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Studies on secondary metabolites of Sargassum fusiforme derived fungus Aspergillus
sp. GXIMD 02045

KONG Weigqi, JIN Xin, LIU Yonghong, GAO Chenghai, CHEN Xianqgiang
Guangxi Key Laboratory of Marine Drugs, Institute of Marine Drugs, Guangxi University of Chinese Medicine, Nanning 530200, China

Abstract: To explore the diversity of secondary metabolites of fungus Aspergillus sp. GXIMD 02045 from Sargassum fusiforme, the
secondary metabolites were separated with various chromatographic techniques. Chemical structures were identified using mass
spectroscopy, nuclear magnetic resonance spectroscopy, and optical rotation data with comparison of literature reported ones. 15
compounds were isolated from Aspergillus sp. GXIMD 02045, and identified as (3S)-6-hydroxy-8-methoxy-3, 5-
dimethylisochroman (1),  (35)-6-hydroxy-8-methoxy-3-methylisochroman  (2), (3S, 4R)-6-hydroxy-8-methoxy-3, 5-
dimethylisochroman (3), (1S, 3R)-3, 7-dimethyl-1, 8-dihydroxy-6-methoxyisochroman (4), (S)-6-hydroxy-7-methoxy-3, 5-
dimethylisochroman-1-one (5), anserinone A (6), anserinone B (7), (+)-formylanserinone B (8), 4-hydroxyphenylacetic acid (9), p-

hydroxyphenylacetic acid methyl ester (10), Waol A (11), (S)-7-methoxy-2, 5-dimethyl-2, 3-dihydrobenzofuran-6-ol (12), 6-
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methylcurvulinic acid methyl ester (13), 4-hydroxy-3, 6-dimethyl-2-pyrone (14), trans-ferulic acid (15). Antibacterial activity of

secondary metabolites from 4. sp. GXIMD02045 was tested, which showed that compounds 6—8 displayed inhibitory activity against

methicillin-resistant Staphylococcus aureus, and the minimum inhibitory concentration (MIC) values were ranging from 3.91

pg'mL™! to 7.81 pg'mL™'. Compounds 6—8 and 11 showed inhibitory activity against Bacillus subtilis, and the MIC values were

ranging from 7.81 pg'mL™" to 15.62 pug-mL™'. Compounds 4, 6-8, 10 and 11 showed inhibitory activity against Pseudomona

aeruginosa, and the MIC values were ranging from 1.95 pg-mL™" to 125.00 pg-mL™". This study provides a theoretical basis for the

research on development and utilization of mangrove Sargassum fusiforme and its symbiotic fungus.
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FLEAE I Y A BERRE, & 2R asi
BT I IR G, RS WA
RSB T 27 i R B it T B S (Xu et al, 2018),
Wit 5 X VR AR A A R AR RE T B4 e DA Sk
Yioresaifh . SRR EOR D, DEE N R
KR 22 (0 BT T 2= 4544 (Li et al, 2015), HAAFE R
55T 1 (Nicoletti et al, 2016).,

EWEE (Sargassum fusiforme) &—P o B R
P IR i e, 7R TR I R O U KR IR (T 4EM 4,
2023), VEEEILHHE B S Z 51 F A B ARG ),
3 3 ELAT IR A T PR R A R S B G
TAMERIZE (M5 45, 2022), iXEEfb AW n L5 Fg 2T
RIS . AW, 2K, RE R 2205 e 1 A
(M5 25, 2024), IE —AHAEk, JETERSORI R
(Aspergillus) FLHE IR FACH =Y )il E2W K w6
WAL B PRS2 G . X SEHE S 5 (s
FAb G Yt B R A NUGC-3) . 5 3509 41 il (HeLa-
S3)FI N FLAIPRL 1 155 2 L (HL-60) 242 IR 1 2 4264 41 i
BEVE, B 240G W 0T O VR T R S ) (Artemia
salina) F i 3 V% Ui M 4 (Chattonella  marina .
Heterosigma akashiwo 1 Alexandrium sp.) B8 4= Y7
PH:(Ogawa et al, 2004; Miao et al, 2014), PHEZH I HT
TETUH 52 ¥ i 2T R APRCR B ) SR S v 40 B A 38— PR LA,
WE X DNA AOHEHL . Intertek Testing Services(ITS)
BRI B A S E (GenBank database) X} 1, 2856 N
8 R B, 44 N Aspergillus sp. GXIMD 02045,
WRRIZF R GACHT W 2R, e 2R
R 7= ) (one-strain-many-compounds, OSMAC) 5 %,
R IZRARAE ORI T v R e RAs WA M hy

