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> L2 2w 1,2 >, 1,2 e 1,2 prgpoe 1,2 oy 52 1,2 S = 1,2 1,2
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WE: XL E BB (Acanthus ilicifolius L)W Aspergillus terreus GXIMD 03158 FUAN BT 16 MR PR =40 004 7
o RIVZFEIEHARINZERGACET W17 73 s alifl, 256G R0 . B R s o B Bk Ao 20 G i B 4 FiApb
BYEH . N A. terreus GXIMD 03158 fU 3oy B4 Hh 10 MEEH), 225557150 dankasterones A (1), (14a, 22E)-14-
hydroxyergosta-4, 7, 22-triene-3, 6-dione (2), steresterone B (3), ergosta-4, 6, 8(14), 22-tetraen-3-one (4), herbarulide (5),
demethylincisterol A; (6), isochaetochromin B, (7), isochactochromin B, (8), (E)-7, 9- —f-11-8ILF ISR (9)F1 aspergilfuranone
A (10), FHR H R P B A I G 1k & 0%t (1 (68 %5 3K B (Staphylococcus albus) . 4 B (64 % BR B (Staphylococcus
aureus). %P EIHERTE (Staphylococcus epidermidis) . i W & PE R4 05 (03 2 BRIE (Methicillin-resistant Staphylococcus aureus,
MRSA)FIRIE MK EE (Vibrio parahaemolyticus) Il B & B (minimal inhibitory concentrations, MIC), &5 ER{b-547 6 X
S. albus. S. aureus M S. epidermidis () MIC 233124 3.12, 6.25 1 3.12ug-mL™"; tb&H 9 %t S. albus F1 S. aureus (% MIC 4341
9 1.56 #13.12pg'mL",
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Studies on secondary metabolites of endophytic fungus Aspergillus terreus GXIMD
03158 isolated from mangroves Acanthus ilicifolius L.

AN Fan"?, JIANG Yue"?, WANG Yu"?, CAO Guangping"?, GAO Chenghai"?, LIU Yonghong"?, YI Xiangxi"?,
BAI Meng"*

1. Institute of Marine Drugs / Faculty of Pharmacy, Guangxi University of Chinese Medicine, Nanning 530200, China;
2. Guangxi Key Laboratory of Marine Drugs, Nanning 530200, China

Abstract: This work studies the secondary metabolites with antibacterial activity from Aspergillus terreus GXIMD 03158, an
endophytic fungus isolated from mangroves Acanthus ilicifolius L. The secondary metabolites of the strains were separated and
purified by various chromatographic techniques, and the structures of monomer compounds were identified by comprehensive
analyses of 'H, *C NMR and HREIMS date. Ten compounds were isolated from the metabolites of 4. terreus GXIMD 03158, and
identified as dankasterones A (1), (14a, 22E)-14-hydroxyergosta-4, 7, 22-triene-3, 6-dione (2), steresterone B (3), ergosta-4, 6, 8(14),
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22-tetraen-3-one (4), herbarulide (5), demethylincisterol Az (6), isochaetochromin B, (7), isochaetochromin B, (8), (£)-7, 9-diene-
11-carbonyl stearic acid (9) and aspergilfuranone A (10). The minimal inhibitory concentrations (MIC) of all compounds against
Staphylococcus albus, Staphylococcus aureus, Staphylococcus epidermidis, Methicillin-resistant Staphylococcus aureus and Vibrio
parahaemolyticus were determined by broth microdilution method, the results showed that compound 6 exhibited significant
antibacterial activity against S. albus, S. aureus and S. epidermidis, and the MIC values were 3.12, 6.25 and 3.12 pg'mL™,
respectively; compound 9 exhibited significant antibacterial activity against S. albus and S. aureus, and the MIC values were 1.56
and 3.12 pug-mL™", respectively. This study provides a theoretical basis for the research on development and utilization of mangrove
Acanthus ilicifolius L. and its endophytic fungi.

