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Secondary metabolites of endophytic Guignardia mangiferae from Smilax glabra
and their antitumor activities
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Abstract: Objective To study the secondary metabolites of the endophytic fungus Guignardia mangiferae from Smilax glabra and
their antitumor activities. Methods The compounds were isolated by various column chromatographies on silica gel, reversed silica
gel, Sephadex LH-20, preparative TLC, and so on. Their structures were identified by extensive analysis of their spectroscopic data.
The inhibitory effects of compounds 1—7 on SF-268, MCF-7, and NCI-H460 cell lines were tested in vitro by SRB method. Results
Twelve compounds were isolated from the extract of 100 L liquid fermentation broth and ten of them were identified as 15-hydroxyl
tricycloalternarene 5b (1), guignardiaene D (2), guignardiaene C (3), guignardone A (4), guignardone B (5), 3-(4-methylphenoxy)-
propanoic acid (6), nonane-2, 4-diol (7), ergosterol keone (8), tyrosol (9), and p-hydroxybenzaldehyde (10). The meroterpenes 1—5
showed inhibitory effects on SF-268, while compounds 6 and 7 showed inhibitory effects on MCF-7 selectively. Conclusion
Compounds 6—10 are isolated from fungus of the genus Guignardia Viala et Ravaz for the first time and compounds 6 and 7 are firstly
reported as natural products.
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&Y 1. Lok, ESI-MS m/z: 360 [M]'s
'H-NMR (500 MHz, CDCl;) 6: 5.21 (1H, td, J = 7.4,
1.2 Hz, H-5), 4.91 (1H, dddd, J = 7.2, 5.9, 2.8, 1.3 Hz,
H-3), 4.28 (1H, dd, J = 12.2, 5.5 Hz, H-15), 3.69 (1H,
dd, J = 6.8, 3.5 Hz, H-17), 3.47 (3H, s, H-17"), 3.28
(1H, d, J = 7.5 Hz, -OH), 2.72 (1H, dt, J = 11.9, 9.1
Hz, H-7), 2.48 (2H, m, H-4), 2.34 (1H, ddd, J = 13.7,
4.6, 3.8 Hz, H-9a), 2.25 (2H, m, H-12), 2.17 (1H, m,
H-11), 2.11 (1H, m, H-9b), 1.93 (1H, dd, J=11.9, 5.5
Hz, H-16a), 1.80 (2H, m, H-16b, H-8a), 1.63 (3H, d,
J =12 Hz, H-6), 1.62 (3H, d, J = 1.3 Hz, H-1), 1.57
(1H, m, H-8b), 1.47 (3H, s, H-2'), 1.34 (3H, s, H-10);
BC-NMR (125 MHz, CDCl3) 8: 195.6 (C-18), 168.5
(C-14), 134.8 (C-6), 132.3 (C-2), 128.0 (C-5), 124.0
(C-3), 106.8 (C-13), 88.6 (C-10), 80.0 (C-17), 66.8
(C-15), 59.3 (C-17), 44.2 (C-11), 42.6 (C-7), 38.5
(C-9), 35.5 (C-16), 27.3 (C-4), 26.5 (C-8), 26.3 (C-1),
23.5 (C-10"), 19.2 (C-6"), 18.5 (C-2"), 16.7 (C-12). LA
EHd S ScmkAoE — 807, AR 1, et
W) 1 24 15-hydroxyl tricycloalternarene 5b.

&Y 2: AR (CEF B . ESI-MS m/z:
315 [M—+Na]". 'H-NMR (500 MHz, CDCI3) 6: 4.74
(1H, brs, H-2"a), 4.65 (1H, brs, H-2'b), 4.26 (1H, t, J =
4.5 Hz, H-11), 3.72 (1H, dd, J = 6.6, 3.6 Hz, H-13),
3.46 (3H, s, H-13"), 2.38 (1H, dt, J = 13.8, 4.1 Hz,
H-12a), 2.35 (1H, d, J = 17.6 Hz, H-8a), 2.23 (1H,
ddd, J = 13.8, 6.6, 5.5 Hz, H-12b), 2.16 (3H, m, H-3,
8b, 5a), 1.95 (2H, m, H-7, 4a), 1.80 (1H, ddd, J = 14.1,
11.3, 7.1 Hz, H-5b), 1.67 (3H, s, H-1), 1.55 (1H, m,
H-4b), 1.35 (3H, s, H-6'); "*C-NMR (125 MHz, CDCl;)
5:195.0 (C-14), 167.7 (C-10), 145.5 (C-2), 111.3 (C-2'),
105.9 (C-9), 87.7 (C-6), 79.2 (C-13), 65.8 (C-11), 58.4
(C-13"), 48.9 (C-3), 43.3 (C-7), 37.5 (C-5), 34.5 (C-12),
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Fig. 1 Structures of compounds 1—5