&, T DL R ORI AT R W . R4S
Tl 5 AR 73 B IZ AR IR B 4, R B
WM AR B SRR S e A W 24, L A I
FEI AR S 15 > (ZERULIE 1), FEh a0
HK(1—5). MRS (6—8) . MR LR KL H R
(9. 10), WRIZE®1), FEEIZEA2). BRIEE LR

K313). MEMEEE )M AEERREAS)LEY . XLLft
BV ET A SCERHE & I, BAEYSE R 2 L
MTE 20 B REPE O T, SCHR P B 5 K B AT 0 T
P ARSI S B R iR BT AL & Wyt
VTR AR, P oA B A 1 i R L 248 R
TEVERIAE A P Xr i H AR PU ARG B R 25 5K (methicillin-
resistant Staphylococcus aureus) . i & ZF 0 FT &
(Bacillus  subtilis) F1 i 2% fi 5
aeruginosa) AN TRV, B Ak B0t LR S50 T4 1Y
JINIEE & (minimum  inhibitory concentration, MIC),
S5 R WoR 2 A Wrxt = RS0 EES B — i AR
Witk SEHREERY ST 1O A T A R A
PRI, Ay R A TR PR IR A )
TEA I A0 R AU 25 ) TF R P A — 5 B4R 3,
HEAERTEE B RIR W IR BE A

U bR

1.1 UES5FEKH

Avance 111 HD 500M #8 ARG AIR 3 115 (Bruker
A l); Waters Xevo G2-S 438 ESI ik (Waters
/vHl); MCP 100/150 Jig 6 (% AR Mf 2 \l); LC-2030C
3D Plus AR (L35 (H 48 15 A F); Sepacore
I A% 3% A (B Buchi 2 A]); EYELAN-
1300D HU e 2% K AL (A s FRAL 2 ik =0 & 4t); SHZ-
CB BUEI K FL28 FE (T TR A BRA FD); KQ-
250DB AR AL (L T T AAL A FR A W] ); Vietor
Nivo ZYJRERFHRMY (A IRIRER); HEFRA (LA 252
Kk A FRAF); 100 ~200 HAEERS . 200 ~300 H FEK
FH R RE AW TAR & T R BT & A BR AT I
FHEERCIE T YMC A Al iR BEEERS Sephadex LH-20
T GE Ar; B, Z&8H . 805, OB,
- HIJE AN (dimethyl sulfoxide, DMSO)%5 /3 Hr 4l 7]
BT AR B A PR A F o
1.2 1#ERE

T 42 7 Pk 4 5 7 %5 BK A (methicillin-resistant

(Pseudomona
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Fig. 1 Chemical structures of compounds 1-15
Staphylococcus aureus ATCC 43300) . i ¥ 2 f AT 5
(Bacillus subtilis ATCC 6051) F1 4 2 i 20 g B
(Pseudomona aeruginosa ATCC 10145), BFf | Pi
B 24 RSP 2 T 5 e PR

13 SWRAAEFESERSEETE

W AE AL IR A MB [ R B: FR R (G 2R S )
15g. ik 30g. ZEMB/K 1L A1 15~20g BEAK), AN
NEMAW ARG FR 3 EY o BTG SR A% MB
A B SR B NS I Z R PRI B 2R 4 100mg) |
SRIIE IR I NI LL B IR B SR Ak o S BRI P
MR SRSy LB A By FR (& 1 R 10g .
NaCll0g. EERHEERY Sg. BiUlE 13g. Z&MK 1L, 4
% pH R 7.2~7.4), NINGEHE AR SR, BT K
KRR FHRE IR IR B R Ak (B 1L RYSEIEIOIAK
K 110g, WFEE 2g FIZEIEK 110mL, 7E = 5K
121°CZK 14 30min J5¥240).

PRR B B T PR S A DR A SERE, 20 B4
ESHARMINATGE R 45, 2023), TR IETREL
L LR, OB IR, WA, 25 1H DNA
ST GBS, FEARAEE SRR PRI TR AL 4
U IIES T AR AETHGE (B 5% 4%, 2023), RH
HLFE A ITS1 (5-TCCGTAGGTGAACCTGCGG-
3)A1 ITS4 (5-TCCTCCGCTTATTGATATGC-3")#E1T