Key words: mangroves Acanthus ilicifolius L.; endophytic fungi; Aspergillus terreus; secondary metabolites; antibacterial activities

AR i N S A TR S A I A2 e LTI (S RG2S
GG HARY K7/ I DRSS & AR iy N T G EC 7/ S I T VA D &
B SR KR W SRR PR (Chen et al, 2017,
Liao et al, 2019), FELMRIERAY A & it
SRR AR RS, (3 A Y B
SEFE A . R 1 B 3 %5 RF 5 (Duperron et al,
2019), #E 2023 FIA 1565 DMHFLHFILAE DI
CIA N AE LR T O B RS, ERAAR RIS (63%) . il
K(19%) . A=WIZE(12%) AR (6%); Hit 613 MK
BYRA) A, RO R AL T
(Carroll et al, 2020, 2021, 2022, 2023; Chen et al,
2022), ZIWE R E (Acanthus ilicifolius L)/ EIRFHE
B B8 JeR 4 LS ERAB ) o A X T BT IR A T R A
A, gt sk . ISR S, S EOLLIR BEZ
PRIBEIE, 2005; ZEiELE 45, 2019), EUZZIM AR )
PR, b or e R B LI AR B A T A
FRIAR SR R ISBECRIENN 45, 2023), A2 {0
TG M 2GR N A B i SCmkdoE, & FERE
Ao N LA 2 B 4 A L IR A R rh oy
BRR] T 2B A, IARIRE . S EEEA
BOSHERAEWAT, WL YRI R
PE(ZEICER %, 2021; BEK %, 2023; BIEWY 4,
2023). DA BRI ISR s 25 LR 28 B 9 2R
LT AR B P BAT RO TT K i 5%

AR — BB T 25 LI A FLE T PR
R PFFE(Bai et al, 2019; %% 25, 2020; EE
85, 2022), N T IRASZHRZG FHLLR 2 B 9 AR EL R
PER A1, DRATALATI LI 22 B R U
AEFE PRI 1 Bk EA B HUR R
Aspergillus terreus GXIMD 03158, ASHFFY X% B i
17 IR FRIL A K e, DRI WS U vh o3 5
2T 10 MEAW, 4301 %5E 4 dankasterones A (1),
(140, 22E)-14-hydroxyergosta-4, 7, 22-triene-3, 6-dione
(2). steresterone B (3). ergosta-4, 6, 8(14), 22-tetraen-3-

one (4). herbarulide (5). demethylincisterol A; (6) .
isochaetochromin B, (7). isochaetochromin B, (8). (£)-
7, 9- " Mis-11-FBRFEMEARHR (9)F1 aspergilfuranone A (10)
(L 1), Soft 6 1 AR R A A (1~6), PIA-
BIFHEAC AT 1 8), FLI— R SR, i —
{4,3%%{Y (Circular Dichroism, CD)/ILATESE ,

1 BRIk

1.1 FENSFESIKA

Bruker AV-500MHz RIA%#EHARIY (Bruker 23], Fi
+), 5 LC 2030C 3D Plus Z 51l & el b (i
(R HERINERT, HAS), Crs 2Pl 3B (250mm x
10mm, Spm)(b 5 P8 3% B R A R A A, D,
EYELAN1100V-W 678 KA (AR Bk bR X 254,
HZ%), GC-MS QP 2010 Ultra it (Rl 2ot & He il e
JIr, HAR), J-1500-150 [ o (retkaisstt, HA),
IP-digi300/3 H SHE AL (I AGH IR A R A,
), B ER A B R R SRR A TR A H,
Hr ), R IR A BRA ], ),
T2 —HF R EEERA R A, T E), 8
FEE VAR (R LT A RS B F), i), HZ300L
R PR R @RI AR A ], ), & R K AR R
PAHE SR B ], v ), JE R KA B (22 1)
IERARR A, ), AR RER (5L T A R
o), HRE), SATAi A mEE . LIROTE . P EE(RARRE
A A IRA R, P E), Qg EE . ZNE(REA
A AE A FRAE, i), DSk ()T AR
AUAE YR R A F], ), W R RS BT Y
SARIAF (IR B B A BRA R, ).
12 REHE
12,1 H#Ra9RIR S AT

A ECR GXIMD 03158 (1 2)50 85 A 20 &
BRI AR, A Sl R AT b P4 Ll 2O AR 3 SR R
DX, 2 BRI AR Fh ) VG Sl 3o o VA R X1 R v g T
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IS5, BERVRAT T 78 b 5 24 K220 7 25 W o
Be. % EFRERE GXIMD 03158 i tDNA [/ ITS J¥41)
P17 PCR Y88, 4lifb)5iF . 7 GenBank 5%

WREIETT BLAST R8I L, KL S Aspergillus
terreus WIAHMRIBE N 99%, DN %S XA bR A 1 i 2
Aspergillus terreus, GenBank 54 OK036729,

