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E T OSMAC #HiE-GNPS S [@ B4 E N & E & Aspergillus sp. FH-2 5
MR ERB =M REENEREEEAR

#%, &, % &, KEX, T #H, XRAw, ZFEE, H W
(TP EHAFNSR, MTULRALEARENAELHRTZE, KT RMHE 712046)

WE: BW RGN AEETH Aspergillus sp. FH-2 LR ZERFA h IR EZE A RILHT A IEE, ik 5T 0SMAC
Mg, SR GNPS 73T RIZEHAR , 255 RERE . ODS Jef il & im ROBUH (38 0] SR M2 7 e A T 4L 1] 43 B 2lidl, I AR
SR BT ST B AT A S . R R 22 A R AL B R AR IRBAEAR B Colletotrichum gloeosporioides H 41}
W, £8 MNH 4o EHR 18 e &%, 5 % % 4 hydroxysulochrin (1), monomethylsulochrin (2 |
griseophenone C (3) . diorcinol (4) . diaporchromone B (5) . chaetocyclinone B (6) . sydowinol (7). sydowinin A (8) .
aspergyllone (9) . carbonarone A (10) . penisimplicissin (11) . dihydrovermistatin (12) . 3-methyl-orsellinic acid (13) |
MK ZMPEE (14), 2, 4" R ILFX Z W (15), 2, 4-dihydroxy-3, 6-dimethylbenzoic acid (16). 2, 5-
dimethylbenzene-1, 3-diol (17) H12, 4-dihydroxy-6-methylbenzoic acid (18), tb&¥ 1~3, 5~8 Fl 11~14 [ EC, [E N
(26.2120.13) ~ (88.25+0.29) pg/mL, &t (EGW3~7, 11~12 FEWNEBER P/ 2EH, 1, 8~10,
13~ 15 N RN ZR R 2 B S B 1-3, 5~8 1 11~ 14 HA PR,

KRR WK Aspergillus sp. FH-2; REW; /3B 50E ; HUELIHTEYE ; OSMAC 5EHE; GNPS 4T M4 H AR
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OSMAC-activated and GNPS-guided investigation of polyketide secondary
metabolites from an endophytic fungus Aspergillus sp. FH-2 of Valeriana
officinalis and their antifungal activity
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ABSTRACT: AIM  To study the polyketides from the ethyl acetate fraction of Aspergillus sp. FH-2, an
endophytic fungus isolated from Valeriana officinalis L. METHODS Based on the OSMAC strategy, GNPS
molecular network technology, silica gel, ODS and semi-preparative high performance liquid chromatography were
used to isolate and purify polyketides, and their structures were identified by physicochemical properties and
spectral data. The antifungal activity against Colletotrichum gloeosporioides was evaluated using the mycelial growth
rate method. RESULTS Eighteen compounds were isolated and identified as hydroxysulochrin (1),
monomethylsulochrin (2) , griseophenone C (3) , diorcinol (4) , diaporchromone B (5) , chaetocyclinone B (6) ,
sydowinol (7 ), sydowinin A (8), aspergyllone (9), carbonarone A (10), penisimplicissin ( 11 ),
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dihydrovermistatin ( 12 ), 3-methyl-orsellinic acid ( 13), methyl p-hydroxyphenylacetate (14 ), 2, 4-
dihydroxyacetophenone (15), 2, 4-dihydroxy-3, 6-dimethylbenzoic acid (16), 2, 5-dimethylbenzene-1, 3-diol
(17) and 2, 4-dihydroxy-6-methylbenzoic acid (18). The ECs, values of compounds 1-3, 5-8 and 11-14 ranged
from (26.21+0.13) to (88.25+0.29) pg/mL. CONCLUSION Compounds 3-7 and 11-12 are isolated from
Aspergillus genus for the first time, while 1, 8—10 and 13-15 are first obtained from this strain. Compounds 1-3,
5-8 and 11-14 have antifungal activity.

KEY WORDS: Valeriana officinalis L. ; Aspergillus sp. FH-2; polyketides; isolation and identification ; antifungal
activity ; OSMAC strategy ; GNPS molecular networking

FLIAE H W AR AR EENRZ —,
70% L 1 IR B BB R L T, A
AR T RIS B 36 HE ) O R BT B, R
AR SR C 5 R — RS9
(R, AL A5 S R T 2 MR P AL . R Y
sk bR . ARREAR A W) B TR PRV LA R ) £
FIKAAAZS 38 G0 A A I IR 2 30 48 £ T 32 1) R
{2 T AR (AT Hp2 A Ji Akt A Sfilt e A
A A I T TR . R, A AR 5 Al
HATHE HIEE s R A S R i A= IR AR 2
© B 2 1T AR B O A 45k Y AT 5T AR5 I
Dt

