
1016 THE JOURNAL OF ANTIBIOTICS JUNE 1993

MICROBIAL CONVERSION OF

AVERMECTINSBY Saccharopolyspora
erythrea: HYDROXYLATIONAT C28

Marvin Schulman, Patrick Doherty,
Deborah Zink and Byron Arison

MerckResearch Laboratories,
P.O. Box 2000, Railway NJ 07065

(Received for publication January 13, 1993)

Avermectins are a family of oleandrose disac-
charide derivatives of sixteen membered macro-
lides with potent anthelmintic and insecticidal
activity produced by Streptomyces avermitilis1 "^.
The structure of ivermectin, the synthetically derived
23,23-dihydro derivative of avermectin Bla is

shown in Fig. 1. Compoundsin which the oleandrose
has been cleaved are termed aglycones. This paper
reports the bioconversion of ivermectin aglycone
(22,23-dihydro avermectin Bla aglycone) to the 28-
hydroxy derivative by Saccharopolyspora erythrea
ATCC11635 as shown in Fig. 2.
Frozen vegetative mycelia (FVM) of S. erythrea
ATCC1 1635 were prepared by inoculating 250ml
of medium M1025) in baffled 2-liter Erlenmeyer
flasks with a lyophilized culture. The flasks were
incubated at 32°C, 220rpm and 85% relative
humidity for 48 hours in a Kuhner cabinet. The
packed cell volumes of the cultures were 8~ 12%
and the pH ranged from 6.7 to 7.0. Aliquots (2ml)
of the culture were frozen, stored at -80°C and
used as a source of inoculum for seed cultures
in future experiments. For seed cultures, 40ml of

Fig. 1. General structure of the avermectins.

Avermectin terminology is as follows: R1 =H in "B" components; R1 =CH3in "A" components;
x=CH=CH in "1" components: R2=CH2CH3 in "a" components; R2=CH3 in "b" components;

x=CHCHOHin "2" components; x=CH2CH2in invermectins.

Fig. 2. Hydroxylation of ivermectin aglycone by S. erythrea.



VOL. 46 NO. 6 THE JOURNAL OF ANTIBIOTICS 1017

Fig. 3. TLC of the products of the biotransformation of ivermectin aglycone by S. erythrea.

Thin layer chromatography of the fed substrate and the extracts of the biotransformation was
conducted as described above. Radioactivity in the products was measured with a Bioscan 200 for
10 minutes and the peaks were integrated. Panel A is the substrate, [3H-22,23]22,23-dihydro avermectin
aglycone, panel B presents the biotransformation products.

M1025) in 250 baffled Erlenmeyer flasks were in-
oculated with 1.0ml of FVMand the flasks were
incubated at 30°C, 85% relative humidity and

200 rpm for 40 hours.
The biotransformations were conducted in 250-ml
Erlenmeyer flasks containing 40ml of medium

M1025). 1.0ml of seed culture was added to each
flask as inoculum and the flasks were incubated at
30°C, 85% relative humidity and 220rpm for 24
hours. At this time, 0.1 ml of dimethylsulfoxide
containing 2.5 mg (4.24/anol) of [3H-22,23]22,23-
dihydro avermectin aglycone (2.5mg, specific

activity= 1.5 x 108dpm/^mol) was added and the
flasks were incubated at 30°C, 85% relative humidity
and 220 rpm for 120 hours. Each flask was extracted
twice with 80 ml portions of dichloromethane. The
extracts were pooled, concentrated and chromato-
graphed on Silica Gel-60 F254 precoated TLC
plates (0.25mm, E. M. Laboratories). The TLC
plates were developed using dichloromethane-
ethvlacetate-methanol (9 : 9 : 1). The radioactive

bands were located using a Bioscan 200 (Bioscan
Inc.) and the individual bands were scraped from
the plate and eluted with methanol. The eluted bands
were then further purified by HPLCon a Dupont
Zorbax ODS reverse phase semi-prep column
(9.4mm i.d. x 25cm) at 60°C with methanol-water
(80:20) as the mobile phase at a flow rate of
1 ml/minute. The UV absorbtion spectra (200~
400nm) of the eluted peaks were monitored using
a Hewlett Packard 1040a diode array spectro-

photometer. Structures were determined by mass
spectroscopy and NMRspectroscopy. *H NMR
spectra were obtained in CDC13at ambient tempera-
ture on a Varian UNITY400MHzspectrometer.
Chemical shifts are in parts per million relative to
internal tetramethylsilane. Mass spectra were
recorded as previously described6).
Fig. 3 presents a Bioscan trace of the TLCplates.
The substrate fed is shownin panel Aand the extract
of the biotransformation is shown in panel B.

Follwoing biotransformation, only a small amount
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Fig. 4. HPLC of 28-hydroxy ivermectin aglycone.

Approximately 2.0 jug of purified 28-hydroxy ivermectin was chromatographed on Dupont Zorbax
ODScolumn at 60°C with methanol-water (80 : 20) as the mobile phase and a flow rate of 1 ml/minute.
Panel Ais the diode array spectrum of the eluted peak; panel B is the elution profile at 245nm.

Fig. 5. XHNMRspectrum of 28-hydroxy ivermectin.

of the substrate (peak 1) remained and 6 new peaks
appeared. Of these peaks, 3, 4, 5, and 6 were
avermectins. Peak 3 (Rf 0.25) contained the

28-hydroxy ivermectin (Peaks 4, 5, and 6 contained
other hydroxylated avermectins which are the

subject of another manuscript.). A typical elution
profile from an analytical column (4.6 mmx 25 cm)

of the 28-hydroxy ivermectin and its UV absorbtion
spectrum are shown in Fig. 4. The compoundelutes
as a single symmetrical peak and possess a UV
spectra typical of avermectins with an Emaxat 245
nm and a shoulder at 256 nm. The molecular weight
of the 28-hydroxy derivative was determined by
mass analysis to be 602.772. The *H NMRspectrum
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Fig. 6. COSYXH NMRspectrum of 28-hydroxy ivermectin.

of the 28-hydroxy ivermectin is shown in Fig. 5.
Key features of this spectrum are the absence of a
28-methyl triplet at 0.94ppm and the presence of
two novel protons in the region characteristic of CH
attached to oxygen (3.8~3.9 ppm). Although a

CH2Ogrouping is a reasonable inference from these
observations and the mass spectral evidence that an
oxygen has been incorporated, it was deemed im-
portant to strengthen this position by establishing
that these protons were coupled to each other and
hence in close proximity. This was demonstrated

in the COSYspectrum (Fig. 6) which clearly shows
cross peaks diagnostic of coupling between the
novel protons.
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