K1 LG 1~10 IfL 745

Fig. 1 Chemical structures of compounds 1-10

2 BBk GXIMD 03158 (AT
Fig. 2 Colony morphology of strain GXIMD 03158

E ¥R Aspergillus terreus GXIMD 03158 £ & 715,
EERREA 200mL DA APK ISR (S DR E
2k 300.0g L7, % 20.0g L7 ANfEER 3.3g L)
) 500mL R, T 28°C, 180r-min~" AYTH IR FER
HhRGEESR 720 JEA RIF IR . TRTRR P OK B SR Jk i
P RMIB e, FEk e 100 (% 1000mL 553 HH
HA 80g KoK . L 5g-L7), fEmEKEF T 121°C
KA 30min, SRR H R R I 8mL F+

W), 75 25°CAAF P i 7% 30d.
122 #RBE55H

RIELEH B RO R, i A AT R 2 Tt
T2, R 3R, AR, WS E153] 2m
LERAAIEE 150.21g, RE S IEARERAE T,
FAIhBE- 2 g (100:0~0:100, v/v), TR HE—H
Fi (3:1~0:100, vi)MRUKGEML, ARHE )2 Gk ka g B
WrorF, S BT A& Yo & AR R, W4,
195 15 /4157 Fr.1~Fr.15,

Fr.5 28R CHE (5 20 85, F A k- 2 1R 2 1
(100:0~0:100, v/v). & Z Fig—H BE(3:1~0:100, v/v)
WUV, AR 2 35 AT 48 SR DT AR R 43 15 3]
8 N14) Fr.5-1~Fr.5-8, XJ Fr.5-5 RH Cis il #5
SR % 00 8 GRS A L 7K =955, viv, TN
3mL-min~", 2 230nm. 290nm F1 410nm)f32{L54)
7 (t=36.7min, 4.6mg)F 8 (£=37.4min, 8.2mg).

Fr.2 2 SOMIBEICHE (3% 3 125, LK BE(90:10~
0:100, viv) WU SIAHHEATAS BEGERE, R4l TLC #iZE @
T EE A AR RS S 11 N4 Fr.2-1~Fr.2-
14, XJ Fr.2-4 RJH Cyg 225 m80ior (38 73 25 (i o)
MR ZIE-—7K=95:5, v/v, ik} 2mL-min~", 1 2 200nm
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A 2720m) R EMEAH 9 (r=12.7min, 5.0mg), XI Fr.2-
11 SRHT Cs 2 5 m ROBURH 65335 7325 L Sl AR Sy P i
7K=95:5, v/v, {34k 2mL-min~", 2 & 210nm Fl 252nm)
HEEEY 1 ((x=13.6min, 79.2mg)F1 6 (tr=14.8min,
3.1mg)o X Fr.2-12 R Cis 2K 58 mROBAH (4335 53 15
(Tish#1A MeOH-H,0=80:20, v/v, Jiii#i A 2mL-min',
A A 205nm Al 275nm) 3 B LAY 2 (%=19.2min,
8.5mg) . 5 (x=22.5min, 10.1mg) #1 3 (#=18.4min,
2.5mg). X Fr.2-2 47 ORI RO (3 43, LAK-H
Fi(90:10~0:100, v/v) 2y it 3l AH #4745 B2 BE L, AR 4l
TLC 2 35 4 1S I R 53] 14 A4
Fr.2-2-1~Fr.2-2-14, %} Fr.2-2-12 £ C,s K515 mslif
GRS E AN MeOH-H,0=85:15, v/v, N
2mL-min”', 2 & 203nm fl 350nm) 3 2L 54 4
(tx=25.7min, 8.2mg), Xf Fr.2-2-7 £ Cs ¥l & =50k
HH 38 43 B3 (It 3 A g FEE—7K =70:30, viv, T id
2mL'min~', 2 A 2llnm Al 257nm) 15 2 1k & )
10 (#x=8.2min, 35.9mg),

