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Microbial Transformation of 20(S)-Protopanaxatriol by Mucor spinosus
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Microbial biotransformation of 20(S)-protopanaxatriol (1) by the fungus Mucor spinosus (AS 3.3450) yielded
four new metabolites, the structures of which were determined to be 12-oxo-150-hydroxyl-20(S)-
protopanaxatriol (2), 27-hydroxyl-20(S)-protopanaxatriol (3), 12-0x0-26-hydroxyl-20(S)-protopanaxatriol
(4), and 12-0x0-27-hydroxyl-20(S)-protopanaxatriol (5), respectively, on the basis of their chemical and
spectroscopic data. All the new metabolites, as well as the substrate, had significant cytotoxic effects on

HL-60 cells (human leukemia cells).

Ginsenosides, the major active components in Panax
ginseng C. A. Meyer (Araliaceae), have been reported to
exhibit antitumor effects,! particularly the inhibition of
tumor-induced angiogenesis? and tumor invasion and me-
tastasis®* and the control of phenotypic expression and
differentiation of tumor cells.?¢ The aglycones of most
ginsenosides were the dammaranes 20(S)-protopanaxatriol
(PT, 1) and 20(S)-protopanaxadiol (PD). PT has been
reported to have strong cytotoxic activity against human
leukemia cells (THP-1), by inducing DNA fragmentation
and apoptosis.” These results suggest that the aglycones
of ginsenosides are responsible for the antitumor effects.
With our continuous investigation on the biotransformation
of antitumor natural products,® we are especially interested
in the various modified structures of PT transformed by
microbes in order to find more active compounds. We report
here the structures of four new metabolites produced by
the fungus Mucor spinosus (AS 3.3450) and their cytotoxic
effects against tumor cells.

Results and Discussion

20(S)-Protopanaxatriol (PT, 1) was obtained by using the
Smith degradation according to the literature reaction of
a ginsenoside extract.? Incubation of 1 with Mucor spinosus
(AS 3.3450) yielded four metabolites, 2, 3, 4, and 5.

Compound 2 was obtained as a white amorphous powder.
Its molecular formula, CsoHs¢0O5, was established via
HRMS, 3C NMR, and DEPT spectral data. Comparing
with 1, two new groups, one carbonyl [vyax 1701 em™1; 6¢
211.3 (s)] and one secondary hydroxyl [vyax 3409 em™1, d¢
73.0 (t)], were found, and two signals of compound 1 (C-
12, C-15) were missing. These data suggested that 2 should
be a hydroxylated and oxidized product of 1. In its HMBC
spectrum, correlation signals between d¢ 211.3 and H-13
[0 3.45 (1H, d, J = 9.5 Hz)], H-17 [0y 2.83 (1H, td, J =
4.0,15.0,9.5 Hz)], H-11 [0x 2.42 (1H, dd, J = 3.5, 12.5 Hz)]
were observed, which indicated the position of the carbonyl
group (C-12). Correlations between d¢ 73.0 and H-13, H-16
were also observed in the HMBC, which demonstrated the
hydroxyl group to be at C-15 (Figure 1). A significant NOE
correlation between H-15 [0y 4.48 (1H, d, J = 8.5 Hz)] and
H-18 [8-Me] was clearly observed in the NOESY spec-
trum, suggesting the 15-OH to be a-oriented. Thus, 2 was
elucidated as 12-oxo-15a-hydroxyl-20(S)-protopanaxatriol.

Compound 3 was obtained as a white amorphous powder.
Its molecular formula, C30H5205, was also established from
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Figure 1. Key HMBC and 'H—'H COSY correlations in metabolite
2.

HRMS, 3C NMR, and DEPT data. Comparing with 1, it
was suggested that a hydroxyl group had been introduced
into the substrate molecule. In the DEPT spectrum, the
number of methyl carbons was reduced from 8 (1) to 7,
meanwhile a new CHj signal at d¢ 60.8 (t) was found,
suggesting that one methyl group had been oxidized. In
the 13C NMR, the chemical shift of Me-26 was upfield
shifted about 3.8 ppm (d¢ 25.7 to 21.9), suggesting that the
Me-27 was hydroxylated. The HMBC correlations between
oc 60.8 (t), H-25 [0 5.47 (1H, dd, J = 6.5, 7.0 Hz)], and
Me-26 [0y 1.98 (3H, s)] confirmed the hydroxylation posi-
tion at C-27. Thus, 3 was characterized as 27-hydroxyl-
20(S)-protopanaxatriol.

