J. CHEM. SOC., CHEM. COMMUN., 1984

1421

Biosynthesis of the Polyether Antibiotic Monensin-A. Incorporation of [2-2H,]-,

(R)-[2-2H,]- and (S)-[2-2H+]-Propionate

Gulshan R. Sood, John A. Robinson,* and Abid A. Ajaz

Chemistry Department, The University, Southampton SO9 5NH, U.K.

The incorporation of [2-2H,]- and (S)-[2-2H,]-propionate into monensin-A in cultures of Streptomyces cinnamonensis
occurs with retention of label only at C(4) and C(6) in the antibiotic, whereas during the incorporation of
(R)-[2-2H,]propionate the deuterium label is lost to the medium.

Carbon-13 and oxygen-18 labelling experiments have shown
clearly that the carbon backbone of the polyether ionophore
antibiotic monensin-A is biosynthesized from building blocks
derived from acetate, propionate, and butyrate.! The
mechanisms of activation of these precursors in vivo as their
coenzyme-A thiol esters, and their mode of coupling, appear
to resemble the processes known to occur during the
biosynthesis of long-chain fatty acids. We now report the
results of incorporation experiments using deuteriated isoto-
pomers of propionic acid, which strengthen the mechanistic
and stereochemical aspects of this analogy by defining the
stereochemical courses of the carboxylation and decar-
boxylative-condensation reactions that occur during the inser-
tion of propionyl-CoA into the carbon backbone of the
antibiotic.

The aim of our experiments was to follow the incorporation
of deuterium label from C(2) of propionate into the corre-
sponding methine positions in monensin-A, i.e. C(2), C(4),
C(6), C(18), C(22), and C(24). Initial studies using (RS)-[2-
3H;4C]propionate (3H/14C ~18.0) afforded, after addition to
cultures of Streptomyces cinnamonensis, [*H] and [4C]
labelled monensin-A of which the 3H/%“C ratio (~0.6)
indicated that a large proportion (ca. 95—98%) of the tritium
label had been lost to the medium during the biosynthesis. Ina
control experiment [1-13C]propionate, after incorporation,
showed enhanced singlets (ca. 10 enrichment) in the 3C
n.m.r. spectrum of the antibiotic at each of the expected!
positions, i.e. C(1), C(3), C(5), C(11), C(17), C(21), and
C(23).

To establish the location in monensin-A of the small
amounts of deuterium label retained after incorporation of
[2-2H,]propionate, 2H n.m.r. spectroscopy was employed.
Thus [2-2H,]propionate (30 g) was administered batchwise to
a fermentation of S. cinnamonensis (6 litres), which was
subsequently worked up in the usual way? to afford pure
crystalline sodium monensin-A (3 g; m.p. 270 °C). The 55
MHz 2H n.m.r. spectrum of this material showed an increased

Na-monensin -A

background level of deuterium in the antibiotic, but more
importantly, also showed a strongly enhanced broad singlet at
d 2.0, a result which is consistent with the retention of
deuterium label specifically at one or more methine positions.
An analysis of the two-dimensional '"H-13C correlation n.m.r.

spectrum? of wunlabelled monensin indicated that the
deuterium enrichment was not at C(2), although owing to the
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Figure 1. (A) 'H N.m.r. spectrum of the lactone methyl ester (1) at
360 MHz in CDCl;; (B) natural abundance 2H n.m.r. spectrum of (1)
at 55.3 MHz, 300 mg dissolved in 2 ml of CHCl,, 2K data points,
acquisition time 0.655 s, 1.0 Hz line broadening with exponential
multiplication, with broad band proton decoupling; (C) 2H n.m.r.
spectrum of (1) derived from deuterium-enriched monensin biosyn-
thesized from [2-2H,]propionate run under the same conditions as in

(B).
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Figure 2. (A) 'H N.m.r. spectrum of Na-monensin-A at 360 MHz in
CDCls; (B) natural abundance 2H n.m.r. spectrum of Na-monensin-A
at 55.3 MHz, 1 g dissolved in 2 ml of CHCl;. For acquisition
parameters see Figure 1; (C) 2H n.m.r. spectrum of Na-monensin-A
biosynthesized from (S)-[1-14C; 2-2H,]propionate run under the same
conditions as in (B).