123 f4kAtb-4n MIC 1AM 2 77 %

I I SR S NE (e a7/ DOl S IR
(Staphylococcus albus) . 475 (0 & BRE (Staphylococcus
aureus) . 3% 575 % BRE (Staphylococcus epidermidis)
i F &8 P bR 4 3% {6 A 4 BR I (Methicillin-resistant
Staphylococcus aureus, MRSA) Fl 8] % Il 9K & (Vibrio
parahaemolyticus) PTG E: TELACA T HUE XA
WAL EYICRIE R Img-mL PTG R, XA
W A SR AR SR T 96 LR AR R
2R W & /N 4 E Wk FE (minimal - inhibitory
concentrations, MIC), EA&G S /71557 SCHik(Pierce et
al, 2008). VELR T BUIRY WO HERI T BRI T
Fe I Bom WA K TR LB R 9R%E, 121°CH K
30min JE R, TEEE TAES PSR Lr i EuR
WEAES LB HiFR 3D, LA 37°C. 180r min™ HRi% 4%
SR 2 OD {EN 0.5, RIEFREM, YENFFl. 76
i TAEG T, RHEEE RS AR R 1% 17+
WS A& LB $idkh, 580885, H TEINR . PR
RHG, XA G YR HIEAR R BEe Y HOL T4
735 B0 T TS AT
2 SR
2.1 WEWRKILHE

EW 1: FagE, [«]) +44.4° (¢ 0.1, MeOH),

HR-ESI-MS  m/z 4472874, [M+Na]" ( it & 1&
CasH4005Na, 447.2875), 'H NMR (500MHz, DMSO-d;)

Su: 5.96 (1H, m, H-4), 5.29 (1H, dd, J=15.1, 6.8Hz, H-23),
5.27 (1H, dd, J=15.1, 6.8Hz, H-22), 2.77 (1H, td, J=9.0,
1.3Hz, H-9), 2.53 (2H, dt, J=17.6, 5.1Hz, H-2), 2.45 (1H,
m, H-20), 2.42 (2H, dd, J=16.8, 1.3Hz, H-7), 2.04 (2H, m,
H-11), 2.00 (2H, m, H-1), 1.87 (2H, m, H-15), 1.87 (1H,
m, H-24), 1.69 (1H, dd, J=13.2, 42Hz, H-17), 1.63 (2H,
m, H-12), 1.48 (1H, m, H-25), 1.20 (2H, m, H-16), 1.19
(3H, d, J=6.8Hz, H-21), 1.06 (3H, s, H-19), 0.88 (3H, d,
J=6.8Hz, H-28), 0.79 (3H, s, H-18), 0.79 (3H, d, J=6.8Hz,
H-26), 0.79 (3H, d, J=6.8Hz, H-27); *C NMR (125MHz,
DMSO-dg) dc: 215.8 (C, C-14), 200.5 (C, C-6), 199.6 (C,
C-3), 157.8 (C, C-5), 134.0 (CH, C-23), 133.1 (CH, C-22),
124.8 (CH, C-4), 62.4 (C, C-8), 54.5 (CH, C-13), 49.1
(CH, C-9), 46.6 (CH, C-17), 42.7 (CH, C-24), 40.1 (CH,,
C-7), 38.4 (CH,, C-1), 37.8 (CH,, C-15), 36.8 (CH,, C-
12), 36.6 (CH, C-20), 36.1 (C, C-10), 34.2 (CH,, C-2),
32.8 (CH, C-25), 24.7 (CH,, C-11), 23.7 (CH3, C-19), 23.5
(CH;, C-21), 23.4 (CH,, C-16), 20.1 (CHs, C-27), 19.7
(CH;, C-26), 17.6 (CH;, C-28), 16.6 (CH;, C-18), LI |
His 5 3k (Amagata et al, 2007)fRE 3EA—2L, U
ZALE YN dankasterones A,