Compounds 4 and 5 were also obtained as white amor-
phous powder. Their molecular formulas were established
as C30H500s, on the basis of the combined analysis of HRMS
and DEPT data. The 13C NMR and DEPT spectral data of
4 indicated a quaternary carbon signal at 0¢ 211.7 (s) and
a new CH; signal at 6¢ 68.1 (t), suggesting it to be the
oxidized and hydroxylated product of 1. The HMBC cor-
relations between d¢ 211.7 (s) and H-11, H-13 indicated
the carbonyl to be at C-12. In the 3C NMR, the chemical
shift of Me-27 was upfield shifted about 3.8 ppm (¢ 17.6
to 13.9), indicating that Me-26 was hydroxylated. HMBC
correlations between d¢ 68.1 (t) and Me-27, H-24 confirmed
that the hydroxyl group was at C-26. Therefore, 4 was
characterized as 12-0x0-26-hydroxyl-20(S)-protopanaxa-
triol. The 3C NMR and DEPT data of 5 were very similar
to those of 4 except for the new CH; signal at d¢ 60.8 (t),
which suggested that the hydroxylation position was at
C-27 instead of C-26. This assignment was confirmed by
the HMBC correlations between d¢ 60.8 (t) and H-24, Me-
26. Thus, 5 was characterized as 12-oxo0-27-hydroxyl-20-
(S)-protopanaxatriol. To our knowledge, all of the trans-
formed products (2, 3, 4, and 5) are new compounds.

A 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide test (MTT) showed that four biotransformed
products and PT were cytotoxic to HL-60 cell lines, but not
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Scheme 1. Biotransformation of 20(S)-Protopanaxatriol by
Mucor spinosus

to human gastric cancer cells (BGC) (IC5¢ > 100 uM), with
1C5¢’s vs HL-60 of 16.0, 15.0, 12.3, 10.8, and 16.3 uM for
PT, 2, 3, 4, and 5, respectively.

These results demonstrated that 20(S)-protopanaxatriol
could be selectively carbonylated at position C-12 by M.
spinosus (AS 3.3450). Studies on the biotransformation
kinetics showed that after 3 h of addition of PT 4 was
largely produced, but after 72 h compound 2 was the major
product while 4 virtually disappeared from the reaction
mixture (Scheme 1). This process provides a useful means
for chemists to produce interesting new derivatives of PT
for investigation of structure—activity relationships.

Experimental Section

General Experimental Procedures. Optical rotations
were performed with a Perkin-Elmer PE324B digital polarim-
eter in MeOH at 25 °C. IR spectra were carried out on a Nicolet
Avatar FTIR spectrometer in KBr disks. HR-FT-ICR-MS was
conducted with a Bruker APEX FT-ICR mass spectrometer.
The NMR experiments were carried out on a Varian INOVA
500 spectrometer using standard Varian sequences for 1D and
2D NMR experiments in pyridine-ds, and chemical shifts are
expressed in 0 (ppm) referred to tetramethylsilane (TMS).

Silica gel (200—300 mesh, Qingdao Haiyang Chemical Co.
Ltd., Qingdao, China) and ODS (Chromatorex, 100—200 mesh,
Fujisylisia Co. Ltd., Japan) were used for open column
chromatography. Analytical HPLC was performed on an
Agilent 1100 HPLC connected to a diode array detector (DAD),
using a YMC PAK ODS-A column (250 mm x 4.6 mm i.d, 5
um, YMC Co. Ltd, Japan) with MeCN—H,O linear gradient
elution (0 min 30:70, 30 min 100:0, v/v) as a mobile phase at
0.7 mL/min. Preparative HPLC was performed using a TSP
P100 pump connected with a TSP UV 100 detector (at 210 nm),
using a YMC Pak ODS-A column (250 mm x 20 mm id, 5
um, YMC Co. Ltd., Japan) with MeCN—H50 (40:60, v/v) as a
mobile phase at 1.0 mI/min. Thin-layer chromatography (TLC)
was performed on precoated 0.25 mm thick silica gel F254
glass-backed plates (Qingdao Haiyang Chemical Co. Ltd.,
Qingdao, China) with visualization under UV light (254 nm)
and by dipping the plates into a solution of 10% (v/v) HaSO4
in EtOH and heating.

