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Microbial Transformations of Isosteviol
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Stevioside (1) is a sweet-tasting glycoside occurring abundantly in the leaves of
Stevia rebaudiana (Bertoni) Bertoni (Compositae), which has been popularly used as a
sugar substitute in Japan and Brazil for decades. Hydrolysis of stevioside in acid
solution produces isosteviol (2; ent-16-ketobeyeran-19-oic acid), a tetracyclic
diterpenoid with an ent-beyerane skeleton. Several biological activities of 2 have been
reported including the inhibition of rat liver mitochondria functions, decrease of
glucose production and inhibition of oxygen uptake in the isolated rat renal tubules,
inhibition of D-glucose and D-fructose transport across the cell membrane in the
isolated perfused rat liver, lowering blood pressure in spontaneously hypertensive rats
through opening of the K+ channel to inhibit calcium influx, potent inhibition of
tumor promoters, cardioprotective effect on rats with heart ischemia-reperfusion
injury, and reducing plasma glucose levels in a diabetic animal model. As a part of a
series studies on ways concerning the production of novel tetracyclic diterpenoid
derivatives for biological testings, structural modification of isosteviol (2) by
microbial transformations was carried out.

By screening thirty microorganisms, Mucor recurvatus, Absidia pseudocylindrospora,
and Aspergillus niger were selected for the biotransformations of isosteviol (2) at this
time. Preparative-scale fermentation of isosteviol (2) with Mucor recurvatus produced
ent-7a-hydroxy-16-ketobeyeran-19-oic acid (3), ent-7b-hydroxy-16-keto-
beyeran-19-oic acid (4), ent-12a,15a-dihydroxy-16-ketobeyeran-19-oic acid (5),
ent-7a,15a-dihydroxy-16-ketobeyeran-19-oic acid (6), and
ent-15a-hydroxy-16-ketobeyeran-19-oic acid (7). Preparative-scale fermentation of
isosteviol (2) with Absidia pseudocylindrospora produced
ent-12a,17-dihydroxy-16-ketobeyeran-19-oic acid (8), ent-9a,17-dihydr-
oxy-16-ketobeyeran-19-oic acid (9), ent-12b,17-dihydroxy-16-keto-

beyeran-19-oic acid (10), ent-7b,12a-dihydroxy-16-ketobeyeran-19-oic acid (11),
ent-7b,17-dihydroxy-16-ketobeyeran-19-oic acid (12), and
ent-7b,12a,17-trihydroxy-16-ketobeyeran-19-oic acid (13). Preparative-

scale fermentation of isosteviol (2) with Aspergillus niger produced
ent-7a-hydroxy-16-ketobeyeran-19-oic acid (3), ent-1b-hydroxy-16-keto-
beyeran-19-oic acid (14), ent-1b,7a-dihydroxy-16-ketobeyeran-19-oic acid (15),
ent-7a,11a-dihydroxy-16-ketobeyeran-19-oic acid (16),



ent-7a-hydroxy-1,16-diketobeyeran-19-oic acid (17), ent-1b-hydroxy-
7,16-diketobeyeran-19-oic acid (18), ent-11a-hydroxy-7,16-diketo-

beyeran-19-oic acid (19), and ent-1b,6b,7a-trihydroxy-16-ketobeyeran-

19-oic acid (20). Among them, metabolites (7), (11), (13), (14), and (16-20) are the
new compounds. The structures of metabolites were established on the basis of
HRFABMS, IR, and 1D and 2D NMR. Tetracyclic diterpenoids possess a formal
similarity to steroids. Thus, both GRE (glucocorticoid-responsive element) and ARE
(androgen-responsive element)-mediated luciferase assays were used to initially
screen for the biological activities of isosteviol (2) and biotransformation products
(2-19) as glucocorticoid and androgen agonists. By using a GRE-mediated luciferase
reporter gene assay, compounds 9, 14, 16, and 18 were found to be significant, but
less active than the reference compounds of methylprednisolone and dexamethasone.
By using an ARE-mediated luciferase reporter gene assay, compounds 4, 7, 13, 14, 15,
and 16 were found to be significant. In particular, 4, 13, 15, and 16 are more active

than the reference compound of testosterone.