MeO
13 Y
H OH
4
(0] (0]
oH o )lgH
MeO
8

PCR "3, P 145 2B bREE  ik RE 5, Z3C
A T AR TR () A A BRZA /A 700 447, 7
GenBank #0485 425274558, 58 HMEKIEAT
BLAST FEFIA RN Lo, s S5 AR RURE B 5 A i
R, VI LA e Sy i EE &, ITS JESIARMLE
96.58%, %' GXIMD 02045,
14 FHik
1.4.1 AH 0 EBEAR K= MRS 5
WA T 4°CRYTEMRERN B FTIEA A MB [
PREEFRIE, BT 28°C T RE 3% 5d itk SHARFIBAZ R
ARE O 55, 2023)IBGE it Al TR 2 MB )
RREFR L, 7E 25°C, 180rmin”' £ TR 4d,
RUARAS R T K b 7 IR D B FOR AR RS 77 3 I,
FRfEEAD 10mL, 3£ 100 i, 7£ 28°C M #HE RS 30d.
REEE G, K, K HR A SRR SR L BR T,
AR E A 3 WK, BIFER. e
HEAOR R G TN LR CBIZE 250g, BHEZ
TEAHAE R (200~300 EAEE AT, i FH 50 e —
(100: 0~0: 100, {ARFH L) A A 745 FE PRI, AR 4l v 2 (i
MR i) R EE SR E T A IF, 135 4 D53 (Fr.—Fr4),
Fr.1(56.8g)2: R IRl 4 ODS (Al 2r 55, HilEE—K
(BRI AR YRR A R/ R 3 38 A TX36310,
36mmx310mm, 30: 70~70: 30, TFH )6 B vk i 153
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Fr.1.1. Fr.12 #4y. Fr.1.1(12.8g)iz ] HPLC %
(YMC COSMOSIL 5C;s-MS-II, 20mmx250mm, Z.Ji—
IKARFALE 45: 55, Ji#H 6mL-min ', 4 & 210nm Fl
254nm) 15 L &Y 1 (/=21.04min, 142.8mg) .
Fr.1.2(10.3g)iz ] HPLC il #5(YMC COSMOSIL 5C;s-
MS-I1, 20mmx250mm, Z 7K 45: SS(IARFIEL), 3 H A
6mL-min”', 1 4 210nm 1 254nm) 75 2| L& 4 2
(x=18.96min, 83.2mg).

Fr2(52.2e)Z 1 IEHl 4 ODS (it e, HEE-—sK
(LRI AR A R A Rl RS TX36310,
36mmx310mm, 30: 70~70: 30, K L YR EE PR i A5 EI12H 43
Fr2.1—Fr.2.3, Fr2.1(4.3g)Z: IEAIRER (200 H~300 H)i:
JEHT, AIhBE- 2R 21550 50, ARFH )45 B Ve
HPLC # 4 (YMC COSMOSIL  5C;s-MS-I,
10mmx250mm, 2, Ji§ — 7K 1& Btk 10: 90, i 3 K
3mL-min', 2 & 210nm 1 272nm) {5 F| L &9 14
(t=11.62min, 25.8mg). Fr.22(3.2g)&EEMtE4lifk)m153
¢4 4y Fr22A . Fr22B . Fr22C M Fr22D .
Fr.2.2A(0.8g)%: 3k HPLC il £ (YMC COSMOSIL 5C;s-
MS-II, 20mmx 250mm, ZJE—KIRFILL 22: 78, T h
6mL-min', 1 & 210nm Fl 254nm) 5 F| 1L &9 3
(x=14.54min, 92.8mg)., Fr2.2B(1.2g)% 1 HPLC ##%
(YMC COSMOSIL 5Cs-MS-II, 10mmx*250mm, Z.Ji5—7K
32: 68, AR, FiE A 3mL-min ', 4 2 200nm 1 230nm)
BEMEEY 12 (= 19.20min, 14.5mg), Fr.2.2C(0.5g)%
i HPLC il % (YMC COSMOSIL 5C;-MS-I,
10mmx250mm, 2, i — 7K 1& Btk 20: 80, ¥t # N
3mL-min”', 2 & 205nm Al 230nm) 5 2 L &4 6
(tx=15.48min, 14.3mg). Fr22D (0.4g)Z#t HPLC #l#%
(YMC COSMOSIL 5C;g-MS-II, 20mmx=250mm, Z.Ji§—7K
PRI 22: 78, Wik 6mL-min”', 4 205nm 1 254nm)
BEMEEY T (=14.51min, 75.7mg), Fr.23(10.5g)Z1F
FHEERE(200~300 HYREZT, £k 2 CE(20: 80~80:
20, PR L) BE RS B 2H 73 Fr.2.3A Al Fr2.3B.
Fr.23A(6.8g) % AR (LG AE 732, BB KIRF L (40:
60~85: 151 BEVEAS 24 4> Fr2.3A1 Fl Fr23A2,
Fr.2.3A1(3.2g)%:# HPLC #il4(YMC COSMOSIL 5C -
MS-I, 20mmx250mm, &KL 33: 67, Wik
3mL'min', 2 24 210nm F1 254nm)f3 2L 5 8 (6=
19.65min, 8.7mg). Fr23A2(2.2g)%5t HPLC #il£&(YMC
COSMOSIL 5C;s-MS-II, 10mmx250mm, Z.JE—7KIAEFR I
33: 67, Wil 3mL-min ', 2 4 210nm il 254nm)f5-F{k
EW) 4 (=15.27min, 27.2mg). Fr23B(3.2g)%it HPLC