Preparation of PT. Ginseng extract was kindly donated
by Jiuhui Modern Chinese Herbs Co. Ltd (Changsha, China),
and the total content of ginsenoside was more than 80% w/w.
Ginseng extract powder (20 g) was dissolved in HyO (1700 mL),
and NalOy (86.7 g) was added to the solution. The mixture
was stirred for 5 h at room temperature and filtered using
vacuum. The filtrate was dissolved in 70% (v/v) EtOH, and
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NaBH, (7.0 g) was added. The solution was then allowed to
stand for 17 h at room temperature. After dilution with water
(800 mL), the solution was acidified to pH 1.8—2.0 by adding
2 N HySO4 and then kept at room temperature overnight. The
reaction mixture was extracted three times with equal volumes
of ether, and the ether layer was washed with water, dried
over anhydrous NasSO4, and evaporated to dryness. The
residue (2.37 g) was chromatographed on a silica gel column
(120 g) eluted with CHCls—EtOAc (12:1-2:1), which yield
fractions A—E. Fraction C was purified by using HPLC to yield
PT (1, 350 mg, 1.75%), the structure of which was confirmed
by comparison with the literature values.!®

Microorganisms and Culture Conditions. All microor-
ganisms screened in our experiments were obtained from the
China General Microbiology Culture Center (CGMCC), China.
They were as follows: Cunninghamella blakeslaena AS 3.790,
C. elegans AS 3.1207, Aspergillus niger AS 3.795, A. niger AS
3.1858, A. avernaceus AS 3.4454, Mucor spinosus AS 3.3450,
M. spinosus AS 3.2450, M. subtilissimus AS 3.2454, M.
polymorphosporus AS 3.3443, Alternaria alternata AS 3.577,
A. alternata AS 3.4578, A. longipes AS 3.2875, Absidia coerulea
AS 3.3389, Trichoderma viride AS 3.2942.

Stock cultures of the fungi were stored on potato dextrose
agar slants at 4 °C. Seed cultures were obtained by transfer-
ring fungi from stock cultures to potato dextrose broth.
Preliminary screen experiments were conducted in 50 mL
Erlenmeyer flasks containing 20 mL of potato medium. For
each fungus, two flasks were inoculated with the seed culture
and incubated on a rotary shaker (120 rpm) for 2 days at 25
°C. PT (1, 10 mg) in ethanol (0.2 mL) was added to one flask,
including an ethanol control at the same concentration. The
fermentation was carried out for 5 days, and the cultures were
then pooled and filtered. The filtrates were extracted three
times with equal volumes of ethyl acetate, and the extracts
were evaporated in a vacuum and analyzed on TLC plates.
Substrate controls were composed of sterile medium to which
the substrate was added and incubated without the microor-
ganism. The TLC analysis showed that Mucor spinosus (AS
3.3450) was able to transform PT into more products than the
other microbes tested.

Preparative Scale Biotransformation. For preparative
scale biotransformation by M. spinosus, sixteen 1000 mL flasks
containing 400 mL of potato broth medium were used and the
fungus was incubated for 3 days. A 100 mg/mL solution of 1
(0.2 mL) in ethanol was fed into each flask. Incubating con-
ditions, extracting process, and chromatographic purification
were the same as described above. On the basis of spectroscopic
analysis, their structures were elucidated as 12-oxo-150-hy-
droxyl-20(S)-protopanaxatriol (2, 15 mg, 4.69%), 27-hydroxyl-
20(S)-protopanaxatriol (3, 10 mg, 3.12%), 12-0x0-26-hydroxyl-
20(S)-protopanaxatriol (4, 20 mg, 6.25%), and 12-ox0-27-
hydroxyl-20(S)-protopanaxatriol (5, 5 mg, 1.56%), respectively.

12-Ox0-150a-hydroxyl-20(S)-protopanaxatriol (2): white
amorphous powder; [a]%p +29.9° (¢ 0.748, MeOH); IR (KBr)
Vmax 3412(0H), 1701(>C=0) ecm™!; 'H NMR (pyridine-ds, 500
MHz), see Table 1; 13C NMR (pyridine-ds, 125 MHz), see Table
2; HR-FT-ICR-MS m/z 491.3724 [M + I‘I]Jr (calcd for C30H5105,
491.3731).

27-Hydroxyl-20(S)-protopanaxatriol (3): white amor-
phous powder; [0]?°p +43.8° (¢ 0.315,MeOH); IR (KBr) vimax
3347(0H) cm™'; 'H NMR (pyridine-ds, 500 MHz), see Table 1;
13C NMR (pyridine-ds, 125 MHz), see Table 2; HR-FT-ICR-
MS m/z 493.3896 [M + H]* (caled for C3oHs305, 493.3887).

12-0Ox0-26-hydroxyl-20(S)-protopanaxatriol (4): white
amorphous powder; C30Hs00s5; [0]?°p +50.9° (¢ 0.334, MeOH);
IR (KBr) vmax 3407(0OH), 1697(>C=0) cm™}; 'H NMR (pyridine-
ds, 500 MHz), see Table 1; 13C NMR (pyridine-ds, 125 MHz),
see Table 2; HR-FT-ICR-MS m/z 491.3731 [M + H]* (caled for
C30H5005, 491.3740).

