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Abstract

The microbia transformations of the
tetracyclic diterpenes steviol (ent-13-hy-
droxy-kaur-16-en-19-oic acid) (1) and
ent-16b-hydroxybeyeran-19-oic acid (3) by
Bacillus megateriumand Aspergillus niger
have been studied. Incubation of 1 and 3
with B. megateriumafforded 19-O-b-D-
glucopyranosyl (5 and 9) and 7b-hydroxy (4
and 8) derivatives, and 7b-hydroxy-19-O-
b-D-glucopyranosyl derivative (10) for 3.
Incubation of 1 with A. niger afforded 7b-
hydroxy (4), 7-oxo (6), and 7b,11a-dihy-
droxy (7) derivatives. Incubation of 3 with A.
niger afforded 1a,7b,16a-trihydroxy (11)
and 1a,7b-dihydroxy-16-keto (12) deriva-
tives. Among them, the metabolites 7, 9, 10,
and 11 are the first reported. Metabolite

structures were established on the basis of
HRFABMS, 1D and 2D NMR spectral data,
and enzymatic hydrolysis.

Keywords: microbia transformations,
tetracyclic diterpenoids, steviol, ent-16b-
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The microbia transformation of multi-
functional substrates can give rise to
mixtures of products due to the presence of
numerous enzymatic activities in the whole
cells biocatalyst.! Alternatively, microorgan-
isms have aready been successfully applied
for the selective oxygenation of organic
compounds, especialy the unactivated sites
in hydrocarbons? Thus, microorganisms
have been used to transform a variety of
organic compounds, such as steroids,
dkaloids, terpenoids, and antibiotics.>*
Stevioside is the mgor sweet component
isolated from the leaves of Sevia
rebaudiana.>® Steviol (ent-13-hydroxykaur-
16-en-19-oic acid) (1), the aglycone part of
stevioside, is one of the maor metabolite of
stevioside during its enzymatic hydrolysis.’
It has been known that stevioside is
converted to steviol by intestinal bacteria
when stevioside is oraly administered to
ras®® Steviol can aso be obtained by
oxidation of stevioside with NalOy4, and then
hydrolysis with KOH.'® On the other hand,
hydrolysis of stevioside with mineral acid
affords isosteviol (2),***? which is then
reduced with NaBH, to yield ent-16b-
hydroxybeyeran-19-cic acid (3).** Steviol
has been reported to be a toxic substance
with mutagenic and bactericidal activities in
Salnondla  typhimurium TM 6772 In
contrast, steviol and stevioside have also
been reported to have therapeutic value as



diuretic drugs® and also as diabetic drugs by
stimulating  insulin  secretion  from
pancreas.’®  Ent-16b-hydroxybeyeran-19-oic
acid (3) has the ability to lower blood
pressure in spontaneously hypertensive
rats.*” Although the A/B ring junction of the
steviol (1) and ent-16b-hydroxybeyeran-
19-oic acid (3) is the same, the C- and
D-rings are different (Figure 1). Thereisvery
little data available on the biotransformations
of steviol and ent-16b-hydroxybeyeran-
19-0ic acid, apart from that on Gibberela
fujikuroi**® % As a part of an ongoing
program to study the bioconversion of
diterpenoids by microorganisms,**?*?* and
attempt to find out whether there exists a
paralel between the action of the
microorganisms on  ent-kaurene  and
ent-beyerane of tetracyclic diterpenoids with
similar chemical functions, the microbial
metabolisms of 1 and 3 were investigated.
The isolation and structure elucidation of the
metabolites are described herein.

e

A tota of 27 microorganisms including
fungi, yeast and bacteria were tested for their
ability to metabolize steviol (1) and
ent-16b-hydroxybeyeran-19-oic  acid  (3).
Bacillus megaterium and Aspergillus niger
were the cultures capable of reproducibly
bioconversion of 1 and 3 to different
metabolites. The bioconversion of steviol (1)
by B. megaterium and A. niger led to the
isolation of the metabolites 4- 7. Metabolites
4 and 6 have been prepared from the
incubation of 1 with G. fujikuroi.**®
Metabolite 5 has been isolated from the
biotransformation of steviol by cultures cells
of Eucalyptus perriniana® Metabolite 7 was
obtained as white needles. Its HRFABMS
(negative-ion mode) showed a [M — H]™ a
myz 349.2021, indicating a molecular weight
of 350, compatible with a molecular formula
of CaoH290s (calcd 349.2015). The °*C NMR
spectrum  displayed resonances for 20
carbons, while the DEPT spectrum showed
the presence of the two methyl, eight
methylene, four methine, and six quaternary
carbons. The HMQC spectrum, compared to