14 (YMC COSMOSIL 5C,;5-MS-II, 20mmx 250mm, Z.Jfi§
KA 33: 67, HiiE Ky 6mL-min', A & 210nm FI
254nm)fFEILAW) 5 (t=16.49min, 70.5mg).
Fr.3(56.5g)ZWh R4 ODS it /res, HlE—sK
(L =T AR B2 /) R B3 A TX36310,
36mmx310mm, 20: 80~70: 30, FRF Lb YRR PER AR 32
4y Fr3.1—Fr3.2, Fr3.1(20.6g)Z31 HPLC #45(YMC
COSMOSIL 5C g-MS-I1, 10mmx=250mm, ZJiE—7K AR
13: 87, i N 3mL-min ', 2>~ 210nm 1 254nm)f5 F|{k
EW 9 (4=12.07min, 41.1mg), Fr.3.2(18.2g)%it+ HPLC
#1%(YMC COSMOSIL 5C s-MS-II, 10mmx 250mm, Z.
5K FREE 20: 80, i K 3mL-min', A 24 200nm Al
254nm)f3F1LE4 10 (4=16.52min, 11.4mg).
Fr.4(52.3g)Z 1 E 4 ODS (a7, HioK
(BRI YR A BRA Al R BB HE TX36310,
36mmx310mm, 20: 80~70: 30, PR LL ) B A5 21 21
4y Fr4.1—Fr4.2, Fr4.1(17.9¢)%5+ HPLC #l4-(YMC
COSMOSIL 5Cg-MS-II, 10mmx250mm, Z Ji5—7KA&FH
I 13: 87, iy 3mL-min”', A 24 200nm F1 230nm)i5
FMEAW 13 (tx=18.37min, 8.3mg), Fr.4.2(2.9¢)Z KK
FEAiALJS 13 EIZ4H > Fr.4.2A Al Fr.4.2B, Fr.4.2A(1.2g)%4
i+ HPLC il & (YMC COSMOSIL 5C-MS-II,
20mm*250mm, & JiF - K AR B 28: 72, i K
6mL-min”', 1 & 210nm 1 254nm)f§ F L& 11
(z=20.08min, 28.0mg). Fr.4.2B(1.4g)%3 HPLC 1%
(YMC COSMOSIL 5C,g-MS-II, 20mm=250mm, Z.i—7K
RFLEE 28: 72, Wi 6mL-min™', 2 2 210nm #i
254nm)f5 8L 54 15 (t=14.40min, 18.5mg).
1.4.2 2P A A 69 R BRI 5 M 09 Fp 1 76 PR ) R,
DU T A B A A 5 0 X T Y 4 P AP 4 5 7 28 BR
T AR ST RN S B B TR (IR 2, SR
FHUELC R BEIR Y HOE X AR S W (B R 4R & A
125ug Fb AN TN B TE MR AE IR, EEXHA BH B A S
Rl (0 AT P B> 8mm) 3G PR A, R R A H
Pk E/rEaab S n MIC {8, ¥k a9
AN SmgrmL i DMSO ¥, BTN IR 25 16530
IV R, B 1mg-mL ™" i) DMSO AT, A7k
SR FIAATHRE LRI 45, 2023), BCELFRY 96 L
Bl 37°CIEIRIGFRAFREFR 24h, WEGRIER, DAL
PRI R I /DN BT HE YR 2 S 0 05 T 1Y MILC B

2 lEgh R

2.1 ZEHEE
k&Y 1 Bkl R, o F XN CLH0s,
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HRESIMS m/z 209.1188 [M+H]™ (calcd for C;,H;;0s,
209.1178), [a]20 D+40.2° (¢ 0.1, MeOH), 'H NMR
(500 MHz, DMSO-dq) dy: 6.30 (s, 1H, H-7), 4.64 (d, J =
14.8 Hz, 1H, H-1), 4.39 (d, J = 14.9 Hz, 1H, H-1), 3.65
(s, 3H, H-8-OCH3), 3.61 (m, 1H, H-3), 2.56 (dd, J =
16.6, 2.3 Hz, 1H, H-4), 2.24 (dd, J = 16.6, 10.7 Hz, 1H,
H-4), 1.91 (s, 3H, H-10), 1.24 (d, J = 6.1 Hz, 3H, H-9);
5C NMR (125 MHz, DMSO-dy) dc: 153.9 (C-6), 153.1
(C-8), 133.7 (C-10), 113.2 (C-9), 112.8 (C-5), 96.0 (C-
7), 70.0 (C-3), 63.8 (C-1), 54.9 (8-OCH;), 33.6 (C-4),
21.7 (C-9), 10.1 (C-10), L) F¥dE-5 SChikikiE (Orfali et
al, 2015) A —F, H 4L N (35)-6-F7 8- H A J-3,
5-HIEL A0