¥ Valeriana officinalis L. YE h—Mii& 525 H
Ty, HEHEM . TEIESF DI 9z kT,
FEEHIMREE . ARIEE | B0 S E R
PEIFUESE , ARRE SR AN UEAT 2 1 P X
MARGWWEN, B H&—ERPTR . YURTER
PrAALIE M, MR HLZE 5 5w AR s R
WL BRI, DR R Z RE T EMYA &,
Xof HAAR N SR T I RE TS R N AR R R
PR R ARG 1, MR AT REMERIIZ 3
M8 JE Aspergillus LR AE N —28) 2 704 T A IR 5t
Y22 AR, DL A R A= AR ™ )5 i RE I i
BTN m BRSPS 2R B AR
BRI . W2 YRR E Y, R
Z o T EAE NGB LG W T T Im R, ankE
P29 (AT | T 0B R T R A R,
A5 X6} 2851 B PN A EURA Aspergillus sp. FH-2 IRAEAR
AT Ak, DA AR N A R TR Y
TRATT A K BT L S A& W) A0 i e 42 it
2%,

1 ##

AIIRIEAT B ()7 AR B A B B R BF 5T
FT) o LC-6AD Y~ il g5 w7 280 A €4 354X, e &
SPD-20A 2 Sh Al WL & ( H A By A H] ) 5

AVANCE BB #EILIR P IS (12 E Burker 2] )
Triple TOF™ 5600° i 43 # W BT Bk AL (3 1E AB
SCIEX 72 w]); [Bl — €5 % {% ( %% E Applied
PhotoPhysics 22 F] ) ; Welch Ultimate XB-C. , 2 il &
IR (10 mmx250 mm, 5 pm); HEGAHFAL
( LA AR A FRA F] ) 5 RVIO B
ZEE (FEE KA AF]) ; @S TIES (FMEtk
WRARAT) ; HHER (200~300 H, 7 51%
A TAHRAR) , W ROk, LWL T 4
mits, BB (@igal, R RS Rk R A
AR, WEE, —E@Wk, CRO (i,
KT R IR AT 5 glidok (BigH i
G AR .
2 Fik
2.1 HEARRBREEZ  BEEK Aspergillus sp. FH-2 73
B H BV Z IS K L5 Valeriana officinalis L. HY
BEEARZE  HoE EAEY PRV b R 2 Rk kAR
Y TE RIE S, SR FAEY T AR R bR T4
E, PREUHE N ZH DNA, PCR #7384 1TS X B, If:
B 7 45 B (GenBank % 5% 5 KF367546.1) 5
GenBank ¥ ZEEAT R A LX), %5 Hoar 220 )E
h Aspergillus sp. , 2RO T BEPE B2 25 K224
SRR L 25058 5 0 FH B S
2.2 AMES SOREFRE( SEFEEL) . 100 ¢
TR/, 115 mL K/, EREE 3.5% ; A kB FR0E
(2 5K FREE) . 100 ¢ ZE /. 115 mL K/, R
Ji 3.5% ; /NFEREFRIL(3 SHEERIE) . 100 g N/
115 mL K/, $hE 3.5% ; E RF¥E (4 S5
By, FERE 4% . 5K 400 g/L, R 15% (H
X pH) ; PDB J53R5E (5 SIEFRIL) . HAWE 2% |
+ 5k 200 /L, EhEE6.5% (H pH); GPY (6
SRFREL) . WAIRE 1.0% . A 1.0% . BEEEE
0.2% . 145 0.25% (pH=7.0~7.5); I 1 B35k
(7 SREFRHL) . FH 2P0 4% . ILAYEE 5% | IRk
1.3% . WRAE 1.0% . (2R 0.05% ., MgSO, - 7H,0
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0.03% . KH,PO, 0.05% , ¥/ 3.5% (pH=6.5~
7.0); FL2IEFRIEE (8 SIGFRAEL) . BEREE 1.3% |
WA 1.0% . & R 0.05% . MgSO, - 7H,0
0.03% . ¥ 3.5% (pH=6.5~7.0),

2.3 —#%4&EH (OSMAC) R TFI5445 84
Mo NFIIEHR Aspergillus sp. FH-2 B RE RIS
g, 78 8 P IR AT & RS IR I AT A=
25, VIE S5, KW= & LC-MS 41
Br, @i%%1A Welch Ultimate XB-C 2 il £ (43
K (10 mmx250 mm, 5 um); WM (A) -
K (B), BEEEMRM (0~2.5 min, 10% ~30% A;
2.5~ 15 min, 30% ~ 90% A); & B & 0.7
mlL/min; A 30 C; KA, #HFERE 3 pl,
2.4 ¥HRAEBE N Aspergillus sp. FH-2 2Fh T LI
PDB [EfA$E R, FFHIE R EE S, ik
F34 500 mL PDB iR IARIG SR AL G SR, # b
FE THEERES (28 €, 165 r/min) JRi%H;
FE2d, AT, B 10 mL AP T, R TR
HIOKKEFEEE (100 ¢ TR/, 115 mL K/, £
J£6.5% ) 1 LEFMT, 25 CHrE 555 30 d,
PE KRB 355 A SRR 50 L,