27.0 (C-4), 22.4 (C-6'), 19.3 (C-1), 16.2 (C-8). LA L%k
P e — 5, sLE 1, Rt A 2
Jy guignardiaene D

& 3: Lk, ESI-MS m/z: 301 [M+
Na]". 'H-NMR (500 MHz, CD;0D) &: 4.73 (1H, brs,
H-2'a), 4.66 (1H, brs, H-2'b), 4.40 (1H, dd, J = 11.4,
5.0 Hz, H-13), 4.28 (1H, t, J = 3.3 Hz, H-11), 2.33
(2H, m, H-3, 12a), 2.24 (1H, dd, J = 17.2, 1.2 Hz,
H-8a), 2.14 (2H, m, H-8b, 5a), 2.03 (2H, m, H-12b, 7),
1.95 (1H, m, H-4a), 1.87 (1H, m, H-5b), 1.69 (3H, s,
H-1), 1.58 (1H, m, H-4b), 1.33 (3H, s, H-6'); *C-NMR
(125 MHz, CD;0D) 4: 200.3 (C-14), 169.8 (C-10),
147.5 (C-2), 111.6 (C-2"), 106.4 (C-9), 89.1 (C-6),
68.6 (C-13), 67.3 (C-11), 50.1 (C-3), 44.4 (C-7), 39.3
(C-12), 38.5 (C-5), 27.9 (C-4), 23.4 (C-6), 19.1 (C-1),
17.2 (C-8)o LA %l 5 3cmikiiiss— 50, st WL
1, #MUEEAH 3 4 guignardiaene Co

&Y 4. AE K. ESI-MS m/z: 313 [M+
Na]". 'H-NMR (500 MHz, CDCL3) ¢: 4.73 (1H, m,
H-16a), 4.61 (1H, m, H-16b), 4.55 (1H, d, J= 5.5 Hz,
H-4), 3.81 (1H, dd, J = 7.9, 1.3 Hz, H-7a), 3.49 (1H,
d, J = 7.9 Hz, H-7b), 2.46 (1H, dd, J = 10.7, 5.5 Hz,
H-5a), 2.34 (1H, d, J = 17.2 Hz, H-8a), 2.15 (3H, m,
H-14, 8b, 12a), 2.03 (1H, d, J=10.7 Hz, H-5b), 1.94
(2H, m, H-13a, 9), 1.81 (1H, m, H-12b), 1.65 (3H, s,
H-17), 1.55 (1H, m, H-13b), 1.32 (3H, s, H-11);
BC-NMR (125 MHz, CDCl;) J: 198.8 (C-1), 172.8
(C-3), 145.2 (C-15), 111.5 (C-16), 102.9 (C-2), 89.3
(C-10), 81.7 (C-6), 78.5 (C-4), 70.6 (C-7), 48.6
(C-14), 44.0 (C-5), 43.2 (C-9), 37.3 (C-12), 26.8
(C-13), 23.2 (C-11), 19.1 (C-17), 15.5 (C-8). DA%k
5 ScikiRoE — 50, SR 1, s a ) 4

A guignardone A

&Y 5. FAE K. ESI-MS m/z: 331 [M+
Na]’. 'H-NMR (500 MHz, CDCl;) 8: 4.58 (1H, d, J =
5.5 Hz, H-4), 3.83 (1H, d, J = 7.9 Hz, H-7a), 3.53
(1H, d, J = 7.9 Hz, H-7b), 2.64 (1H, dd, J = 17.0, 1.3
Hz, H-8a), 2.46 (1H, dd, J = 10.7 5.5 Hz, H-5a), 2.28
(1H, dd, J = 17.0, 6.2 Hz, H-8b), 2.09 (1H, m, H-9),
2.04 (1H, d, J = 10.7 Hz, H-5b), 2.02 (1H, m, H-12a),
1.88 (1H, m, H-13a), 1.66 (1H, m, H-12b), 1.58 (2H,
m, H-14, 13b), 1.34 (3H, s, H-11), 1.23 (3H, s, H-16),
1.20 (3H, s, H-17); "C-NMR (125 MHz, CDCl3) 6
198.7 (C-1), 174.0 (C-3), 102.6 (C-2), 90.7 (C-10),
81.7 (C-6), 78.4 (C-4), 72.9 (C-15), 70.6 (C-7), 51.1
(C-14), 44.0 (C- 5), 41.3 (C-9), 38.4 (C-12), 28.8
(C-16), 27.5 (C-17), 24.7 (C-13), 22.9 (C-11), 182
(C-8). DAEXodis 5 3cmkdhis 5, dii s 1,
YEAY) 5 M guignardone B.

