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Biotransformation and antitumor activity of triterpenoid derivatives from Ardisia
gigantifolia
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Abstract: Objective To study the chemical constituents of transformed products by Sphingomonas yabuuchiaze GTC 868"
(AB071955) and Pectinex Ultra AFP from the saponin of Ardisia gigantifolia. Methods Transformation products separated by the
process of silica gel column, compounds were identified and elucidated by spectral and chemical methods. Their cytotoxicity activities
were tested by Cell Counting Kit 8 colorimetric assay. Results Five triterpenoid saponins were obtained, including 3B-O-
{a-L-rhamnopyranosyl-(1—3)-[B-D-xylopyranosyl-(1—2)]-B-D-glucopyranosyl-(1—4)-a-L-arabinopyranosyl } -cyclamiretin A (1), 3f-
O-{B-D-glucopyranosyl-(1—4)-[3-D-glucopyranosyl-(1—2)]-a-L-arabinopyranoside}-cyclamiretin A (2), 3B-O-{p-D-glucopyranosyl-
(1—>2)-a-L-arabinopyranoside} -cyclamiretin A (3), 3-O-a-L-arabinopyranosyl cyclamiretin A (4), and cyclamiretin A (5). Conclusion
Compounds 2—S5 are obtained by biotransformation for the first time. Some of the compounds showed certain antitumor activity,
among them, compound 2 shows more cytotoxicity activity than Ag3 and positive control.

Key words: Ardisia gigantifolia Stapf.; triterpenoid saponins; biotransformation; endophyte; enzyme; antitumor; 38-O-{B-D-gluco-

pyranosyl-(1—4)-[B-D-glucopyranosyl-(1—2)]-a-L-arabinopyranoside } -cyclamiretin A; cyclamiretin A
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BAT A IHIE R, L 1Cso (B8 2.1, 1.8+
2.0 A1 1.9 umol/L. N 1 345 HA A FIHEEE 45 0 (1)
&, WAL IR I 20%0 ER F R ZAL S kAT
TRKME, &ERRBT 44 13, 28 S INTE B BEER )
KR, At a i AR R 2, BRI % .
72 2RAG AR AT B 58 7= o A2 % A EH A0
A B B AL A OB, BT T AR R R
SEREAL, BIEKM. BRI AR AL ), A b
M5, AW A0 ) LA B B ) 45 ) i 3 Mk ANRE S
PE, JEH A R T =0 2 X B S A R S
&1 o

AV MGE D R 250 TR 4 B I tH— R
PR MR, &% N Sphingomonas yabuuchiae GTC
868" (AB071955), H:xt Ag3 HAHALIEM. ik
4 Fh B A KA E FH 188, R ISR (Pectinex ) Ultra
AFP 5t Ag3 HATHAMER « A SR H A0S 174
IR AT AT 73 B, AR 3] 5 ANHEREST /AN
FI AR S, i S8 N 3B-O-{o-L-ML FR 2

BB 2E-(1—3)-[ B-D- Mk I A B8 25 -(1—2)]-B-D- L i
%) B -(1—>4)-o-L- MLt WA o] 37 17 0% 2 - 78 s fi B A
( 3B-0-{a-L-rhamnopyranosyl-(1—3)-[B-D-xylopyra-
nosyl-(1—2)]-p-D-glucopyranosyl-(1—4)-a-L-arabino-
pyranosyl}-cyclamiretin A, 1)+ 3B-O-{B-D-Mt R %
Wil -(1—4)- [ B-D- P e 7] 67 B 2 (1—2)]-0-L- L i o
FARFERL -VE s hi B A (3B-O-{B-D-glucopyranosyl-
(1—-4)-[B-D-glucopyranosyl-(1—2)]-a-L-arabinopyra-
noside}-cyclamiretin A, 2). 3B-O-{B-D-MH M5 % b
F-(1-2)-0-L-MHE IR LA R 36 - P e F i A (3B-0-
{B-D-glucopyranosyl-(1—2)-a-L-arabinopyranoside} -
cyclamiretin A, 3). 3-O-o-L- Mg S 37 17 4% J5- 7 o
it A (3-0-o-L-arabinopyranosyl cyclamiretin A,
4). MR HREEF It A (cyclamiretin A, 5). Z5H4
W 1. A& 1~5 NERMNGE S IR =m S H AN
A BARE], %5 MUEEMMARE NES

R S EIRRIE . JREIE CCK VBRI
AP WIEAT T W1 BB MRS 1 O i

1 EDR=IEEH Ag3 REFE W ~YIRIEH

Fig. 1 Structures of triterpenoid saponin Ag3 and its biotransformation derivatives
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() Biflg RN RM T~ RARD; 45
M GFEHIZAARAR, #t'5 2090271DB).