2.5 GNPS »FM% &% B YR H K LC-MS"
SHTRI 2 % MS/MS i B AE A 7E GNPS (http: //
gnps. ucsd. edu) H, FFZEIRFEA Cytoscape 3.7.2
(www. cytoscape. org) HFrpiff n] AL AL H, 43
T FH GNPS W e TR AR, Bdaft
H MS-Cluster #1752, & FlREAZERN0.02
Da, MS/MS R B F42240.02 Da, DIAIHAER
o BIEERIZEIT, ARBLPEER R T 0.7 ELICRC A4
It 6 4, ARIFEEIE T A Cytoscape3. 7. 2 B IF
WIR AT UM M 2 Rl 3 53— B AR 2
AT LATERRANTT i H DR AT T Ak (B 6a X 1
AR, ZRLANE M 0 4% 5% AR A
P, LRHOH SR AR I

2.6 RERE55 HRGgHRE, mSEFRREPm
A 250 mL AR, KiGIF#iTieeE, ik, ik
LRI, BIFTCR TR, SRR SE 5315 4
2 CTRIRH 35 g0 LIROTREBN L REAE i, R
AW b-HEE (80 : 1~1:1) BREEVEME, 153
6 M (Fr.1~Fr.6), Fr.2 (6.2 g) % ODS
IYES, RAWEE-K (20 : 80~100 : 0) H6EEBEM,
2385 N5 (F.2-1~F.2-5), F.2-2 (1.2g) &
il # HPLC (W ahAH B BE-K 55« 45, (R
2.0 mL/min, MK 210, 270 nm) 4385, 153
846

G511 (1,=15.5 min, 5.0 mg) ., 2 (t,=17.8
min, 7.2 mg). 3 (t;=24.2 min, 8.2 mg) #14
(1,=36.5 min, 5.5 mg), Fr.3 (12.6 g) £ ODS
oy, RHIHEE-K (20 : 80~100 : 0) ARJEBE
Wi, 5% 6 44 (F.3-1~F36), F.32
(2.7 g) ZFHfil#& HPLC (UishAH B BE-/K 62 : 38,
RFLUR R 2. 0 mL/min, AP 210, 254 nm) 4
B, BEMEEW 9 (1,=16.2 min, 4.5 mg) FI10
(t,=27.5 min, 13.5mg); F.3-3 (1.6 g) &}l
# HPLC (sl EBE-7K 65 = 35, AR & 2.0
mL/min, MK 210, 270 nm) 5E, 534G
W11 (1, =21.5 min, 6.5 mg) 12 (1, =354
min, 8.8 mg), Fr.4 (15.9 g) %4 ODS #: /&,
KHIFEE-7K (20 = 80~100 : 0) BEREVEME, 7436
NSy (F.4-1~F.4-6), F.4-1 (0.8 g) &2kl
HPLC (i h A1 H EE-/K 65 @ 35, MKBL & 2.0
mL/min, FMHEK 254, 325 nm) 58, 534G
YIS (t,=9.8 min, 14.3 mg) ., 6 (t,=14.6 min,
8.2mg), 7 (t,=29.7 min, 10.5 mg) F8 (t;=
36.5 min, 13.5 mg); F. 42 (1.3 g) Z2FH 4%
HPLC (i 3h A H EE-K 70 = 30, fRBUG&E 2.0
mL/min, KP4 210, 306 nm) 438, H214LS
W13 (t,; =7.0 min, 17.1 mg) ., 14 (1, =13.3
min, 8.2 mg) Fl 15 (¢, =25.5 min, 6.3 mg);
F.4-3 (5.2 ¢) 44 HPLC (i shAH B BE-/k
70 = 30, AR 2.0 mL/min, &0 K 210,
254 nm) 43, HEEY 16 (1, = 18.0 min,
7.3 mg). 17 (t, =24.3 min, 12.9 mg) Fl 18
(tg=34.5 min, 8.9 mg),

2.7 HARFEAR RAHWELA KRBT,
W VM A A W AE 100, 50, 25, 12.5, 6.25
g/ mL Y JoT f v B R A I 5 I T ) 4100 o 9 P
A RV FE IR BB TR R b 45 1, TRl A TG
7K PDA 558 AR AR s U0 IR (TS AT
LS LR o 22 1R, EAh T PDA KF 3% 3P H v g
FE 28 CAMF M EIEEESR 3 d 5, VAZ TR R0 P
M, SR8 O E i % AP 24K
iR, AXNELERE R = [ (MREE A
BRIV BAR )/ RV ER-RR EAR) ] x
100% , VAZHRRBERTBCA R A by, B 22 A4 KA il R
YRR T A, TR G 4% s i TR R 1 400
FIRIE (ECy) ., BAELL (xxs) Fms, M HHFR
JHER I E 7 220815 Duncan ¥, P<0.05 F£R25
HAGISE XY LR PAHEE 3K,
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3 FR