that of 1, showed new resonances at dy 4.78
(dc 70.9) and dy 3.96 (dc 76.9). It indicated
that metabolite 7 contains two more oxygen
atoms than does steviol (1). In the DEPT
spectrum, the resonance of C-6 has shifted
downfield from d 22.7 to 30.6, and the
resonances of C-5 and C-9 have shifted
upfield, from d 57.1 to 48.4 and from d 54.4
to 53.0, respectively. In the HMBC spectrum,
dy 3.96 exhibits cross-peaks with dc 47.0
(C-14), 484 (C-5) and 53.0 (C-9). Thus,
hydroxylation occurs at C-7, to which the
resonance a d 76.9 is attributed. The
configuration at C-7 follows from the
multiplicity of the H-7 signal in the *H NMR
spectrum, which isabroad singlet, indicating
that the proton is in the equatoria (a)
position.**?*?”  Furthermore, the NOESY
spectrum also shows cross-peaks between d
3.96 (H-7a) and H-6 (d 2.47 and 2.69),
H-14 (d 1.74) and H-154 (d 2.75).
Accordingly, the hydroxyl group is in the
axial (b) position. The location of the second
hydroxyl group at the C-11 position of 7 was
deduced by HMBC correlations between dy
4.78 (H-11) and dc 41.4 (C-10) and 51.5
(C-12). The relative stereochemistry of the
hydroxyl group at C-11, in the axia position
(a), was suggested from the cross-peaks
between H-11 (d 4.78) and d 2.52 (2H, H-9b
and H-12) and 2.75 (H-12 and H-15) in the
NOESY spectrum. Comparison of *H NMR
spectrum of 7 with methyl ent-7b,11a,13-
trihydroxykaur-16-en-19-oate*  found that
H-11 was located at d 4.78 as a doublet
triplet (J=13.0, 6.5 Hz) in 7 and H-11a was
located at d 4.48 as adoublet (J= 6.0 Hz) in
methyl ent-7b,11a,13-trihydroxykaur-16-en-
19-oate. Thus, the configuration of the
hydroxyl group at C-11 was established to be
a. On the basis of the above evidence, the
structure of 7 is determined to be ent-7a,
11b,13-trihydroxykaur-16-en-19-oic acid.
Incubation of 3 with B. megaterium for
6 days led to the formation of metabolites
8-10. Metabolite 8 is ent-7a,16b-dihydroxy-
beyeran-19-oic acid by comparison of NMR
data with literature.** Metabolite 9 showed a
guasi-molecular ion [M —H] ™ at m/z481 and



stevioside: Ry =R, =Rz =H, R4 = Glc?
1:R;=R;=R3=R4=H
4:R;1=0OH,R;=Rz3==Ry4=H
5: Ry = Ry = R4 = H, Rz = Glcosyl
7:R1=R;=0H,R3=H

3:R;=R;=R3=H
8:R;=R3=H,R,=0H

9: Ry = Ry = H, R3 = Glucosyl
10: Ry = OH, R, = H, R3 = Glucosyl
11:R; =R, =OH,R3=H

2:R;=R,=H
12:R; =R, = OH

Figure 1. Structures of stevioside and compounds 1-12

the aglycone peak at m/z319 [M — H] ™ due
to loss of a hexosyl moiety in the
negative-ion FABMS. It aso gave a
guasi-molecular ion peak a m/z 481.2809
corresponding to the molecular formula
CxH4103 (calcd 481.2801) in the negative
HRFABMS. The 'H and *C NMR spectra
were similar to the substrate, except for the
additional proton and carbon signals for the
sugar moiety. The DEPT experiment of
sugar moiety displayed one CH; group at d
62.2 and five CH groups at d 95.8, 79.4, 79.2,
74.2, and 71.2 ppm. These signals were
similar to those glucose with the anomeric
proton resonating at d 6.23 with J= 8.0 Hz.
The coupling constant agreed with a b-D
configuration for the sugar moiety in
metabolite.”” The HMQC and 'H- 'H COSY
spectra allowed for the assignment of al the
protons of the sugar moiety of the metabolite,
including the readily discernible cross-peak
corresponding to the coupling of the
anomeric proton H-1¢to H-2¢ Comparison
of the *C NMR spectra of 3 and 9 indicated
that 9 is a glucopyranosyl ester of 3 at C-19,
based on the upfield shift of C-19 from d
180.3 to 177.0.%’ The sugar moiety was aso
confidently linked at C-19 of the aglycone
basing on the HMBC correlation between the
C-19 (d177.0) and H-1¢ (d 6.23). Theb