CCK-8 W& (HAMA S FEALETH A

RPMI 1640 }57# % (Gibcol BRL); Rnase A. fii‘f:
M. LT (DMSO). BEAR (KW HE L
AV TREARARD:, “HEWk. kg%, +
TOKBEERRE . BEIR BE IF T AN H RS AT
T4 i [ 24 4R A 2R PR A JI 4R, Ky
el K .

1.3 “Afm

NI AS49. ANFHEAIAE Bel-7402. N5
HUEAIM HeLa. A SMHEANM CNE. A B 40
HepG-2 3404 T 1 [ = 2 B} 22 B e Jed T 5 T o
1.4 fHEYF0Es

B A P AR B A S0 2 MGE T iR BT i 2
IrERAS, b E R R R B A A B AR AT
INENT A E N Sphingomonas yabuuchiae GTC
868" (AB071955); HJH§ (Pectinex) Ultra AFP
(SON60088) 1 H i 4 (HHED AMEAFRAF.
1.5 ISP2 35 &

FERERIY) 0.4 g H2F M 0.5 g+ BiflE 2 g
G 0.4 gv HAYEAZE 100 pL. fEE s 100 pL
ZZMMK 100 mL. KrFRdE 121 CHEEKE 15~20
min, AHE 50~60 CHIINAMHIFZE0E BIER 2.5
mg/L. FELH R 5 mg/L. BASFREF 2.5 mg/L.

1.6 F4%k

1.6.1 AV (EREMTRES RS R RS AR
W R AN B R P R AR 1) 0 R T A 55 77 4
W, RS SIS A R R IR AR PR RV B D vk, AT
e Ag3 TEIGFRAE PR T =4 | SR =) fs
BRI AR FRE (R 2 5 S 26 A ) ) S 6 A A 4
FREAME, FEI0NAH A=AV E Ag3 TR, DAHERR
TR A By 7= 2R IR AR PR S 6 46 it R 52
W) . 87 REFERE] (2. 64 11 d) X AEMEEAL =
R o Fe M€ Sphingomonas yabuuchiae GTC
868" (AB071955) #53% 11 d Ja ] LU I 540
¥ Ag3.

Sphingomonas  yabuuchiae GTC 868"
(AB071955) M T KB HI R ISP2 i iALS IRt
H, 7E 28 CEWII R B s IR B AR 20 il B ol
F 4 500 mL Fréf MR ARRT IR A, BEIRAMN
28 °C. 100 r/min, }%7%3d, fHEMATHERAEK
W, IR 400 mg HHATIEEIE ORPIH H B

fift, HREAEILREFRAR R AT HON 0.25%,
E R = H B IRV R TR R P AR EIRIE N
0.2 mg/mL), FREEREFRE 11d.
1.6.2 BEFlL DL Ag3 (150 pL %@ pH 4 2
MR, RN 1 mg/mL) {ENEY, FIFR
JR: B Ultra AFP % e SEESF[A] (154 214 27, 32, 48,
52, 56 h). N pH{H (2.2, 3. 4. 5. 6. 7+ 8).
RBRE (200 30 40, 50, 60 C) HHTHE, X
Fl TLC bk, e F=a s e N B  Fe A o
Wi S N 2N 50 °C, pH4, [NATTE] 52 he

FREURY) 500 mg, VAT R 300 mL 221K
(pH 4> 500 mL #EJEHEH, I 8 mL SR HE Ultra
AFP, [FIFEERIER & 4 R R, A3E T 50 C
TE R KA RV 52 he
1.7 #UEYNSE

BREYE, oSSR BRI 3 K,
PR KA IR T R 3 Ik, & IFIE T REAEHY
W R4, 1FEAF YIRS 650 mg. Y FT Sk
WERAE LT 5, Eh-FEE-K (8:2:0.2)
Velbi, REFALTIIED 1 (402 mg). JKY) Ag3
(120 mg)-