&Y 2 G K, [o], +23.6° (¢ 0.05,
MeOH), HR-ESI-MS m/z 447.2874, [M+Na]" (i1 {8
CasH40O5Na, 447.2875), 'H NMR (500MHz, DMSO-d;)
Sy 629 (1H, s, H-7), 6.17 (1H, s, H-4), 5.24 (1H, d,
J=11.7Hz, H-22), 5.18 (1H, dd, J=8.0, 4.1Hz, H-23), 2.91
(1H, t, J=10.5, 7.5Hz, H-9), 1.22 (3H, s, H-19), 0.99 (3H,
d, J=6.5Hz, H-21), 0.90 (3H, d, J=6.8Hz, H-28), 0.82 (3H,
d, J=6.7Hz, H-26), 0.81 (3H, d, J=6.7Hz, H-27), 0.67 (3H,
s, H-18); *C NMR (125MHz, DMSO-d) dc: 199.0 (C, C-
3), 187.3 (C, C-6), 169.2 (C, C-8), 158.2 (C, C-5), 135.5
(CH, C-22), 131.6 (CH, C-23), 124.9 (CH, C-7), 1222
(CH, C-4), 83.1 (C, C-14), 49.9 (CH, C-17), 45.9 (C, C-
13), 42.7 (CH, C-9), 42.0 (CH, C-24), 39.0 (C, C-10), 38.8
(CH, C-20), 34.4 (CH,, C-2), 33.9 (CH,, C-1), 32.5 (CH,
C-25), 30.4 (CH,, C-15), 30.0 (CH,, C-12), 26.5 (CH,, C-
16), 21.1 (CH;, C-21), 20.9 (CH,, C-11), 19.8 (CHj, C-
26), 19.5 (CH;, C-27), 19.5 (CHj, C-19), 17.4 (CH;, C-
28), 15.6 (CH,, C-18). VA ¥ 5 SCHk (i BUOWL 4%,
2019)fRIE FEA—3, WS e B Y (140, 22E)-14-
hydroxyergosta-4, 7, 22-triene-3, 6-dione.

1AW 3: wEBAR, [a]) =33.7° (¢ 0.05, MeOH),
HR-ESI-MS  m/z 463.2793, [M+Na]" ( it & {&
CasHy0O,Na, 463.2824), 'H NMR (500MHz, DMSO-
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dg) 0y: 6.17 (1H, s, H-4), 5.99 (1H, s, H-7), 5.29 (1H, dd,
J=15.3, 7.5Hz, H-23), 5.19 (1H, dd, J=15.3, 8.4Hz, H-
22),2.89 (1H, s, H-7), 2.51 (2H, m, H-2), 1.24 (3H, s, H-
19), 0.97 (3H, d, J=6.6Hz, H-21), 0.90 (3H, d, J=6.8Hz,
H-28), 0, 83 (3H, d, J=6.8Hz, H-27), 0.81 (3H, s, H-18),
0.77 (3H, d, J=6.8Hz, H-26); “C NMR (125MHz,
DMSO-dg) dc: 199.1 (C, C-3), 186.9 (C, C-6), 163.8 (C,
C-8), 158.1 (C, C-5), 135.3 (CH, C-22), 131.8 (CH, C-
23), 126.2 (CH, C-7), 124.9 (CH, C-4), 94.9 (C, C-14),
50.5 (CH, C-17), 47.2 (C, C-13), 42.4 (CH, C-9), 42.0
(CH, C-24), 40.1 (CH, C-20), 38.8 (C, C-10), 34.4 (CH,,
C-1), 33.9 (CH,, C-2), 32.5 (CH, C-25), 29.6 (CH,, C-
12), 26.5 (CH,, C-16), 24.2 (CH,, C-15), 21.0 (CH;, C-
21), 20.1 (CH,, C-11), 19.8 (CHj, C-27), 19.5 (CH;, C-
26), 18.8 (CHs, C-19), 17.3 (CH;, C-28), 16.4 (CH;, C-
18). DA LHdi 5 3CHk(Zhao et al, 20194k FA—3,
WO B IZAL S YR steresterone B,

A 4: AR, (o] +360.6° (¢ 0.05, MeOH),
HR-ESI-MS m/z 393.3161, [M+H]" (it 1l C,sH4 O,
393.3157), 'H NMR (500MHz, DMSO-d;) dy: 6.68 (1H,
d, J=9.5Hz, H-7), 6.14 (1H, d, J=9.5Hz, H-6), 5.70 (1H, s,
H-4), 5.27 (1H, m, H-22), 5.27 (1H, m, H-23), 1.05 (3H,
d, J=6.6Hz, H-21), 0.96 (3H, s, H-18), 0.95 (3H, s, H-18),
0.93 (3H, d, J=6.9Hz, H-28), 0.85 (3H, d, J=7.2Hz, H-26),
0.83 (3H, d, J=7.2Hz, H-27); “C NMR (125MHz,
DMSO-d) dc: 197.9 (C, C-3), 163.5 (C, C-8), 155.4 (C,
C-14), 135.0 (CH, C-22), 133.7 (CH, C-7), 131.8 (CH, C-
23), 124.4 (C, C-5), 124.1 (CH, C-6), 122.6 (CH, C-4),
55.2 (CH, C-17), 43.8 (CH, C-9), 43.5 (C, C-13), 42.1
(CH, C-24), 38.8 (CH, C-20), 36.2 (C, C-10), 35.1 (CH,,
C-12), 33.8 (CH,, C-1), 33.4 (CH,, C-2), 32.5 (CH, C-25),
27.4 (CH,, C-16), 24.8 (CH,, C-15), 21.1 (CH;, C-21),
19.9 (CHs, C-26), 19.5 (CH,, C-27), 18.7 (CH,, C-18),
18.5 (CH,, C-11), 17.4 (CH;, C-28), 16.3 (CHs, C-19),
P F%dE 5 30k (Fujimoto et al, 2004)H 38 JEA—2, il
Y2 A YN aspergilfuranone A