3.1 MmHBFARAFE SR OSMAC % % 3R 1,
XF 8 M SR L ST L, KT GNPS 43 ¥ M 45 41
Mr, FH454 UPLC-DAD-MS/MS i RECHI, f#br A
[ 35 SRR AE A Wik 2 2R, B 1 AT,
Aspergillus sp. FH-2 T ARTE 1 5 55 35 3 IR H AL
7 P I 22 A 10 8 P IR 1) 0 T A i e
oA, AR T A R 2R S
FRE, I, SEE TR A R A, W ROKES
P PR AN
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Fig.1 LC-MS comparison of secondary metabolites

from Aspergillus sp. FH-2 strain

3.2 GNPS ¥4 & AR iR IR KL G
EAETRNL, LAREIZAAY) emodin m/z 269. 046 3
[ M-H] ARER, 5 Aspergillus sp. FH-2 KK F73k
LR CPEREEBUAL ) — K 57 (Fr. 1~Fr.6) 3
£ GNPS 7r T M4, & 2 aJ %, 1F Cluster-1 #&H
PER Fr.2 ~ Fr.4 W ATER KA G Y, G
347.076 [M-H ]~ (1), 303.086 [M-H]™ (3).
315.051 [M-H]™ (7). 329.102 [M-H]~ (12) 0
165.056 [M-H]~ (14) WHESTEET,

3.3 ##%kE kAW REAKREK, 5T
C,,H,,0;, HR-ESI-MS m/z; 347.076 0 [M-H] ,'H-
NMR (400 MHz, DMSO-d,) &: 6.70 (1H, d, J=
2.2 Hz, H-3), 6.88 (1H, d, J=2.2 Hz, H-5),
6.31 (2H, s, H-3', 5'), 4.37 (2H, s, 4'-
CH,OH), 3.66 (3H, s, 6-OCH,), 3.66 (3H, s, 2-
COOCH,); "“C-NMR (100 MHz, DMSO-d,) &:
128.0 (C-1), 126.5 (C-2), 104.4 (C-3), 156.6
(C-4), 104.1 (C-5), 158.0 (C-6), 200.1 (C-7),
109.9 (C-1'), 161.5 (C-2'/6"), 107.5 (C-3'/5"),
152.4 (C-4"), 166.2 (2-COOCH,), 63.2 (4'-

E1 GNPS HFMEMEHERE (HEFHER)

Fig.1 GNPS molecular network targeted isolation

map ( negative ion mode)

CH,0H), 56.5 (4-OCH,), 53.2 (1-COOCH;), bk
B SSCER [11] RoEEAR -3, Mg E S
%1 1 M hydroxysulochrin ,
a2, weamAR, 7510 CH,0,,
HR-ESI-MS m/z: 345.096 8 [ M-H ]™,'H-NMR
(400 MHz, CDCL,) 6. 6.73 (1H, d, J=2.0 Hz, H-
3),7.21 (1H, d, J=2.0 Hz, H-5), 3.69 (3H, s,
6-OCH,), 3.70 (3H, s, 2-COOCH,), 6.50 (1H,
s, H-3'), 6.12 (1H, s, H-5"), 2.35 (3H, s, 4'-
CH,), 3.40 (3H, s, 6'-OCH,), 13.50 (1H, s, 2'-
OH) ;*C-NMR (100 MHz, CDCl,) 6; 128.8 (C-1),
127.6 (C-2), 103.1 (C-3), 156.8 (C-4), 107.8
(C-5), 156.9 (C-6), 167.6 (1-COOCH,), 56.3
(1-COOCH,), 200.1 (C-7), 112.2 (C-1"), 164.3
(C-2"), 110.9 (C-3"), 148.3 (C-4), 104.1 (C-
5'), 161.1 (C-6'), 22.8 (4'-CH,), 55.9 (6'-
CH,), 52.5 (6-OCH,) ., LI &5k [12] i
HOE A - FH, M ELKEW 2 K
monomethylsulochrin ,
a3 ek, 751 CH, 0,
HR-ESI-MS m/z: 303.086 3 [ M-H ] ,'H-NMR
(400 MHz, CDCl,) &: 3.75 (3H, s, 2-OCH,),
6.41 (1H, brs, H-3), 6.39 (1H, brs, H-5), 2. 15
(3H, s, 6-CH,), 5.99 (1H, brs, H-3'), 5.60
(1H, brs, H-5"), 3.80 (3H, s, 4’-OCH,);" C-
NMR (100 MHz, CDCl,) &: 120.8 (C-1), 158.6
(C-2), 98.0 (C-3), 159.8 (C-4), 110.7 (C-5),
138.3 (C-6), 196.9 (C-7), 106.6 (C-1"), 94.4
(C-3"), 167.2 (C-4'), 94.6 (C-5"), 56.5 (2-
OCH,), 20.3 (6-CH,), 55.9 (4'-OCH,), P\ %
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RSO0k [13] RIERA -, HEELEY 3
A griseophenone C