broadness of the peak in the ZH spectrum a differentiation
between C(4), C(6), C(18), C(22), and C(24) was not possible.
This labelled monensin was, therefore, degraded* (two steps:
i, CrO;~AcOH; ii, CH,N;) to afford the known*-> lactone
methyl ester (1) and dilactone (2), each of which was purified
by flash chromatography on silica. The 2H n.m.r. spectrum of
the lactone (1) produced in this way, together with the natural
abundance ?H n.m.r. spectrum of (1), are shown in Figure 1.
Two strongly enhanced signals at 8 2.40 and 2.85 are evident in
the former spectrum and these can be assigned via the 'H
n.m.r. spectrum to specific enrichments (30—50 fold) at C(4)
and C(6) in monensin. On the other hand, the ZH n.m.r.
spectrum of the dilactone (2) was virtually identical to the
natural abundance spectrum. It follows, therefore, that no
significant retention of deuterium at C(18), C(22), or C(24) in
monensin had occurred.

Finally, in two additional experiments (§)- and (R)-[1-14C;
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Scheme 1

2-2H,]propionatet were administered to separate fermenta-
tions of S. cinnamonensis (10 g into 5 litres). In each case the
derived monensin-A Na+ salt contained 14C label correspond-
ing to a specific incorporation of ca. 16%, but in the 2Hn.m.r.
spectrum of monensin from the (§)-isomer an enhanced peak
at 8 2.0 was again evident (shown in Figure 2), whereas from
the (R)-isomer the 2H n.m.r. spectrum showed no incorpora-
tion and was identical to that of unlabelled monensin-A.

It follows from this that propionyl-CoA is converted in vivo
into methylmalonyl-CoA with loss of the pro-Hg atom. This
result parallels that observed using purified enzymes from
other sources,$ and indicates further that the carboxylation
product is (S)-methylmalonyl-CoA.® The retention of
deuterium label at C(4) and C(6) in monensin is then only
consistent with a concerted decarboxylative-condensation
proceeding with inversion of configuration,f and leading to an
a-methyl-B-ketothiol ester with the (R) configuration at C,
(see Scheme 1). A similar mechanistic and stereochemical
result has been observed during studies of the decar-
boxylative-condensation catalysed by fatty acid synthetases,!?
and complements related findings on the biosynthesis of the
polyether antibiotic lasalocid-A.!! The non-appearance of
deuterium label at C(2), C(18), C(22), and C(24) is consistent
in the case of C(2) and C(24) with the action of epimerases
acting before or after the key carbon—carbon bond forming
step, and additionally in the case of C(18) and C(22) with the
o,B-elimination of H,O from transiently generated a-methyl-
B-hydroxythiol esters. It is relevant to note, however, that at
present no clear evidence exists for the action in polyether
antibiotic biosynthesis of synthetases that can directly utilize
(R)-methylmalonyl-CoA, and this suggests that only the
(S)-isomer may be employed for the insertion of all propionate
units into the backbone, with alterations to the configuration

+ The (S)- and (R)-[2-2H,]propionates were prepared using the
methods described by Armarego et al.,® and were assayed for
configurational purity by the method described by Parker:7 each
isomer was >95% optically pure.

i+ The reasonable assumption is made that the interconversion of (5)-
and  (R)-methylmalonyl-CoA on the S. cinnamonensis
methylmalonyl-CoA epimerase would effectively lead to the complete
loss of deuterium from C(2). However this remains to be proven. The
unlikely possibility that (S)- and (R)-methylmalonyl-CoA can be
interconverted through hydrolysis followed by re-thioesterification is
rendered untenable by the high retentions of O label at C(1). C(3).
and C(5) upon incorporation of [1-13C;80,]propionate.!
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of chiral methine centres, where necessary, occurring after
carbon-carbon bond formation.
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