A 6: Tt 4 (=5 T %8 . "H-NMR (500
MHz, CDCl;) 6: 7.08 (2H, d, J = 8.5 Hz, H-3', 5),
6.77 (2H, d, H-2', 6'), 5.18 (1H, s, 1-OH), 4.24 (2H, t,
J=17.1 Hz, H-3), 2.86 (2H, t, J = 7.1 Hz, H-2), 2.05
(3H, s, H-7); "C-NMR (125 MHz, CDCl3) J: 172.3
(C-1), 155 (C-1), 131.4 (C-4"), 131.0 (C-3', 5'), 116.3
(C-2', 6), 66.2 (C-3), 35.1 (C-2), 22.0 (C-7"). ZH% L
BRARIED, St 5 6 4 3-(4-HI KA HL)- IR -

A 7 O (ZE T . 'H-NMR (500
MHz, CD;0D) §: 3.98 (1H, m, H-2), 3.77 (1H, m,
H-4), 1.52~1.26 (10H, m, H-3, 5, 6, 7, 8), 1.16 (3H,
d, J =63 Hz, H-1), 0.92 (3H, t, J = 7.1 Hz, H-9);
BC-NMR (125 MHz, CD;OD) &: 68.8 (C-4), 65.0
(C-2), 46.8 (C-3), 38.6 (C-5), 32.6 (C-7), 26.0 (C-6),
23.8 (C-1), 23.2 (C-8), 13.9 (C-9). LA &t ¥k 5 ¢
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BRIROE — 2, WA T N 2, 4-T
&Y 8: M AK. 'H-NMR (500 MHz,
CDCLy) 6: 6.62 (1H, d, J = 9.5 Hz, H-7), 6.04 (1H, d,
J=19.5 Hz, H-6), 5.75 (1H, s, H-4), 5.24 (2H, dd, J =
15.2, 7.3 Hz, H-22, 23), 1.06 3H, d, J = 6.7 Hz,
H-21), 1.00 (3H, s, H-19), 0.96 (3H, s, H-18), 0.93
(3H, d, J = 6.8 Hz, H-28), 0.85 (3H, d, J = 6.8 Hz,
H-26), 0.83 (3H, d, J = 6.8 Hz, H-27), 2.57~1.23
(17H, m); "“C-NMR (125 MHz, CDCls) d: 199.5
(C-3), 164.4 (C-5), 156.1 (C-14), 135.0 (C-22), 134.0
(C-7), 132.5 (C-23), 124.5 (C-8), 124.4 (C-6), 123.0
(C-4), 55.7 (C-17), 443 (C-9), 44.0 (C-13), 42.9
(C-24), 39.3 (C-20), 36.8 (C-10), 35.6 (C-12), 34.1
(C-2), 34.1 (C-1), 33.1 (C-25), 27.7 (C-16), 25.4
(C-15), 21.2 (C-21), 20.0 (C-26), 19.7 (C-27), 19.0
(C-18), 19.0 (C-11), 17.6 (C-28), 16.7 (C-19), LA_I-%k
o5 SCHRARIE 5, WS RS 8 S F A
WA 9: Tt i R . 'H-NMR (500 MHz,
CD;0D) 6: 7.02 (2H, d, J = 8.4 Hz, H-3, 5), 6.71 (2H,

d, J = 8.4 Hz, H-2, 6), 3.68 (2H, t, J = 7.2 Hz, H-8),
2.71 2H, t, J = 7.2 Hz, H-7); "“C-NMR (125 MHz,
CD;0D) 6: 156.2 (C-1), 130.6 (C-4), 130.5 (C-3, 5),
115.9 (C-2, 6), 64.1 (C-8), 38.9 (C-7). LL F¥dli 53¢
Bk IE ), WA 9 N IKEE

AW 10: To kS (PR . 'TH-NMR (500 MHz,
CDCly) 8: 9.87 (1H, s, H-7), 7.82 (2H, d, J = 8.7 Hz, H-
2, 6), 6.99 (2H, d, J = 8.7 Hz, H-3, 5), 6.09 (1H, s,
4-OH); "“C-NMR (125 MHz, CDCls) d: 192.1 (C-7),
162.3 (C-4), 133.4 (C-2, 6), 130.9 (C-1), 116.9 (C-3,
5y PAEXE S ScikaoE — 8, tham 10 SN
RFRIER I
5 {LEYIRIRIMBREE M

IS g BHPERT I, R SRB AW se th Ay
Y 1~7 %} SF-268. MCF-7 Fll NCI-H460 i3 41 ity
PRIGANEIZ (R Do 25 I1RW], AR a1~
5 %+ SF-268 41 My FLAT B i e, 459 6.
7 %+ MCF-7 41 i B Btk 4l fE i, (Rl fE
EESEESR

Fz1 WEW1~7 3 3 HEEEEKEIIIEHER (x+s,n=3)
Table 1 Inhibition of compounds 1—7 on three tumor cell lines (x+s,n =3)