12-Ox0-27-hydroxyl-20(S)-protopanaxatriol (5): white
amorphous powder; C30Hs00s; [0]?°p +21.3° (¢ 0.141, MeOH);
IR (KBr) vmax 3405(0H), 1697(>C=0) cm™%; '"H NMR (pyridine-
ds, 500 MHz), see Table 1; 13C NMR (pyridine-ds, 125 MHz),
see Table 2; HR-FT-ICR-MS m/2491.3731 [M + H]" (caled for
C3oH5005, 491.3740).
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Table 1. 'H NMR Data () of Metabolites (500 MHz, in pyridine-ds)
position 2 3 4 5
1 1.43 1.71 0.95 1.40
0.97 1.03 1.45 0.89
2 1.85 1.89 1.82 1.89
1.84 1.84 1.84 1.86
3 3.49(brs) 3.52(brs) 3.50 3.49
4
5 1.27 1.21(d,10.5) 1.22(d,10.5) 1.22(d,10.5)
6 4.46 4.39 4.44 4.42
7 2.71(dd,13,3.5) 1.89(dd,17.5,4.0) 1.94(dd,17.5,4) 1.92(dd,17.5,4)
2.24(m) 1.85(dd,17.5,5.0) 1.93(dd,17.5,4) 1.87(dd,17.5,4)
8
9 2.00(dd,11.5,3.5) 1.57 1.88(dd,11.5,3.5) 1.88(dd,11.5,3.5)
10
11 2.42(dd,12.5,3.5) 1.54 2.33 2.30
2.35(m) 2.14 2.32
12 3.91(brs)
13 3.45(d,9.5) 2.04 3.32(d,9.5) 3.29(d,9.5)
14
15 4.88(d,8.5) 1.55 1.89 1.90
1.01 1.17 1.20
16 2.62(m) 1.82 2.04 2.00
2.04(m) 1.31 1.88 1.76
17 2.83(td,4,15,9.5) 2.30 2.71 2.68
18 1.46(s) 1.10(s) 1.26(s) 1.25(s)
19 1.05(s) 1.00(s) 0.98(s) 0.98(s)
20
21 1.40(s) 1.36(s) 1.42(s) 1.36(s)
22 1.76 1.67 1.80 1.77
1.80 2.05 1.77 1.80
23 2.35 2.69 2.49 2.51
2.24 2.43 2.37 2.38
24 5.22(dd,7,6.5) 5.47(dd,7,6.5) 5.77(d,7) 5.42(d,7)
25
26 1.62(s) 1.98(s) 4.27(s) 1.98(s)
27 1.56(s) 4.53(d,12) 1.81(s) 4.47(s)
4.45(d,12)
28 1.98(s) 1.98(s) 1.92(s) 1.96(s)
29 1.43(s) 1.44(s) 1.42(s) 1.42(s)
30 1.25(s) 0.94(s) 0.88(s) 0.86(s)

Table 2. 13C NMR Data (d) of Metabolites (125 MHz, in
pyridine-ds)

1 (PT) 2 3 4 5

1 39.3t 39.4t 39.3t 39.4t 39.4t
2 28.0t 28.0t 28.1t 27.9t 27.9t
3 78.3d 78.1d 78.4d 78.1d 78.1d
4 40.3s 39.9s 40.3s 40.0s 40.0s
5 61.7d 61.5d 61.8d 61.5d 61.5d
6
7
8
9

position

67.6d 67.7d 67.7d 67.6d 67.6d
47.4¢ 47.3t 47.5t 46.7t 46.7d
41.1s 42.4s 41.1s 41.7s 42.2s
50.0d 54.7d 50.1d 54.0d 54.0d