a4 BEmR, 77Xk C,H,0,,
HR-ESI-MS m/z: 229.087 2 [ M-H ] ,'H-NMR
(400 MHz, CD,0D) 6. 6.36 (2H, d, J=2.0 Hz,
H-6, 6'), 6.28 (2H, s, H-4, 4'), 6.20 (2H, t,
J=2.0 Hz, H-2, 2'), 2.22 (6H, s, 6-CH,);"C-
NMR (100 MHz, CD,0OD) §.: 159.6 (C-1, 1'),
104.2 (C-2, 2'), 159.6 (C-3, 3"), 112.0 (C-4,
4"y, 141.6 (C-5, 5'), 111.8 (C-6, 6'), 21.5 (6,
6'-CH,) . VA& 530k [14] i seA —,
WO EL AW 4 N diorcinol .

a5 LTEmAR, 747K C H,O,,
HR-ESI-MS m/z; 301.072 3 [ M-H]™)_.'H-NMR
(400 MHz, CDCI,) é: 5.31 (2H, s, H-1), 5.43
(IH, s, H-4), 6.86 (1H, s, H-6), 6.88 (1H, s,
H-8), 4.02 (3H, s, 7-OCH,), 3.85 (3H, s, 9-
COOCH,) 2.03 (3H, s, 3-CH;);"” C NMR (100
MHz, CDCl,) 6. 64.6 (C-1), 167.6 (C-3), 94.5
(C-4), 101.9 (C-6), 162.3 (C-7), 112.7 (C-8),
134.4 (C-9), 172.7 (C-10), 102.6 (C-11), 160. 1
(C-12), 156.5 (C-13), 115.6 (C-14), 21.3 (3-
CH,), 169.5 (9-COOCH,), 53.5 (9-COOCH, ),
56.4 (7-0CH,) , VI L85k [15] i A
—5, BEEMAY S A diaporchromone B,

&y 6. sEmAR, 71X N CH,O0,,
HR-ESI-MS m/z: 317.066 9 [ M-H ]~ .,'H-NMR
(400 MHz, CDCl,) 6. 5.21 (2H, s, H-1), 6.25
(1H, d, J=1.0 Hz, H-4), 6.92 (1H, s, H-8),
3.98 (3H, s, 7-OCH,), 3.95 (3H, s, 9-
COOCH,), 2.30 (3H, d, J=1.0 Hz, 3-CH,);"C
NMR (100 MHz, CDCl,) &: 63.4 (C-1), 164.7 (C-
3), 114.5 (C4), 136.7 (C-6), 149.6 (C-7),
107.2 (C-8), 121.2 (C-9), 176.5 (C-10), 113.6
(C-11), 155.3 (C-12), 145.3 (C-13), 109.4 (C-
14), 168.2 (9-COOCH,), 53.2 (9-COOCH, ),
20. 1 (3-CH,), 56.6 (7-OCH,) . LA I %#s 5 SCiik
[15] B A -2, HEELGY 6 N
diaporchromone B,

a7, BEmAK, 747Xk C H,0,,
HR-ESI-MS m/z: 315.051 2 [ M-H ] .,'H-NMR
(400 MHz, DMSO-d,) 6:6.75 (1H, d, J=1.2 Hz,
H-2),6.99 (1H, d, J=1.2 Hz, H4), 7.62 (1H,
848

d, J=9.1Hz, H-7), 7.49 (1H, d, J=9.1 Hz, H-
8), 4.60 (2H, s, H-15), 3.85 (3H, s, O9-
COOCH,) ;" C-NMR (100 MHz, DMSO-d,) &:
161.2 (C-1), 116.4 (C-2), 148.6 (C-3), 104.2
(C-4), 154.6 (C-6), 117.9 (C-7), 107.8 (C-8),
126.1 (C-9), 181.2 (C-10), 106.4 (C-11), 152.7
(C-12), 155.5 (C-13), 120.5 (C-14), 62.5 (C-
15), 167.6 (9-COOCH,), 53.5 (9-COOCH,), Lk
FEARSSCER [16] EEA -3, MEEES
W17 N sydowinol ,

