VOL. 48 NO. 1

Direct Production of 5-Oxo Derivatives
of Avermectins by a Recombinant
Strain of Streptomyces avermitilis

Sir:

Avermectins are a family of oleandrose disaccharide
derivatives of sixteen-membered macrolides with potent
anthelmintic and insecticidal activities produced by
Streptomyces avermitilist’. A large number of averme-
ctin derivatives have been prepared by a variety of
techniques, including mutagenesis®, biotransforma-
tion®, mutational biosynthesis* and chemical modifica-
tion®. The main purposes for preparation of such
derivatives are enhanced potency, broader spectrum and
lower toxicity. Ivermectin, 22,23-dihydroavermectin B1,
has been prepared chemically from avermectin Bl
components to attain enhanced potency. Milbemycins®,
which are structurally related to avermectins, have been
also modified for similar purposes. 5-Oxime derivatives
of milbemycins have enhanced potency”®. 5-Oxime
derivatives of avermectins have also more potent
activities. The synthesis of 5-oxime derivatives of the
above both compounds needs at least two steps, in which
the hydroxyl group at the C-5 position of the aglycone
moiety is selectively oxidized by active manganese dioxide
to form 5-oxo derivatives and then the keto residue is
reacted with hydroxylamine to convert to S-oxime
derivatives”. In these steps, oximation of 5-oxo
derivatives is a quantitative reaction but selective
oxidation of the hydroxyl group at C-5 of avermectins
and milbemycins gives a lower yield”*®. The yield of the
selective oxidation of the hydroxyl residue at C-5 of
avermectin B components was 40 to 60%. If we could
get a strain that produces 5-oxoavermectins directly,
5-oxime derivatives of avermectins would be efficiently
and easily constructed.

The biosynthetic pathway to avermectins after the
formation of the aglycones has been proposed by us!?®
and the Merck group>!Y. After condensation of fatty
acids by polyketide synthase, 6,8a-seco-6,8a-deoxy-5-
oxoavermectin aglycone is formed by the gene products
of aveAl, AIl and aveC. The cyclization takes place
between C-6 and C-8a positions catalyzed by the gene
product of aveE to form 5-oxoavermectin aglycone. The
keto group at C-5 position is reduced to form avermectin
aglycone. Glycosylation at the C-13 position by the gene
product of aveB and O-methylation at C-5 by the gene
product of aveD then take place to form avermectins.
Almost all mutants have been obtained, however, the
mutant which lacks the activity of reduction of the keto
residue at C-5 position of the aglycone has never been
isolated. Such mutant would be expected to produce
5-oxoavermectins because aveE mutant produces 6,8a-
seco-6,8a-deoxy-5-oxoavermectin B glycosylated at the
C-13 position!?,

During analysis of the gene cluster for avermectin
biosynthesis, we have found the region responsible for
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the reduction at the C-5 keto residue!®. We have
attempted a frame shift mutation in this region on the
chromosome of the wild type strain Streptomyces
avermitilis K139. The resulting recombinant strain did
not produce any natural avermectins, but did produce
new components different from natural avermectins (Fig.
1). To elucidate their structures, the recombinant strain
(K2082) was cultivated in a liquid production medium
as described previously!*~1® and the new components
were isolated from the cultured broth. The mycelia from
1 liter of the cultured broth were extracted with 200 ml
of acetone and the extract, in which mycelia were
removed by filtration, was evaporated under reduced
pressure. About 100 ml of the concentrate was suspended
in 100 ml of deionized water and then was extracted,
twice with 100 ml of methylene chloride. About 0.6 g of
oily material was obtained by passage of the extract
through 4g of silica gel to remove impurities. Four
components, compound 1 (24 mg), compound 2 (5mg),
compound 3 (28mg) and compound 4 (6mg), were
obtained by purification by preparative thin layer
chromatography and reversed phase high performance
liquid chromatography in a manner similar to that
described previously!”.

Each compound was subjected to spectral analyses.
From the results of IR analysis (Table 1), a new
absorption at 1685cm ™! which was not detected in
natural avermectins was observed in spectra of all four
compounds. This indicated the presence of an «,p-
unsaturated ketone in addition to the lactone carbonyl
(1735cm ™). Their ultraviolet absorptions were not
similar to those of natural avermectins (4,,,,: 243 nm) but
were similar to 4'-deoleandrosyl-6,8a-seco-6,8a-deoxy-5-
oxoavermectin Bla and B2a'?. These structures were

Fig. 1. Chromatogram of analytical HPLC of the mycelial
extracts from the recombinant strain K2082 derived from
K139.
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The separation conditions were described in ref 17.



determined by comparing their NMR spectra with those
of natural avermectins. From the analysis of 400-MHz
'H NMR, all compounds isolated from the recombinant
strain K2082 were shown to lack a proton at the C-5
position, and identical downfield shifts in the chemical
shifts of H-2, H-3, and H-6 indicated the conversion of
an allylic alcohol to an «,-unsaturated ketone. The mass
spectra of these compounds also agree with loss of two
hydrogen atoms from C-5 and its substituent OH. Other
NMR data were similar to those of natural avermectins.
These results show that the above four compounds 1, 2,
3 and 4 obtained from the recombinant strain K2082 are
identical with 5-oxoavermectins Bla, B1b, B2a and B2b,
respectively (Fig. 2), which have been chemically
synthesized by CHABALA ef al.”.

Thus, a producer (K2082) of S-oxoavermectins was
constructed successfully by the specific disruption of the
gene for the C-5 keto reduction step without affecting
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Table 1. Physico-chemical properties of 5-oxoderivatives of avermectins.
Compound 1 Compound 2 Compound 3 Compound 4
IR (cm™ 1) 3440, 1730, 1685 3440, 1730, 1685 3440, 1735, 1685 3440, 1735, 1685
UV 1M1 nm (e) 240 (29,000), 240 (29,200), 240 (26,500), 240 (26,400),
251 sh (20,600) 251 sh (20,600) 251 sh (20,800) 251 sh (20,700)
FAB-MS (m/z)
M~+Na)* 893 879 911 897
(M+DEA)** 976 962 994 980
Elementary analysis
Found: H 8.20 H 7.80 H 821 H 7.96
C 65.77 C 66.71 C 64.63 C 64.95
Caled: H 8.10 H 8.00 H 8.16 H 8.06
C 66.19 C 65.87 C 64.84 C 64.51
Formula CusH70044 Ca7Hgs014 CisH72015 Cy7H4005
MW 871.1 857.0 889.1 875.1
* DEA, diethylamine.
Fig. 2. Structural formulae for 5-oxoavermectins. the productivity in the avermectin producer S. avermitilis.
Both sugars are a-L-oleandrose. 5-Oxoavermectins are directly produced by cultivation
of the recombinant strain without any chemical process.
QCHs It should be easy to convert 5-oxoavermectins to 5-oxime
Ho 7 OCH3 derivatives by chemical oximation.
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