VI S BRI, S F S B SR SR ZEE 3 K,
R KA IR T BEASH 3 %, 43 & B IR &
FEACHURANIE T REAEOR, R4Ys, 19EERR S BRFEAL
PV 280 mg, 1E T REEEAL YA L 350 mg.
W 1E T B 2 A5 AR v s i A i i b AT 4
SAG-FEE-K (8121024 7:3:0.5) MKIKBER,
BRMEY 2 (363 mg). 3 (22.8 mg), JEY Ag3
(85 mg)o NFBAIR £ T8 JZ 5 ki i i ik R A 1%
T, RAG-HEE (9 D). EAh-FEE-K (9
1:0.1) B, MmSHAHEY 4 (19 mg).
5 (10 mg)-
2 HMEE

HEW1: BELEEMAR; LRREF-IREER R
R o-ZE M -IR BRI R N 45 B TS 10% 00 R
() 2.1 o)t R T, HEDNZAL S AT REA
=hEREFIREY. ESIMS A miz: 1 067 [M+
Nal®, 45 &AL IRIE o B 45 By e 2o 7 30h
Cs,Hs40,1. ' H-NMR (600 MHz, pyridine-ds) % &,
6 NMAMIEFR TES oy 0.87 3H, s, Me-25), 1.05
(3H, s, Me-29), 1.01 (3H, s, Me-24), 1.20 (3H, s,
Me-23), 1.28 (3H, s, Me-26), 1.55 (3H, s, Me-27)
A 6 AL 715 on 1.63 (3H, d, J = 6.0
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Hz) MIAERX: 4 DB SR 5515 5 ou 5.91
(1H, brs, Rha-H-1), 5.01 (1H, d, J = 6.0 Hz, Xyl-H-1),
4.85 (1H, d, J= 7.8 Hz, Glu-H-1), 4.60 (1H,d, J=17.2
Hz, Ara-H-1) LK 1 NMEZUE S on 9.62 (1H, s) H
PERIZIX . BRI Ag3 1) 'TH-NMR. PC-NMR i
HARAEAT LG, R T 1 AN AR . Gl A B
SCHR, KL PC-NMR B (R 1. 2) HcikiiiE
HA—FY, WA 1 3B-O-{o-L-HIH 2
HEFE-(1—3)-[B-D-MHL I AL -(1—2)]-B-D- AL IR 3 %
T EMEELF 1~5 BITARYGE (150 MHz, pyridine-ds)
Table 1 *C-NMR data for aglycone moieties of 1—5 (150
MHz, pyridine-ds)

{7ZIA 1 2 3 4 5
1 39.1 39.7 39.3 39.3 38.9
2 26.6 26.6 26.7 26.9 27.4
3 89.0 89.0 88.8 88.7 86.3
4 39.5 39.2 39.7 39.7 39.0
5 55.7 55.7 55.7 55.8 55.1
6 18.0 18.0 18.0 18.0 17.7
7 34.4 33.4 34.4 32.4 34.0
8 42.1 44.1 42.6 42.6 422
9 50.5 50.5 50.5 53.4 50.1

10 36.5 36.9 36.9 42.6 36.9
11 19.8 19.8 19.2 18.6 18.6
12 324 34.4 32.7 30.0 322
13 86.4 86.4 86.4 86.4 86.3
14 447 447 447 44.1 44.0
15 36.9 36.9 36.9 32.7 37.1
16 77.3 77.7 77.0 77.0 76.8
17 442 447 44.1 483 43.6
18 53.4 53.4 53.4 50.5 52.4
19 33.5 30.5 33.4 33.4 33.1