e 8. ®EkmAR, 51Xk CiH,O,,
HR-ESI-MS m/z: 299.056 2 [ M-H ] ,'H-NMR
(400 MHz, DMSO-d,) &: 6.80 (1H, d, J=1.5 Hz,
H-2), 7.10 (1H, d, J=1.5 Hz, H-4), 7.51 (1H,
dd, J=8.5, 1.2 Hz, H-6), 7.90 (1H, dd, J=
10.0, 8.5 Hz, H-7), 7.78 (1H, dd, J=10.0, 1.5
Hz, H-8), 4.70 (2H, s, H-15), 3.95 (3H, s, 9-
COOCH,), 5.56 (1H, brs, 1-OH) ;" C-NMR ( 100
MHz, DMSO-d,) &: 162.9 (C-1), 109.4 (C-2),
155.1 (C-3), 105.3 (C-4), 124.5 (C-6), 134.4
(C-7), 120.2 (C-8), 136.5 (C-9), 181.2 (C-
10), 108.6 (C-11), 157.7 (C-12), 157.6 (C-13),
118.6 (C-14), 53.6 (C-15), 171.5 (9-COOCH,) ,
65.2 (9-COOCH,) . LA F&HE 5 3Cmk [17] fiwid
FAR—Z, MEEEEY 8 4 sydowinin A,

e 9. ®wEkhmR, 71Xk C,H,0,,
HR-ESI-MS m/z: 185.061 0 [ M-H ] ,'H-NMR
(400 MHz, CDCL,) 6. 7.69 (1H, d, J=6.0 Hz, H-
2), 6.27 (1H, dd, J=6.0, 2.5 Hz, H-3), 6.15
(1H, d, J=2.4 Hz, H-5), 3.82 (2H, m, H-7),
7.34 (2H, m, H-10, 12), 7.26 (2H, m, H-9,
13), 7.35 (1H, d, J=7.2 Hz, H-11);"” C-NMR
(100 MHz, CDCl,) 8: 155.5 (C-2), 116.7 (C-3),
179.4 (C-4), 115.6 (C-5), 167.9 (C-6), 41.2
(C-7), 134.1 (C-8), 130.1 (C-9, 13), 127.5 (C-
11), 128.9 (C-10, 12). DL F%kde 5 ik [18]
fOE A B, MEEEMAY 9 N aspergyllone

& 10, EEKK, 5+ € H, NO;,
HR-ESI-MS m/z: 228.066 9 [ M-H ] .,'H-NMR
(400 MHz, CDCl,) &: 8.78 (1H, s, H-2), 6.28
(1H, s, H-5), 3.92 (2H, s, H-7), 7.29 (1H, s,
H-9), 7.41 (1H, d, J=6.0 Hz, H-10), 7.35 (1H,
d, J=7.2 Hz, H-11), 7.37 (1H, d, J=6.0 Hz, H-
12), 7.27 (1H, d, J=6.5 Hz, H-13);"”C NMR
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(100 MHz, CDCl,) &: 155.6 (C-2), 116.4 (C-3),
179.9 (C-4), 115.6 (C-5), 168.5 (C-6), 41.2
(C-7), 134.9 (C-8), 130.2 (C-9/13), 130.1 (C-
10/12), 127.8 (C-11), 169.0 (C-14), i %4
Sachk [19] #oBEEA -8, M aY 10 4
carbonarone A,

a1, AEmk, 41Xk CH, O,
HR-ESI-MS m/z: 301.072 5 [ M-H ]~,'H-NMR
(400 MHz, CDCl,) &:6.98 (1H, d, J=2.2 Hz, H-
3), 6.71 (1H, d, J=2.2 Hz, H-5), 6.45 (1H, s,
H-8), 6.24 (1H, s, H-11), 7.50 (1H, s, H-14),
2.31 (3H, s, H-15), 3.80 (3H, s, 4-OCH,) , 3.85
(3H, s, 6-OCH,) ;" C-NMR (100 MHz, CDCI,) §:
169.8 (C-1), 129.6 (C-2), 99.3 (C-3), 163.5
(C-4), 105.4 (C-5), 155.6 (C-6), 127.5 (C-7),
73.6 (C-8), 123.1 (C-9), 177.9 (C-10), 115.6
(C-11), 166.5 (C-12), 154.7 (C-14), 19.7 (C-
15), 56.4 (4-OCH,), 56.5 (6-OCH,), L\ I-%d
HacHk [20] #GEEA -, WEERA 11N
penisimplicissin,,

