observed for the deuteriated farnesal obtained,
respectively.

The above-described new finding on the biosynthesis of farnesol with the
FPP synthetase fraction of P. sativum in the presence of IAA is the first
example of the unusual addition of allylic residue to the re-re face of the C-C
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double bond of IPP, in opposition to Cornforth's stereochemical picture for

18) This unusual chain

the prenylation in the biosynthesis of isoprenoids.
elongation may be caused by attack of IAA to active sites of FPP synthetase of

P. sativum. An approach to solve the mechanism is now in progress.

The present work was in part supported by the Grant-in-Aid for Scientific
Research (No. 61430010) from the Ministry of Education, Science and Culture.
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