N i 2/ %
et P/ (ugml") SF-268 MCF-7 NCI-H460
1 100 41.8%£4.6 10.6£0.9 0.5+0.2
2 100 36.2£0.9 49+1.9 0240.2
3 100 41.3+32 6.3%0.5 02%0.4
4 100 50.7+2.1 21.0%+0.7 1.6+0.7
5 100 34.0£2.5 6.3+1.6 0.240.1
6 100 28.4+1.6 44.0£0.6 02+1.4
7 100 21.5£1.9 56.0+£1.0 13.4+£34
JBLE 10 93.7£3.0 84.2+0.7 97.9+£0.5
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ZREERIM AW 15-hydroxyl tricycloalternarene
5b. guignardiaene A—D. AR EY 1~
4 3% N 15-hydroxyl tricycloalternarene Sb.
guignardiaene D+ guignardiaene C. guignardiaene Ao
2010 4F Yuan Y55 MARIE T 3 MERL A
guignardone A—C, AW HNEY 5 %EEN
guignardone B. SCRRHRIE ARG RSV DT

SF-268. MCE-7 il NCI-H460 87 4H Mo ik (30 4
AN . A Ja (AT n] 5 A0 2% 8 e A T HAth 24 B 3%
PE, R TF AR FH S 45 K0 R AR 7= ) B4 5 Shi
WA 6~10 3524 7 IR IK HE B i L B 43
2, HAEY 6. 7 AHIIRIR“ . 3-(4-F A5
F)-IR (6) W LAfEA 1 4- (i ML & Wik fi v
6 R S 3-SR IR R AR, Az
CNELTE AU ™= h 4 B R iz & . Tiak,
SCHRIRE BT TR 1) B A A R R S G A
nonane-2, 4-diol (7) "%, 7Szt e N L1 (AR
Y oy BRI A G, O AROE T e mnk £



* 860 ¢ %% Chinese Traditional and Herbal Drugs 3£ 43 % 55 53] 201245 H
R [6] Goosen A, Morgan D H. Autoxidation of nonane and
[1] Tan R X, Zou W X. Endophytes: a rich source of decane: a product study [J]. J Chem Soc Perkin Trans 11
functional metabolites [J]. Nat Prod Rep, 2001, 18(4): Phys Org Chem, 1994 (3): 557-562.
448-459. [71 Fujimoto H, Nakamura E, Okuyama E, er al. Six
[2] 5 I HRN4NTE TA BRE A N E LA AF001.EYR61 immunosuppressive features from an ascomycete,
B IRBACH = () #) 5098 [D). B JE TR, Zopfiella longicaudata, found in a screening study
2008. monitored by immunomodulatory activity [J]. Chem
[31 Yuan W H, Liu M, Jiang N, et al. Guignardones A—C: Pharm Bull, 2004, 52(8): 1005-1008.
Three meroterpenes from Guignardia mangiferae [J]. Eur [8] S/, #8F 4R, BAEIE, . KALL 5ok OB
J Org Chem, 2010, 2010(33): 6348-6353. FIAL 7 W BE 5T (0], BRARE il BHBE, 2008, 24(4)
[4] Bk, BAR, BEIEME, 55 ARZ A AR 322-323, 326.
B2 AR LTI [J]. TR 227 B 229, 2011, (9] FEIXHE, 34, O, & =AM SRR
27(3): 256-259. 55 ], PRFHZSRLRE2544K, 2008, 25(11): 880-882.
[51 ZELriV, X, SREVL, 25 WOdgaEs N B-I7 AN R [10] Skehan P, Storeng R, Scudiero D, et al. New colorimetric

AR K A8 (9], WK 2R HARBHE R,
2008, 28(4): 399-402.

cytotoxicity assay for anticancer-drug screening [J]. J
Natl Cancer Inst, 1990, 82(13): 1107-1112.

“+ZhH EREREP HRAKIGE

(HEPZEMR KERY (B B D

AR F 69 MR AR P K AR TT B R, ML E R A R R AR AL
ey ME . RS B ARG LB F B, AR KN R 6T ATIRR, BR
o 35 25 3 i AR R . TR B ) A BB AR A TR M B AR A IR R G FTAR e a3
Sk, MAE IR LA F AR R R B F AR LR, KD TE R
PR ARE, KT, F5 AW EERSARGE ER, 122, Xk FrE
H R de LARIAE T AT L7 6 P 9 F KRBT b, RA8 Rk H AR R4 # 4
T HTREAFRRFTRGE E,

REAMFRREDRABNFRERELAEEANHERINATXFT, £ES WUhEHERSHIEE
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L (FLZAR 55T ). FL N, TR0 TE. 2R (R, BE. BB, =, .
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