10 39.3s 39.1s 39.3s 38.9s 38.9s
11 31.9t 40.3¢t 32.0t 40.3t 40.3t
12 71.0s 211.3s 71.0d 211.7s 211.8s
13 48.2d 54.0d 48.2d 56.2d 56.2d
14 51.6s 56.5s 51.6s 55.5s 55.5s
15 31.3t 73.1d 31.3t 31.9t 31.9t
16 26.8t 34.3t 26.8t 24.5¢t 24.5t
17 54.7d 40.9d 54.7d 44.1d 44.1d
18 17.5q 17.5q 17.6q 17.4q 17.4q
19 17.4q 17.3q 17.5q 17.3q 17.3q
20 72.9s 73.0s 72.9s 73.2s 73.2s
21 27.0q 26.1q 27.0q 26.5q 26.5q
22 35.8¢t 42.4¢ 36.2t 41.8t 41.6t
23 22.9t 23.6t 22.5t 23.2t 23.2t
24 126.2d 125.7d 127.9d 125.2d 127.5d
25 130.7s 130.9s 136.2s 136.2s 136.3s
26 25.8q 25.7q 21.9q 68.1t 21.8q
27 17.6q 17.6q 60.8t 13.9q 60.8t
28 31.9q 31.7q 32.0q 31.8q 31.8q
29 16.4q 16.4q 16.5q 16.4q 16.4q
30 17.0q 11.4q 17.0q 17.3q 17.3q

Bioassay. Human gastric cancer BGC-823 cells and human
leukemia HL-60 cells (RIKEN Cell Bank, Tsukuba, Japan)
were maintained in RPMI 1640 medium (Gibco RBL Co.)
containing 10% fetal bovine serum supplemented with L-
glutamine, 100 units/mL penicillin, and 100 ug/mL strepto-

mycin. The cell growth was evaluated by MTT assay procedure
as previously reported.!t

Acknowledgment. We thank the National Outstanding
Youth Foundation by NSF of China for partial financial
support. We are also grateful to Dr. B. Xin for HR-FT-ICR-
MS analysis and Mr. X. Liu for NMR experiments.

References and Notes

(1) Shibata, S. J. Korean Med. Sci. 2001, 16 (Suppl.), S28—37.

(2) Sato, K.; Mochizuki, M.; Saiki, I.; Yoo, Y. C.; Samukawa, K.; Azuma,
1. Biol. Pharm. Bull. 1994, 17, 635—639.

(8) Mochizuki, M.; Yoo, Y. C.; Samukawa, K.; Matsuzawa, K.; Sato, K.;
Saiki, I.; Tono-oka, S.; Samukawa, K.; Azuma, 1. Biol. Pharm. Bull.
1995, 18, 1197—1202.

(4) Shinkai, K.; Akedo, H.; Mukai, M.; Imamura, F.; Isoai, A.; Kobayashi,
M.; Kitagawa, I. Jpn. J. Cancer Res. 1996, 357—362.

(5) Odashima, S.; Ohta, T.; Kohno, H.; Matsuda, T.; Kitagawa, 1.; Abe,
H.; Arichi, S. Cancer Res. 1985, 45, 2781—2784.

(6) Ota, T.; Yamamoto, F.; Zong, Z.; Yamazaki, M.; Odashima, S.;
Kitagawa, I.; Abe, H.; Arichi, S. Cancer Res. 1987, 47, 3863—3867.

(7) Popovich, D. G.; Kitts, D. D. Arch. Biochem. Biophys. 2002, 406, 1—-8.

(8) For the recent published papers see: (a) Ye, M.; Dai, J.; Guo, H;
Cui, Y.; Guo, D. Tetrahedron Lett. 2002, 43, 8535—8538. (b) Dai, J.;
Guo, H.; Lu, D.; Zhu, W.; Zhang, D.; Zheng, J.; Guo, D. Tetrhedron
Lett. 2001, 42, 4677—4679. (¢) Zhan, J.; Guo, H.; Dai, J.; Zhang, Y.;
Guo, D. Tetrahedron Lett. 2002, 43, 4519—4521. (d) Dai, J.; Ye, M.;
Guo, H.; Zhu, W.; Zhang, D.; Hu, Q.; Zheng, J.; Guo, D. Tetrahedron
2002, 58, 5659—5668. (e) Zhan, J.; Guo, H.; Han, J.; Ning, L.; Zhang,
Y.; Guo, D. J. Nat. Prod. 2002, 65, 1693—1695. (f) Ning, L.; Zhan, J.;
Zhong, L.; Li, P.; Guo, H.; Bi, K.; Guo, D. Tetrahedron 2003, 59, 4209—
4213. (g) Ye, M.; Qu, G.; Guo, H.; Guo, D. J. Steroid Biochem. Mol.
Biol. 2004, 91, 87—98.

(9) Nagai, M.; Ando, T.; Tanaka, N.; Tanaka, O.; Shibata, S. Chem.
Pharm. Bull. 1972, 20, 1212—1216.

(10) Asakawa, J.; Kasai, R.; Yamasaki, K.; Tanaka, O. Tetrahedron 1977,
33, 1935—1939.
(11) Sargent, J. M.; Taylor, C. G. Br. J. Cancer. 1989, 60, 206—210.

NP049688+