EW 12, AEBKR, 7 FXH C i H, O,
HR-ESI-MS m/z: 329.103 0 [ M-H ] ,'H-NMR
(400 MHz, CDCl,) &:6.92 (1H, d, J=2.1 Hz, H-
3), 6.72 (1H, d, J=2.1 Hz, H-5), 6.51 (1H, s,
H-8), 6.20 (1H, s, H-11), 7.47 (1H, s, H-14),
2.52 (2H,t, J=7.6 Hz, H-15), 1.67 (2H, qt, J=
7.2, 7.6 Hz, H-16), 0.99 (3H, t, J=7.6 Hz, H-
17), 3.80 (3H, s, 4-OCH,), 3.88 (3H, s, 6-
OCH,) ; *C-NMR (100 MHz, CDCl,) &: 169.8 (C-
1), 129.1 (C-2), 99.4 (C-3), 163.7 (C-4),
105.6 (C-5), 154.3 (C-6), 127.3 (C-7), 74.1
(C-8), 123.6 (C-9), 178.4 (C-10), 114.4 (C-
11), 169.6 (C-12), 155.5 (C-14), 35.9 (C-15),
19.8 (C-16), 14.2 (C-17), 56.6 (4-OCH,), 56.1
(6-0CH,) . DL - %ds 5 3CHk [21] i A —
B, WA 12 4 dihydrovermistatin

Ew 13 AR, o+ Xk CH,O0,,
HR-ESI-MS m/z: 151.038 6 [ M-H ] .'H-NMR
(400 MHz, CDCl,) &:7.12 (2H, d, J=8.8 Hz, H-
2, 6), 6.81 (2H, d, J=8.8 Hz, H-3, 5), 3.39
(2H, s, H-7);" C-NMR (100 MHz, CDCl,) &:
156.7 (C-1), 116.6 (C-2, 6), 131.8 (C-3, 5),
127.8 (C-4), 42.2 (C-7), 172.9 (C-8), L\ %k
PS5 Ccmk [22] iR A—, WEELEY 13

A 3-methyl-orsellinic acid

& 14 wEEBK, 57Xk CH,O;,
HR-ESI-MS m/z: 165.056 0 [ M-H ] ,'H-NMR
(400 MHz, CDCL,) 6. 7.11 (2H, d, J=8.8 Hz, H-
2, 6),6.73 (2H, d, J=8.8 Hz, H-3, 5), 3.70
(2H, s, H-7), 3.61 (3H, s, H-9);”C-NMR (100
MHz, CDCl,) &: 156.8 (C-1), 116.4 (C-2/6),
131.2 (C-3/5), 127.8 (C-4), 42.9 (C-7), 173.2
(C-8), 53.3 (C-9), i L-%¥s 5k [23] il
FA—Z, MEEEEY 14 AR RS,

k& 15 BEKm AR, 77 G H0,,
HR-ESI-MS m/z: 139.039 0 [ M-H] .'H-NMR (400
MHz, Acetone-d,) 6; 7.81 (1H, d, J=8.8 Hz, H-
3), 6.52 (1H, dd, J=8.8, 2.0 Hz, H-4), 6.42
(IH, d, J=2.0 Hz, H-6), 2.62 (3H, s, 8-
CH,) ;" C-NMR (100 MHz, Acetone-d,) 8: 167.1
(C-1), 114.6 (C-2), 132.9 (C-3), 107.5 (C-4),
164.8 (C-5), 103.8 (C-6), 201.9 (C-7), 26.6
(8-CH,), DI ¥R 5 3cilk [24] B HA—3K,
ME G 15 M 2, 4-ZREEFE T,

k& 16. AEBK, 41Xk CH,O,,
HR-ESI-MS m/z; 181.051 6 [M-H]™,'"H-NMR (400
MHz, CDClL,) 8;: 6.32 (1H, s, H-2), 2. 12 (3H, s,
H-8), 2.51 (3H, s, H-9);"” C-NMR (100 MHz,
CDCL,) &;: 161.8 (C-1), 105.6 (C-2), 141.4 (C-
3), 111.7 (C-4), 164.4 (C-5), 109.5 (C-6),
175.6 (C-7), 8.1 (C-8), 24.7 (C-9), VI %k
5ICHk [25] EREA -, SEEEY 16 4
2, 4-dihydroxy-3, 6-dimethylbenzoic acid,

& 17. Aam AR, XX CH,O0,,
HR-ESI-MS m/z; 137.061 6 [ M-H] ,'H-NMR (400
MHz, CD,0OD) &: 6.25 (2H, s, H-2, 4), 2.17
(3H, s, H-7), 1.87 (3H, s, H-8);"”C-NMR (100
MHz, CD,0OD) &: 156.8 (C-1), 108.8 (C-2),
136.4 (C-3), 108.5 (C-4), 156.9 (C-5), 108.8
(C-6), 21.4 (C-7), 8.8 (C-8) . LA %S ik
[26] fRiEFEA -2, MEEMEW 1T R 2, 5-
dimethylbenzene-1, 3-diol,

Ew 18 kAR, o+ Xk CHO0,,
HR-ESI-MS m/z; 167.043 4 [M-H] ,'H-NMR (400
MHz, CDCl,) 8; 6.20 (1H, d, J=2.1 Hz, H-2),
6.39 (1H, s, H-6), 2.52 (3H, s, H-8);”C-NMR
(100 MHz, CDCl,) &: 163.4 (C-1), 101.1 (C-2),