&y 5 # ek, [a]) +169.8° (¢ 0.05,
MeOH), HR-ESI-MS m/z 425.3038, [M+H]" (i1 %4
CosH4105, 425.3056), 'H NMR (500MHz, DMSO-dy)
Su: 5.66 (1H, s, H-4), 5.58 (1H, s, H-7), 5.26 (1H, dd,
J=15.3, 7.5Hz, H-23), 5.17 (1H, dd, J=15.3, 8.3Hz, H-
22), 1.10 (3H, s, H-19), 1.00 (3H, d, J=6.6Hz, H-21),
0.89 (3H, d, J=6.8Hz, H-28), 0.81 (3H, d, J=7.0Hz, H-

26), 0.80 (3H, d, J=6.9Hz, H-27), 0.57 (3H, s, H-18); 1°C
NMR (125MHz, DMSO-ds) d¢c: 198.4 (C, C-3), 173.6
(C, C-5), 162.0 (C, C-6), 161.1 (C, C-8), 135.0 (CH, C-
22), 131.8 (CH, C-23), 113.8 (CH, C-4), 111.8 (CH, C-
7), 56.7 (CH, C-14), 55.6 (CH, C-17), 46.7 (CH, C-9),
46.0 (C, C-13), 42.1 (CH, C-24), 40.0 (CH, C-20), 39.0
(CH,, C-12), 38.0 (C, C-10), 33.4 (CH,, C-1), 33.0 (CH,,
C-2), 32.5 (CH, C-25), 27.5 (CH,, C-16), 24.9 (CH,, C-
11), 22.0 (CH,, C-15), 20.9 (CHj, C-21), 19.8 (CHs, C-
19), 19.5 (CHs, C-26), 19.4 (CHj, C-27), 17.3 (CHs, C-
28), 12.1 (CHs, C-18). LA F%dli 5 3cik(S#IH 4%,
2018) i HA B, B E %A AP H herbarulide.
& 6: #ERFE, [a]) +38.2° (c 0.1, MeOH),
HR-ESI-MS m/z 3552242, [M+Na]" ( it & {4
C,H3,05Na, 355.2249), 'H NMR (500MHz, DMSO-
dg) ow: 5.77 (1H, d, J=1.8Hz, H-2), 5.26 (1H, dd, J=15.3,
7.4Hz, H-16), 5.19 (1H, dd, J=15.4, 8.3Hz, H-15), 1.00
(3H, d, J=6.6Hz, H-14), 0.89 (3H, d, J=6.8Hz, H-21),
0.81 (6H, d, J=7.0Hz, H-19, 20), 0.54 (3H, s, H-12); 1*C
NMR (125MHz, DMSO-dg) dc: 170.8 (C, C-1), 170.6
(C, C-3), 135.0 (CH, C-15), 131.8 (CH, C-16), 111.5
(CH, C-2), 105.0 (C, C-4), 54.6 (CH, C-11), 49.9 (CH,
C-8), 48.3 (C, C-7), 42.1 (CH, C-17), 40.0 (CH, C-13),
35.0 (CH,, C-6), 34.8 (CH,, C-5), 32.5 (CH, C-18), 28.6
(CH,, C-10), 20.9 (CHj, C-14), 20.8 (CH,, C-9), 19.8
(CH3, C-19), 19.5 (CHs, C-20), 17.4 (CHj, C-21), 11.8
(CHs, C-12), DA BHda53Cik(A g 45, 2021)43E
AR —F, MO E1ZALE Y demethylincisterol Az,
&y 7. wa e ik, [«]) -108.1° (¢ 0.05,
MeOH), HR-ESI-MS m/z 547.1603, [M+H]" (i1 %4 (&
C30H7019, 547.1640), "H NMR (400MHz, DMSO-dj)
Su: 1520 (1H, s, 5-OH), 15.11 (1H, s, 5'-OH), 10.01
(1H, s, 6-OH), 9.82 (1H, s, 6'-OH)), 6.58 (1H, s, H-10"),
6.51 (1H, s, H-7), 6.39 (1H, s, H-7), 5.85 (1H, s, H-10),
4.68 (1H, dd, J=6.3, 3.0Hz, H-2), 421 (1H, dd, J=11.0,
6.3Hz, H-2), 2.85 (1H, m, H-3), 2.78 (1H, m, H-3"), 1.33
(3H, d, J=6.2Hz, 2-CH3), 1.28 (3H, d, J=6.2Hz, 2'-CH3),
1.13 (3H, d, J=5.9Hz, 3-CH3), 1.09 (3H, d, J=6.7Hz, 3'-
CH,); *C NMR (100MHz, DMSO-d;) dc: 202.5 (C, C-
4),200.4 (C, C-4'), 165.3 (C, C-5), 165.3 (C, C-5'), 162.1
(C, C-8), 160.2 (C, C-8'), 159.0 (C, C-6), 157.3 (C, C-6"),
155.4 (C, C-10a), 154.1 (C, C-10a’), 141.2 (C, C-9a),
140.1 (C, C-9a’), 104.5 (C, C-5a), 104.1 (C, C-5a’), 101.7