configuration at C-1¢was further confirmed
by enzymatic hydrolysis of the glucosidic
linkage in 9 using b-D-glucosidase enzyme.
Based on the above evidence, metabolite 9
was determined as ent-16b-hydroxybeyeran-
19-b-D-glucopyranosyl ester. Metabolite 10
displayed a quasi-molecular ion peak at nmvz
497.2755 corresponding to the molecular
formula CxsH4109 (calcd 497.2751) in the
negative HRFAMS. The *H NMR spectrum
shows close similarity to those of 9 and
displays additional downfield signal for
oxygen-bearing methine proton at d 3.88 (br
). The characteristic anomeric proton of the
sugar was seen as a doublet at d 6.24 with
the coupling constant, J= 8.0 Hz, indicating
the glucosidic linkage to have b configura-
tion?’ The DEPT spectrum shows the
disappearance of one CH, signal relativeto 9
and the presence of one new CH signa at d
76.7. By comparison of *C NMR spectrum
with 9, the resonance of C-6 has shifted
downfield from d 22.3 to 30.3, and the
resonances of C-5 and C-9 have shifted
upfield, from d 57.8 to 48.3 and from d 56.4
to 50.7, respectively. In the HMBC spectrum,
dy 3.88 exhibits correlations with d 48.3
(C-5) and 50.7 (C-9). Thus, hydroxylation
occurs a C-7. The configuration of the
hydroxyl group at C-7 was established to be
b on the basis of NOESY data. The NOESY
spectrum shows cross-peaks between d 3.88
(H-7) and H-6 (d 2.68 and 2.42), H-15 (d
2.34), and H-14 (d 1.59). The H-7 signa in
the '"H NMR spectrum is a broad singlet,
indicating that the proton is in the equatorial
(a) position.***® Accordingly, the b-orienta-
tion of 7-OH was established. On the basis
of the *H and **C NMR spectra with the aid
of HMQC, HMBC, NOESY, and 'H-'H
COSY experiments and by comparison of
NMR spectra data with 9, metabolite 10 is
assigned the structure ent-7a,16b-hydroxy-
beyeran-19-b-D-glucopyranosyl ester.
Metabolites 11 and 12 were obtained in
9.3 % and 11.5 % vyields, respectively, by
preparative-scale incubations of ent-16b-
hydroxybeyeran-19-oic acid (3) with A. niger
after 144 h incubation. Following solvent



Table 1. *CNMR assignments for steviol (1) and 3,
and metabolites 7, 9-11 (Cs D5 N, d values)

Carbon 1 7 3 9 10 u

1 411 433 405 402 403 826
2 199 203 198 195 386 373
3 387 391 388 385 386 373
4 440 439 440 443 440 430
5 571 484 574 578 484 469
6 227 306 227 223 303 300
7 420 769 425 425 767 779
8 419 463 426 426 476 485
9 544 530 565 387 387 450
11 209 709 210 209 207 244
12 408 515 348 347 348 352
13 799 787 426 426 425 430
14 476 470 559 558 521 524
15 483 451 440 439 428 429

16 1578 1582 798 79.7 796 80.7
17 1030 1026 257 257 259 254
18 294 299 296 290 289 293
19 180.2 1809 180.3 177.0 1774 1820