&Y 2o AEaB K, 4 FXH CiHLO;,
HRESIMS m/z 195.1017 [M+H]™ (calcd for C;1H;s0s,
195.1021), [¢]20 D+43.1° (¢ 0.1, MeOH), 'H NMR
(500 MHz, CD;0D) dy: 6.20 (d, J = 2.1 Hz, 1H, H-7),
6.11 (d, J = 2.0 Hz, 1H, H-5), 4.74 (d, J = 14.9 Hz, 1H,
H-1), 4.46 (d, J = 14.9 Hz, 1H, H-1), 3.69 (s, 3H, H-8-
OCHj3), 3.64 (m, 1H, H-3), 2.50 (dd, J = 16.2, 3.9 Hz,
1H, H-4), 2.46 (dd, J = 8.3, 7.9 Hz, 1H, H-4), 1.24 (d, J
= 6.2 Hz, 3H, H-11); ®C NMR (125 MHz, CD,0D) dc:
157.8 (C-6), 157.6 (C-8), 136.3 (C-10), 114.8 (C-9),
107.6 (C-5), 97.2 (C-7), 71.8 (C-3), 65.5 (C-1), 55.4 (8-
OCH,), 36.7 (C-4), 21.7 (C-11), DL F%dE5 SChikdi s
(Orfali et al, 2015)JEA—5L, M4 E HF(35)-6-F255-8-H
SASE-3-H IR R A

G 3 HeEmAKR, 41X H CLHO4
HRESIMS m/z  247.0940 [M+Na]" (caled for
CoH,c0,4Na, 247.0946), [a]20 D+41.5° (¢ 0.1, MeOH),,
'H NMR (500 MHz, CD;0D) dy: 6.37 (s, 1H, H-7), 4.63
(d, J=15.2 Hz, 1H, H-1), 4.52 (d, J= 15.2 Hz, 1H, H-1),
433 (d, J=5.2 Hz, 1H, H-4), 3.78 (qd, J = 6.5, 3.2 Hz,
1H, H-3), 3.71 (s, 3H, H-8-OCHj3), 2.18 (s, 3H, H-12),
1.25 (d, J = 6.5 Hz, 3H, H-11); °C NMR (125 MHz,
CD;0D) dc: 155.9 (C-6), 154.5 (C-8), 135.4 (C-10),
116.8 (C-5), 115.8 (C-9), 98.5 (C-7), 77.0 (C-3), 69.1 (C-
4), 62.3 (C-1), 55.6 (8-OCHj), 17.2 (C-11), 11.2 (C-
12). VU & 5 CHk I8 (Orfali et al, 2015)3EAx—
2, WM TE NGBS, 4R)-4, 6-—FRHE-8-HI A JE-3, 5-— 1
B,

G 4 BeEmAKR, 41X R CLH O
HRESIMS m/z 207.1106 [M+H-H,0]" (caled for

C,H;503, 207.1099), [2]20 D-18.5° (¢ 0.1, MeOH), 'H
NMR (500 MHz, CD;0D) dy: 6.31 (s, 1H, H-5), 5.46 (s,
1H, H-1), 427 (m, 1H, H-3), 3.73 (s, 3H, H-6-OCH,),
2.64 (dd, J=16.8, 3.3 Hz, 1H, H-4), 2.25 (dd, J = 16.8,
11.5 Hz, 1H, H-4), 1.98 (s, 3H, H-13), 1.33 (d, J = 6.2
Hz, 3H, H-11); °C NMR (125 MHz, CD;0D) d¢: 157.0
(C-8), 157.0 (C-6), 136.0 (C-9), 114.8 (C-10), 114.2 (C-
7), 97.4 (C-5), 97.1 (C-1), 63.8 (C-3), 55.8 (6-OCHj),
34.6 (C-4), 21.7 (C-11), 10.2 (C-13), VA iz 5 ik
i3 (Quang et al, 2018)JEA—54, Ht %3¢ M (1S, 3R)-3,
7-—H -1, 8- k-6 H IR (A