849
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166.5 (C-3), 112.2 (C-4), 145.2 (C-5), 112.6
(C-6), 174.2 (C-7), 23.8 (C-8), VI F%¥E 5 X
BRO[27] fEHEA -3, MECKEGY 18 K 2,
4-dihydroxy-6-methylbenzoic acid,

3.4 WARFR HREIAHA, LEW1~-3, 5~
8 I 11~ 14 XA TRBARAT A 4RI M EA, H
LAY 1~ 3 IDHIE = TG Z WA, 1k
EW 4. 9~10 T 15~ 18 XF A TR FT B oK 6 B i
TS

x1 HEW1~18MEC,E (pg/mL, x5, n=3)

Tab.1 The EC,, values of compounds 1-18 ( pg/mL,
xxs, n=3)
e ECfi e ECs

1 36.54+1. 26b 11 54.36+0. 17d
2 47.12+0. 49¢ 12 66. 63+0. 15d
3 26.21+0. 13a 13 70. 34+0. 291
4 >100 14 85.69+1. 35
5 79.98+0. 56e 15 >100

6 63. 84+1. 25¢ 16 >100

7 88.25+0. 29 17 >100

8 77.62+1. 18f 18 >100

9 >100 LW R 49. 58+0. 10c
10 >100

Vs R EEEORAL 2 5 BAT G658 L (P<0.05) .
4 iTig

AR # A OSMAC 56 B8 5 GNPS 43+ ™
WER, XTHUR N B Aspergillus sp. FH-2 H1 23
RS BT HEAT T R 4248 . OSMAC 5 W 38 4o i AR
EIRAAE, AR TR RA < UTE Mk
WA B, T SEEL T AR = e 2E 2
i) “FFIR” 5 GNPS 501 W 45 F R Xt & 24 10 & 18 7
YA 2 A AL S AT AL R T, R
AW R AR ] 4 B AR AL T OREME < S0, FEX P
“THIE” 5 <A MZE NIRRT, B2
BARE 18 MeEY, Hhieaw3~7, 11~12 K
HXNMEEERE T E A, 1, 8~10, 13~15
HERMNKFE A S, FEE R, HiER
k2 2R Won i & 8 A RERE e E K, R
T A RR IR SR B T B PN A T 1) vk A= AR
A EA MR I 515 R

PLECRRIG ORI o, A 1~ 3 XAk
JELIS B (A B0 A 05 1 (B A T B X R 2 2 R, 7
MFTL 2R ZG P RS H 25 IR T R R, X gk
P LI M S50, N TF R BT AU i B 7
YR P T W W e e B, 2f BT
W, AWFFEAC A B JE B 1Ak 0 o DTk T
850

G, SRR T EAT SEBR R R R BT B N
o F . XA WIRROCR | YEFIPLE] L
A BGERMEARRANSE, s — Ak
YT KRR

Bigt. Bt NP B K IR EANHARRA A
PRI AT R T &,
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BtRESZ=ZCRZEDRMULERS REZBZMHFERR

2=/ mv, o EEaY,  EXENY

. Z#EBPEARFAER, 24 8 230012; 2. ZEEFUERKFTHEELEE, £4 &/ 230012,

3. AU W R EM S REAMNAZEE e AFHEALRE, 2/ &8 230012)

HWE. BHW W5 ANUBE Pholidota chinensis Lindl. {B852Z5 Z 1R L BRI AL 2F 0 e LB @ 2k G, ik RHA
REFR . Sephadex LH-20 #5BHEENE . W2 A5 K 2E 814 HPLC $EAT4> s alifl, MR 3R Ak M I3 K il 1 B0 56 5 A ig b &
YIREEA . R NaOH ZikG AL S H1%F B16F10 4R 22 (0 AR i m i ve ] . B8R MW Aresig 3l 10 kb &

W,

SrAISE MARIGIR A (1), 3, 3", S-=HAEREKT (2), 3, 37, 5S-=HHAEZEHEF (3). coeloginin (4)

ochrolide (5) . fliBkIE (6) . 3, 3'-RI-5-WEAIE RO (7). 3, 4-2 7%, 3, 5s-=WEE KL

(8)

C3RESPEETIKME (9)., 4, T-TRFED 3, 6-=PHEIE (10), 1LEW 2~10 TS, BI6F10 40jEHY

BEZESEN (66.82+0.93)% ~ (134.00+3.16)% ., £t L&YW 1 HEHGIREATEY, 2~10 HE, 4~-5 K1
NIk R R P4y B3RS . thAY 2~3 B B B ZMEIIEE, 5~ 10 B9 6 55 B 25 RE SR A2
KGR ANk REEE; ZERCTRENL; iy R, B BaERmHET:

FESES. R284. 1
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