46 oA e T R

Vol. 43, No. 5/ Sept., 2024

(C, C-9), 101.7 (C, C-4a), 101.4 (C, C-4a’), 101.3 (C, C-
9", 100.4 (CH, C-7), 99.2 (CH, C-7'), 98.9 (CH, C-10),
98.9 (CH, C-10"), 78.3 (CH, C-2), 75.3 (CH, C-2'), 45.8
(CH, C-3), 44.2 (CH, C-3'), 19.8 (2-CH3), 16.6 (2’-CHs),
10.3 (3-CH3), 10.0 (3'-CH3). LA %5 CHk(Ugaki et
al, 2012) R B FA -, MEZEZLEY N
isochaetochromin B,

&y 8 HEEEK, [« +135.8° (¢ 0.05,
MeOH), HR-ESI-MS m/z 547.1592, [M+H]" (31514
C30H,701, 547.1604), "H NMR (400MHz, DMSO-d;)
Sy 1520 (1H, s, 5-OH), 15.18 (1H, s, 5'-OH), 9.96
(1H, s, 6-OH), 9.63 (1H, s, 6'-OH)), 6.53 (1H, s, H-
10"), 6.46 (1H, s, H-7), 6.34 (1H, s, H-7"), 5.78 (1H, s,
H-10), 4.62 (1H, dt, J=13.0, 6.2Hz, H-2'), 4.14 (1H, dt,
J=13.0, 6.2Hz, H-2), 2.81 (1H, d, J=17.6Hz, H-3), 2.71
(1H, m, H-3"), 1.39 (3H, d, J=6.2Hz, 2-CH,), 1.27 (3H,
d, J=6.2Hz, 2'-CH;), 1.18 (3H, d, J=5.9Hz, 3-CH,),
1.07 (3H, d, J=6.7Hz, 3'-CH;); *C NMR (100MHz,
DMSO-dg) d¢: 202.4 (C, C-4), 200.5 (C, C-4"), 165.6
(C, C-5), 165.0 (C, C-5"), 161.9 (C, C-8), 160.1 (C, C-
8", 158.9 (C, C-6), 157.3 (C, C-6'), 154.8 (C, C-10a),
154.6 (C, C-10a’), 141.6 (C, C-9a), 141.3 (C, C-9a"),
104.6 (C, C-5a), 104.1 (C, C-5a’), 101.7 (C, C-9),
101.3 (C, C-9'), 101.0 (C, C-4a), 101.0 (C, C-4a’),
100.4 (CH, C-7), 99.0 (CH, C-7"), 99.0 (CH, C-10),
98.9 (CH, C-10"), 77.9 (CH, C-2), 75.5 (CH, C-2"),
45.9 (CH, C-3), 44.0 (CH, C-3"), 19.8 (2-CH,), 16.6
(2'-CH3), 10.2 (3-CH3), 10.0 (3'-CH;), LA F%#E 5
Bk(Ugaki et al, 2012)# B A —F, BEEEREY
N isochaetochromin B,,