k& 5 Bk oK, 4 FXh CLoHuO,,
HRESIMS m/z 245.0882 [M+Na]® (caled for
C,H;ONa, 245.0892), [a]20 D+171.1° (¢ 0.1,
MeOH)., 'H NMR (500 MHz, DMSO-d;) dy: 10.38 (s,
1H, 6-OH), 6.46 (s, 1H, H-8), 4.35 (dqd, J = 12.4, 6.2,
2.8 Hz, 1H, H-3), 3.71 (s, 3H, H-7-OCH3), 2.92 (dd, J =
16.5, 2.8 Hz, 1H, H-4), 2.53 (dd, J = 14.0, 9.0 Hz, 1H,
H-4), 1.97 (s, 3H, H-10), 1.34 (d, J = 6.2 Hz, 3H, H-9);
5C NMR (125 MHz, DMSO-dy) dc: 161.8 (C-1), 160.7
(C-6), 160.5 (C-7), 142.0 (C-5), 112.6 (C-10), 104.8 (C-
9), 97.8 (C-8), 72.4 (C-3), 55.4 (7-OCHj), 32.8 (C-4),
20.5 (C-11), 10.6 (C-12), VI F%dE5 k4R i (Zhang
et al, 2023) 54—, W% N (S)-6-F2 HE-7-HH 4 BE-3,
5- P 4 85 - 1 -

G 6 BHEmAK, 41K CiHOL
HRESIMS m/z 209.0730 [M+H]" (caled for C;;H;;04,
209.0814), '"H NMR (500 MHz, CD;0D) dy: 6.03 (s,
1H, H-6), 3.81 (s, 3H, H-5-OCHj3), 3.74 (d, J = 10.9 Hz,
2H, H-8), 2.26 (s, 3H, H-10), 1.95 (s, 3H, H-7); °C
NMR (125 MHz, CD;0D) dc: 206.4 (C-9), 188.5 (C-1),
182.9 (C-4), 156.0 (C-5), 145.0 (C-2), 137.9 (C-3), 108.3
(C-6), 56.9 (5-OCHs), 41.6 (C-8), 30.0 (C-10), 12.6 (C-
7o P FEHES SCHIRIE (Wang et al, 1997)J AR —3K,
P % 5E SN anserinone A

k&Y 7. HEamAK, 51NN CH L0,
HRESIMS m/z 211.0894 [M+H]" (caled for C;H;s04,
211.0970), [a]20 D+45.2° (¢ 0.1, MeOH), 'H NMR
(500 MHz, CDCLy) dy: 5.86 (d, J = 18.3 Hz, 1H, H-6),
4.02 (m, 1H, H-9), 3.75 (s, 3H, H-5-OCH;), 2.63 (d, J =
6.4 Hz, 2H, H-8), 2.03 (s, 3H, H-7), 1.28 (m, 3H, H-10);
C NMR (125 MHz, CDCl5) dc: 187.8 (C-1), 183.1 (C-
4), 158.5 (C-5), 143.7 (C-2), 139.9 (C-3), 107.5 (C-6),
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67.7 (C-9), 56.5 (5-OCH3), 36.2 (C-8), 24.1 (C-10), 13.1
(C-7)o VAL H¥i5 SCHikAik i (Smetanina et al, 2017)3
AL, B E N anserinone B,

&Y 8 wEaBh K, o FX N CLHLOs,
HRESIMS m/z  261.0850 [M+Na]™ (caled for
C1,H405Na, 261.0841), [¢]20 D+20.0°(c 0.1, MeOH),
'H NMR (500 MHz, CD;OD) dy: 7.99 (s, 1H, H-12),
6.00 (s, 1H, H-6), 5.25 (m, 1H, H-9), 3.81 (s, 3H, H-5-
OCHs), 2.85 (dd, J = 13.5, 4.9 Hz, 1H, H-8), 2.80 (dd, J
=13.5, 8.5 Hz, 1H, H-8), 2.07 (s, 3H, H-7), 1.32 (d, J =
6.3 Hz, 3H, H-10); °C NMR (125 MHz, CD;OD) dc:
188.7 (C-1), 183.2 (C-4), 162.4 (C-12), 160.0 (C-5),
144.7 (C-2), 139.6 (C-3), 108.2 (C-6), 70.8 (C-9), 56.8
(5-OCHj), 33.8 (C-8), 20.7 (C-10), 12.8 (C-7), L) %%
I 5 SR E (Smetanina et al, 2016)FEA—2, # 4 E
A (+)-formylanserinone B,

&Y 9: FakR, 4313k CsHyO;5, HRESIMS
m/z  165.0460 [M+Na]" (caled for CgHgO;Na,
165.0473), 'H NMR (500 MHz, CD;0D) dy: 7.13 (m,
2H, H-2, H-6), 6.79 (m, 2H, H-3, H-5), 3.48 (s, 2H, H-7);
BC NMR (125 MHz, CD;0D) d¢: 176.3 (C-8), 157.3 (C-
4), 131.3 (C-2, C-6), 126.8 (C-1), 116.2 (C-3, C-5), 41.1
(C-7). VA BG5S SR HRGE (T8 45, 201 1)FEAR—
B, U AR IR TR