20 160 168 139 140 139 9.4

1° 958 95.9
2° 742 742
3* 794 794
4° 712 712
5Z 792 792
6 622 622
*1n CDZ0D

extraction and column chromatographic
purification, samples of metabolites were
subjected to spectra anayses. The
HRFABMS of metabolite 11 exhibited a
guasi-molecular ion peak at m/z 351.2168
corresponding to CyoH3105 (caled 351.2172),
indicating a metabolite structure containing
two more oxygen atoms than 3. In CsDsN as
the solvent, the DEPT spectrum shows the
disappearance of two CH, signals and the
presence of two new CH signals at d 81.8
and 76.8, confirming that 11 is a dihydro-
xylated metabolite of 3. However, dc 81.8
and 76.8 are correlated to dy 3.94 (2H,
singlet and shoulder like) in the HMQC
spectrum. By changing the solvent to
CD3OD, these two signads are cleanly
separated and showed at dc 82.6 and 77.9,
and dy 3.33 and 3.42, respectively, in the
HMQC spectrum. In the HMBC spectrum,
the chemica shift of dy 3.33 showed
connectivities with CH3-20 (d 9.4), C-2 (d
30.6), C-10 (d 45.0), and C-9 (d 51.7). In
'H-'H COSY spectrum, dy 3.33 showed
cross pesk with H-2 (d1.48). Thus, it

suggested that one of hydroxyl group was at
C-1. The relative stereochemistry of 1-OH
was deduced from the NOESY experiment
as well as the coupling constant in the *H
NMR spectrum. The coupling constant of the
methine proton at C-1 exhibited double-
doublet (J = 11.5, 4.5 Hz) due to coupling
with the protons of the neighboring C-2. The
NOESY spectrum also showed NOE effects
between H-1 (d 3.33) and H-2 (d 1.48), H-5b
(d 1.63), H-9b (d 1.57), and CH3-18 (d 1.13).
Thus, the hydroxyl group at C-1 was in an
equatoria (a) configura- tion.?® The location
of the second hydroxyl group at C-7 position
was deduced by *C NMR signals. In spite of
in CsDsN or CD30D, the resonance of C-6
has shifted downfield from d 22.7 to 30.0,
and the resonances of C-5 and C-9 have
shifted upfield, from d 57.4 to 46.9 and from
d 56.5 to 51.7, respectively. In the HMBC
spectrum, dy 3.42 exhibits connectivities
with d 46.9 (C-5) and 51.7 (C-9). Therefore,
hydroxylation occurs at C-7. The configura-
tion of hydroxyl group at C-7 was assigned
to be b due to the presence of a broad singlet
proton signal at dy 3.42.3%%° On the basis of
the above evidence, the structure of 11 is
determined to be ent-1b,7a,16b-trihydroxy-
beyeran-19-oic acid. The difference between
11 and 12 is the lack of the H-16b and C-16
signalsin the *H and **C NMR spectra of 12,
which is replaced by a carbonyl group at d
221.0. Thus, metabolite 12 is ent-1b,7a-
dihydroxy-16-ketobeyeran-19-oic acid. This
metabolite has been isolated as methyl
derivative in biotransformation of isosteviol
by Aspergillus niger CM| 17454.%°
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Two selected substrates, steviol and
ent-16b-hydroxybeyeran-19-oic  acid, are
with different carbon skeletons of tetracyclic
diterpenoids. In this investigation, the
selected microorganisms have the ability to
introduce hydroxyl group into 7b position
for both substrates. This is the most common
reaction for introduction of oxygen function
a C-7 in the microbia hydroxylation of
tetracyclic diterpenoids and steroids. In
addition, this study revealed that A. niger has



the ability to hydroxylate at 1a,7b- positions
of ent-16b-hydroxybeyeran-19-oic acid (3)
followed by oxidation at 16a-hydroxy group
to yield 12. However, the dihydroxylation
was occurred at 7b,11a-positions of steviol
(1) instead of 1a,7b-positions. The configu-
rations of 7 were opposite to the metabolite
obtained from G. fujikuroi. Thus, the results
obtained in this study indicated that the
hydroxylation of both A- and B-rings of
ent-beyerane could be accompli- shed by A.
niger. On the other hand, conjugation of
metabolized  xenobitics is  generaly
considered to be a detoxication mechanism.
Previous studies demonstrated that B.
megaterium could serve as a prokaryotic
model for mammalian drug metabolism. Our
study demonstrated that B. megaterium could
catalyze not only in phase | hydroxylation
but also in phase Il conjugation for both
substrates. Thus, this study provides us to
understand the relationship between the
entkaurene and ent-beyerane and the
microbia enzymes responsible for ther
hydroxylation and glucosidation. Also,
elucidation of the metabolic mechanism of
the glucosidation in tetracyclic diterpenoids
by B. megaterium may provide new insights
in the field of enzymology and glucosidic
chemistry. The antidiabetic and antihyper-
tension activity tests will be evaluated | ater.
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