20 483 483 48.4 36.9 48.0

21 30.5 30.5 30.5 37.0 30.0

22 32.7 32.7 32.4 30.5 31.5

23 28.2 28.2 28.2 24.1 28.0

24 16.5 16.5 16.8 16.8 16.1

25 16.5 16.5 16.5 16.5 153

26 18.6 18.6 18.6 18.6 18.1

27 19.2 19.2 19.8 19.2 19.6

28 77.9 78.7 71.7 71.7 772

29 242 242 242 28.2 23.9

30 2075 207.5 207.5 207.5 207.1

BE-(1—4)-0-L-ME IR R AT 55 ) - P e Rl A

ED 2: AOLEEMA: o-ZEm-IRIER X
LN 2 R IR B R S5 LIS N B s 10% 0 R 1 2
BRERAME, HNZLED RN = B H s
1.ESI-MS 45t m/z: 951 [M~+Na]’, 454 "H-NMR.
BC-NMR #4587 T A C47H76015. 'H-NMR (600
MHz, pyridine-ds) #1, 6 NMARESES oy 0.87
(3H, s, Me-25), 1.07 (3H, s, Me-29), 1.01 (3H, s,
Me-24), 1.17 (3H, s, Me-23), 1.30 (3H, s, Me-26), 1.54
(3H, s, Me-27) HIMAEREX; (KX MHI T 3
ARG EER 7155 on 5.18 (1H, d, J = 7.8 Hz,
terminal Glu-H-1), oy 5.12 (1H, d, J = 7.8 Hz, inner
Glu-H-1), 6y 4.95 (1H, d, J= 6.6 Hz, Ara-H-1) LL}% 1
ANEEEAS S 0y 9.62 (1H, s). BRI Ag3 (17 'H-NMR.
PC-NMR #¥EEEA L, B e AR, A
[F] 2 AR LEFRERE S 00 7 1 AN BRZSHEA 1 AN ARE.
BC-NMR #5E (£ 1. 2) 5 3CHRIRE 3R IE A
—5M, A 2 MRS R 2R AR )
W) 3B-O-{B-D-tk e 7 %] B F-(1—4)- [ B-D-Fik e 7] %)
BEIE-(1—2)]-0-L-PEk PR BT 37 A1 B8 258 3 - P S R A

ED 3. AELEEMA: o-ZEM-IREEE K
AN 2 BRI -R R R S L35 M B s 10% 0% R 2B 5
OREAE, FORZLEY RN = B RS
Y. ESI-MS 25 m/z: 789 [M+Na]", &%
PRI E TN CyHeO13. 'H-NMR (600 MHz,
pyridine-ds) 11, 6 MHHIEEIE T oy 0.86 (3H, s,
Me-25), 0.96 (3H, s, Me-29), 1.01 (3H, s, Me-24), 1.21
(3H, s, Me-23), 1.29 (3H, s, Me-26), 1.54 (3H, s,
Me-27) HIERAIX, 6 A HEEE(E 5 & =ik
BHRUAVRRHEE S KX BT BREE
5 61 9.62 (1H, s). IREY Ag3 ¥ 'TH-NMR.. *C-NMR
TEERA AT LG, A2 AR TR R T 1
AN RAFTRE R 1 AR i 70 o e A R SOk, K
Bl PC-NMR #EHE (% 1. 2) 5CkRERA—
F, WEEEE 3 9 3B-O-{B-D-Mt i w -
(1—2)-ou-L- ML At e 7 A1 3 85 -7 s b B AL

WEY 4: AETLERMAR: o-ZEM-IKEEE R
A 2 BRI - IR BRI S S 38 A FE M s 10% 0 R 2.1 5
BRRA M, NMIRRIZ G REN = B %
&9, ESI-MS 25 miz: 622 [M+NH,]", 4581
LB E 7> T 2N CasHse0s. 'H-NMR (600 MHz,
pyridine-ds) H, 6 ™1 F 2L S5 5 on 0.86 (3H,
s, Me-25), 0.96 (3H, s, Me-29), 1.01 (3H, s, Me-24),
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T2 EMEENE 1~4 FEEEEB A EIE (150 MHz, pyridine-ds)
Table 2 '*C-NMR data for sugar moieties of 1—4 (150 MHz, pyridine-ds)

B fir 1 2 {I30A 3 4
Ara-1 107.1 Ara-1 104.4 Ara-1 104.8 Ara-1 107.5
2 74.7 2 78.7 2 81.1 2 73.0
3 73.4 3 72.4 3 73.4 3 74.7
4 81.4 4 78.4 4 68.3 4 69.5
5 65.7 5 62.7 5 64.8 5 66.8
Gle-1 105.4 terminal Gle-1 105.8 Glu-1 106.1
2 81.7 2 75.7 2 76.4
3 86.7 3 71.7 3 78.2
4 69.5 4 71.5 4 71.6
5 78.1 5 78.1 5 78.2
6 62.7 6 62.7 6 62.6
Xyl-1 105.6 inner Glc-1 102.0
2 75.7 2 75.7
3 77.7 3 71.7
4 71.0 4 71.7
5 66.2 5 78.2
Rha-1 103.7 6 62.7
2 72.2
3 72.6
4 73.6
5 70.6
6 18.4