&Y 100 FEHMAR Y, 57 F 8 CH, 003,
HRESIMS m/z 165.1750 [M-H]  (caled for CoHoO,,
165.1760), 'H NMR (500 MHz, CD;0D) dy: 7.07 (d, J
= 8.5 Hz, 2H, H-3, H-5), 6.75 (m, 2H, H-2, H-6), 3.66 (s,
3H, H-9), 3.58 (m, 2H, H-7); C NMR (125 MHz,
CD;0D) d¢: 174.6 (C-8), 157.6 (C-4), 131.3 (CH,, C-3,
C-5), 126.3 (C-1), 116.2 (CH, C-2, C-6), 52.4 (CHs, C-
9), 40.9 (CH,, C-7). LA I $5Hi 5 SCHkARE g 4%,
2022) AR —F, B R EIR CTR TP

&Y 11 BaRY, 58 Ci3H 0.,
HRESIMS m/z 237.1050 [M+H]" (caled for C;3H;70;,
237.1127), [@]20 D-156.1° (¢ 0.1, MeOH)., "H NMR (500
MHz, CD;OD) dy: 6.77 (dd, J = 3.8, 2.4 Hz, 1H, H-4),
6.02 (dq, J =154, 6.5 Hz, 1H, H-1"), 5.85 (dq, J=15.3,
6.5 Hz, 1H, H-2), 5.71 (ddq, J=15.4,7.5, 1.6 Hz, 1H, H-
2"),5.64 (ddq, J=15.4,7.5,1.6 Hz, 1H, H-1"), 4.59 (dd, J
=7.7,7.5 Hz, 1H, H-7Ta), 4.44 (m, 1H, H-7), 441 (ddd, J =
7.7,2.4, 2.4 Hz, 1H, H-3), 4.05 (bd, 2H, H-2), 1.81 (d, J=
6.5 Hz, 3H, H-3"), 1.75 (d, J = 6.5 Hz, 3H, H-3"); °C

NMR (125 MHz, CD;0D) d¢: 168.8 (C-5), 1352 (C-4),
134.6 (C-2"), 133.7 (C-2)), 130.8 (C-4a), 1282 (C-1'),
127.8 (C-1"), 84.7 (C-2), 81.3 (C-7), 79.4 (C-Ta), 64.9 (C-
3), 18.2 (C-3"), 18.0 (C-3"). VA %4 5 SCHik 4t i
(Nozawa et al, 2000)FEA<— 3, MU E A Waol A,

Ew 122 gk KR, o5 FRAH CiHLOs,
HRESIMS m/z 195.0973 [M+H]" (caled for C;H;50;,
195.0976), [¢]20 D—-16.5° (¢ 0.1, MeOH), 'H NMR
(500 MHz, CD;0D) dy: 6.28 (s, 1H, H-8), 4.89 (m, 1H,
H-2), 3.74 (s, 3H, H-7-OCHj3), 3.19 (dd, J = 15.3, 8.6 Hz,
1H, H-3), 2.67 (dd, J = 15.3, 7.7 Hz, 1H, H-3), 2.01 (s,
3H, H-11), 1.40 (d, J = 6.2 Hz, 3H, H-1); °C NMR (125
MHz, CD;0D) dc: 150.1 (C-6), 142.9 (C-7), 141.6 (C-9),
129.1 (C-5), 114.1 (C-4), 101.2 (C-8), 81.1 (C-2), 56.7
(7-OCH,), 37.9 (C-3), 22.0 (C-1), 12.2 (C-5). Lk F%d
5 CHkH A (Dramae et al, 2022) AR —5L, # % E N
(S)-7-H 4 FE-2, 5- T HIHE-2, 3- A AT W -6-1%

ﬂﬁ%% 13: E@[ﬁlﬁi, ﬁ’%ﬁj‘? Ci2H 1405,
HRESIMS m/z 237.0750 [M-H] (caled for C,,H;;0s,
237.0763), 'H NMR (500 MHz, CD;0D) dy: 6.26 (s,
1H, H-4), 3.77 (s, 2H, H-2), 3.67 (s, 3H, 1-OCH,), 2.56
(m, 3H, H-10), 2.04 (s, 3H, H-11); °C NMR (125 MHz,
CD;0D) dc: 206.1 (C-9), 173.9 (C-1), 161.3 (C-7),
160.6 (C-5), 134.4 (C-3), 118.9 (C-8), 112.3 (C-4),
111.9 (C-6), 52.5 (1-OCHj3), 41.2 (C-2), 32.2 (C-10),
8.2 (C-11). LA I %4l 5 SCHR i i (Smetanina et al,
2017)FEA—F, HEEN 6-HH-2-L /-3, 5-— 5%
FOR RS