G 7 M8 TEGSH AT R b A 2 — % R
S SRR, AT FLBH A A TR e, FRATRHE
G 7 F 8 34T T CD MK (& 3). ZERAMIEY
7 1 8 1y CD HhZEAE 265nm F1 295nm &b Y- BERLN
BEBRCR, X5 IR IE A — B (Ugaki et al,
2012; Xu et al, 2014), FLFATHE T EY 7 Fl
8 SE— Xl TAE A O SE X FR A B AR, Tl Tk
75 aR 1 aS,

&Y 9: @A, [a]) +17.6° (¢ 0.1, MeOH),
HR-ESI-MS m/z 317.2094, [M+Na]" (313348 C,sH3O;Na,
317.2093), 'H NMR (500MHz, DMSO-dj) : 7.18 (1H,
dd, J=15.7, 9.5Hz, H-9), 6.28 (1H, dd, J=15.3, 8.6Hz, H-
7), 6.23 (1H, dd, J=15.3, 9.6Hz, H-8), 6.09 (1H, d,

150
— k&7
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{63 /mdeg
S
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Fig. 3 CD Spectra of compounds 7 and 8

J=15.6Hz, H-10), 2.17 (4H, q, J=6.9, 5.7Hz, H-2, 6),
1.45~1.51 (4H, m, H-3, 15), 1.39 (2H, t, J=7.1Hz, H-14),
1.21~1.31 (12H, m, H-4, 5, 12, 13, 16, 17), 0.86 (3H, t,
J=6.8Hz, H-18); C NMR (125MHz, DMSO-d;) dc:
200.2 (C, C-11), 174.6 (C, C-1), 145.4 (CH, C-7), 142.8
(CH, C-9), 129.0 (CH, C-8), 128.1 (CH, C-10), 33.7
(CH,, C-2), 32.4 (CH,, C-6), 30.8 (CH,, C-12), 28.8
(CH,, C-13), 28.6 (CH,, C-5), 28.5 (CH,, C-4), 28.4
(CH,, C-14), 27.9 (CH,, C-15), 24.5 (CH,, C-3), 23.8
(CH,, C-16), 21.9 (CH,, C-17), 13.9 (CH3, C-18), VI |
B 5 3CHk (Zhang et al, 2021)HR3E 1A —ZL, #E
EZAE Y NE)-T, 9-Z45-11-FRILRENEIL

& 10: EEAMIR, [«]) +20.0° (c 0.07, MeOH),
HR-ESI-MS  m/z 2751054, [M+Na]® ( it & {4
C7H,60,Na, 275.1048), 'H NMR (500MHz, DMSO-d)
Su: 7.37 (1H, m, H-4), 7.36 (1H, m, H-2'), 7.36 (1H, m, H-
6'), 7.23 (1H, m, H-2), 7.23 (1H, m, H-6), 7.22 (1H, m, H-
3%, 7.22 (1H, m, H-5"), 7.14 (1H, m, H-4"), 7.13 (1H, m,
H-3), 7.13 (1H, m, H-5), 4.18 (2H, m, H-9), 3.77 (1H, d,
J=11.0Hz, H-7"), 3.01 (1H, m, H-8), 2.79 (2H, dd, J=7.3,
5.2Hz, H-7); “C NMR (125MHz, DMSO-d) dc: 177.0
(C, C-8'), 138.3 (C, C-1), 136.6 (C, C-1"), 128.8 (C, C-2),
128.8 (C, C-6'), 128.6 (C, C-2), 128.6 (C, C-3), 128.6 (C,
C-5), 128.6 (C, C-6), 128.5 (C, C-3'), 128.5 (C, C-5,
127.3 (C, C-4), 126.4 (C, C-4"), 70.8 (CH,, C-9), 51.5
(CH, C-7'), 45.1 (CH, C-8), 36.7 (CH,, C-7). VA %
53CHk(Wang et al, 2021) 1A FEA—2, BEEE %G
Wik ergosta-4, 6, 8(14), 22-tetraen-3-one,
22 UEUIEEERESTE

K AR 4 0 2 i A AR L G xF s.
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parahaemolyticus PN IGYE, 455 BRLEH) 6 X S.
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