121 (3H, s, Me-23), 1.29 (3H, s, Me-26), 1.55 (3H, s,
Me-27) HIE R, EA R =i 2 2R & m
FHEE S KXW T 1 /MR AL 115 5
oy 4.77 (1H, d, J = 7.2 Hz, Ara-H-1), PLK 1 NS
55 0y 9.62 (1H, brs). FRIEY Ag3 ¥ 'TH-NMR.
BC-NMR 3 H R AN b, AR 2 AE TR i
TRET 1V ABTHAARE . ZREILIRIE (R 1. 2) %
W5 kiR E A ), M AE Y 4 A
3-O-ot-L- MW R 7 A7 B 25 P o B A

WEYS: BETERMA: o-ZEM-IRERER R
LA R T - IR B R S S35 R A s 10% B R £ 1
R M, FORZLAEYTREN =i B RIS
¥). ESI-MS R m/z: 495 [M+Na]', 45 &%hi%
P E S TN CyHyO4o 'H-NMR (600 MHz,
CDCL) ', @XM ERT 6 MyHER TG
5 0y 0.74 (3H, s, Me-25), 0.84 (3H, s, Me-29), 0.95
(3H, s, Me-24), 0.98 (3H, s, Me-23), 1.11 (3H, s,
Me-26), 1.22 (3H, s, Me-27), ‘EA T2 =il B H AR5

MRFIES 5 RHXIBILT 1 MEELES on 9.40
(1H, s). BT 5EMH '"H-NMR. "C-NMR %4z
MXTLE, ZAEYNIRII 2R S i R s, H
BC-NMR #EHE (% 1.2) 5xmkifkig s s —z,
WS EAEY) 5 NPE s h R T A
3 HEREIEMENIR

SEEG I $E AS49. Bel-7402. HeLa. CNE. HepG-2
AR IR, R CCK-8 kA&t EDE=
5 BE KA Ag3 S 5 AN AT A RS
PEIIAR,  COBEAVE NP EXT 258 . (L&t 5 F
6 200 ) A R R LR 3

Mg (R 3) K, thEW 4. 5% 5 #p
AT B E I A 3 XX LegH )
UL — & B3N R, 6 CNE B30 28R A B
B AW 1N 6 Tl g # R I0 H BH 2 B 0 F
G 2 X % A BRI LR e o R, U
XN A HepG-2 [ 4H M 575 14 B4 Ag3 Al
P 2 24 U8 5 4
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#3 AN AEMEABRAIEIEE (X Ls,n=5)
Table 3 1Cs value of different drugs on different tumor cells (X x5, n=15)
ICs¢/(umol-L™"
) so/(p )
CNE HepG-2 HeLa A549 Bel-7402
1 48.1940.33 22.30%£1.37 19.88£0.77 32.0340.80 30.80£0.62
2 18.90£0.58 14.49£0.89 20.01£0.61 16.341+0.22 14.42£0.09
3 >50 33.50%+1.02 34.71%£0.42 41.53£0.39 34.85+0.77
4 >50 >50 >50 >50 >50
5 >50 >50 >50 >50 >50
Ag3 10.9610.27 30.71%£0.55 10.70%0.53 4.5940.52 13.881+0.87
I 30.22+£0.43 17.77£0.58 43.61+1.21 11.40+1.78 32.96+0.94
4 Vg structure-activity relationship study against cancer cells

T A= WA B T R RT LAE 9] BOE AR 31—
RGN, HRXERUD P A Z 5B E RS
P AW . R AT IR e th 5 Aspergillus
avenaceus AS 3.4454 FEEME IR Alternaria alternata
AS 3.6872 XFEH) Ag3 HEAT T HALWEIL, R TR
FEAR R 2 R o BT R S ARt vy
O E B i i 25 h R AR T BT A, O
i 16 X Ag3 A K ARIEVE R B, R I 1k R A
Sphingomonas yabuuchiae GTC 868" (AB071955).
(G I 7 16 2 Fh i A5 (X0l R IR RS (Pectinex)
Ultra AFP BEGRY Ag3 Fedb N/ MRYE G A
S0 6 6 368 Ik X P R AT A3 B Ak bl A
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2y Wt FLAR B HRE
SE K
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