&Y 14 RE A K, X8 CH;0;,
HRESIMS m/z 141.0548 [M+H]" (caled for C;HoOs,
141.0552), '"H NMR (500 MHz, CD;OD) dy: 6.01 (s,
1H, H-5), 2.21 (s, 3H, H-7), 1.86 (s, 3H, H-1); °C NMR
(125 MHz, CD;0D) d¢: 169.1 (C-2), 168.0 (C-4), 161.4
(C-6), 101.5 (C-5), 98.7 (C-3), 19.5 (C-7), 8.2 (C-1), Lk
UGS SCRkHR A (Smetanina et al, 2017)JEAR—2L, K
YT 4-FEHE-3, 6- H JL-2- ML I R

G 153 aB kK, 4 FXLA CoHOu
HRESIMS m/z 193.0508 [M-H] (calcd for CioHoOs,
193.0501), 'H NMR (500 MHz, CD;0D) dy: 7.59 (d, J
=15.9 Hz, 1H, H-7), 7.18 (d, J = 1.8 Hz, 1H, H-2), 7.06
(dd, J = 8.2, 1.9 Hz, 1H, H-6), 6.81 (d, J = 8.2 Hz, 1H,
H-5), 6.32 (d, J = 15.9 Hz, 1H, H-8), 3.89 (s, 3H, 3-
OCH;); >C NMR (125 MHz, CD;0D) d¢: 171.2 (C-9),
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150.5 (C-3), 149.4 (C-4), 146.8 (C-7), 127.8 (C-1), 124.0
(C-6), 116.4 (C-5), 116.1 (C-8), 111.6 (C-2), 56.4 (3-
OCHs). LA 8 5 SCHERHGE (BIE 5%, 2017)3E48—
3, e o BRI .
22 HEEERER

WREE R LAY 6—8 Xt B 4= VG Ak 4 B 1
EERDAA IS, BARTEAZE R R 1, L MIC

#1 AAYUMBRENS/ NMIEREMIC, £ pg-mL ™)
Tab.1 MIC of the compounds against pathogenic bacteria

fH4 %% 7.81, 3.91 Fl 7.81pg-mL™", BHMEZHHY MIC
H0 0.78ug'mL™"' . L&Y 6—8 Fl 11 XA HZEAAT
A S, e MIC A58 15.62, 15.62, 7.81
1 7.81ug-mL™", FHPEZGH) MIC {H4 0.05ugmL™" . 1k
HY 4. 68, 10 Fl 11 XFHILSRS B0 B G S T 1,
H MIC {43518 62.50, 3.91., 3.91, 3.91. 125.00 fil
1.95pg-mL™", BHPEZGHY MIC {4 0.10pg-mL™",

ey MIC-iif A PG b 4 28 i 4 Bk MIC-Hifi B2 HAT MIC-RZE B LI
4 - - 62.50
6 7.81 15.62 3.91
7 3.91 15.62 3.91
8 7.81 7.81 3.91
10 - - 125.00
11 - 7.81 1.95
FEPEZG R VD L) 0.78 0.05 0.10

s <A H AR

3 LGRS

ARSI A S B A B Aspergillus sp.
GXIMD 02045 hor@&E#33] 15 Meay, e 1—
15 2578 U DT 5% >k T %) At S e ot 4 o LT
SRk SR

G 1—5 BIZSHZEMRL, A2 AT — A R
R S A G, A AR Y [ A AR
PRI EA R, BN ESFECTRMA
JRERRMEA 2257 . Z4ERA 0B, NSRRI T
ith 2% Jm B B AR h Ak X AL 5 ) (Ogawa et al,
2004), ABFFEE UHGEAL Y 4 X2 B P Y 11
G, VEPARBOCR T &I 4 19 1 MR EEA BT
XL A I A TS . BB 6—8 AUREZAR
[, 2 — S RE A ) 5 B R A A A A X R R AR B ),
8 7 1Y 9 AR FERIRACAT 2N By R, P SCEkHE
/N B SE PG 7K 988 41 Bt (Bhrlich ascite carcinoma)Fll
N LR e = e A% 40 i (MDA-MB435) 7 41 it 5
(Gautschi et al, 2004; Smetanina et al, 2016), AWF5T &
AR IEZ AL G Dt T F AR P AR G AT A KT . Al
ZEFUAT TR AR SR AR S PR A TR Ve . BB ARSOCE R
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