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AL EMR T Aspergillus fumigatus 9-1 XA E =40
nE. mMELHR

R, ZEA, BARR

HaIN K AEAE L7 5 TR 2B, At AN 350108

W XA SR A 2 Aspergillus fumigatus 9-1 YRBACIHT= W AOLERAFIIG PESEAT TIFSY . 2 00 . rERHG
fé‘ PR G | BRI (XS A1 L33 Bﬁfliklliﬁﬂﬁ A fumlgatus 9-1 WA WiAT s atide, Mgl T 16 Med
Y. B AERER SSRGS . SRS IR, S A TS KRR prenyleyclotryprostatin A (1), verruculogen TR-
2 (2). cyclotryprostatin E (3). cyclotryprostatin B (4). asperfumigatin (5). 12R, 13S-dihydroxyfumitremorgin C (6). spirocyclic
diketopiperazine alkaloid (7). fumigaclavine C (8). fumigaclavine A (9). chaetominine (10). fumiquinazoline J (11). thymidine (12).
pyripyropene A (13). monomethylsulochrin (14). questin (15). helvolic acid (16). H:AH LG 1 IR Aspergillus &I, PG
PERFGE KW 16 X Listeria monocytogenes BAT BB FIPTHTEME, F/MIUHWRE A 4.03ugmL™" . 13—15 % L. monocytogenes HAT
HEERTRTEYE, S MITERIVRE R4 6625, 78.63. 64.54pug'mL™ [RIHASMNE T AIG LSRR, (AW 6 HARRMY
DPPH(1, 1-diphenyl-2-picryl-hydrazyl) [ FH I BRIGE, LEONHIHE N 9.82pgmL ™ (bEH 6. 8. 9. 14 HATEERM ABTS[2, 2
azinobis-(3-ethylbenzthiazoline-6-sulphonate)] [ H1 EF 4 Mk, 2EECMIH B 4390 2,72, 043, 3.23 Fl 1.96pg-mL ™",
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Research on the antioxidant and antibacterial activities of secondary metabolites from
Gelidium-derived fungus Aspergillus fumigatus 9-1
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Abstract: This paper examines the structure and activity of the secondary metabolites of Aspergillus fumigatus 9-1, a symbiotic
epiphytic fungus of rockweed. The secondary metabolites produced by A. fumigatus 9-1 were systematically separated and purified
using a combination of thin layer chromatography, silica gel column chromatography, high performance liquid chromatography, and gel
column chromatography, resulting in the isolation of 16 compounds. Spectral analysis, including nuclear magnetic resonance (NMR)
spectroscopy and comparison with literature data, led to the structural elucidation of these compounds as: prenylcyclotryprostatin A (1),
verruculogen TR-2 (2), cyclotryprostatin E (3), cyclotryprostatin B (4), asperfumigatin (5), 12R, 13S-dihydroxyfumitremorgin C (6),
spirocyclic diketopiperazine alkaloid (7), fumigaclavine C (8), fumigaclavine A (9), chaetominine (10), fumiquinazoline J (11),
thymidine (12), pyripyropene A (13), monomethylsulochrin (14), questin (15), and helvolic acid (16). Compound 1 was first reported

from Aspergillus. The antimicrobial activity showed that compound 16 had strong antibacterial activity against Listeria monocytogenes,
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with a minimum inhibitory concentration of 4.03 pg'mL™". 13-15 had moderate antibacterial activity against L. monocytogenes, with
MICs of 66.25, 78.63 and 64.54 pg-mL ™", respectively. The in vitro antioxidant activity results demonstrated that compound 6 exhibited
robust DPPH (1, 1-diphenyl-2-picryl-hydrazyl radical) radical scavenging activity, with a half inhibitory concentration of 9.82ug-mL"™".
Additionally, compounds 6, 8, 9, 14 displayed notable ABTS (2, 2'-azinobis-(3-ethylbenzthiazoline-6-sulphonate)) radical scavenging
activity, with a half inhibitory concentration of 2.72, 0.43, 3.23 and 1.96 pg-mL™", respectively.

Key words: Aspergillus fumigatus; secondary metabolites; antibacterial activity; antioxidant activity

F S LR & W AGEE 3 A . A R
H R, 2 S BN A A R (deoxyribonucleic acid,
DNA). AR, NiiiE—L SEWUAR =&
G, PRI RN 24219 A RV R A5 0
HEE(Wu et al, 2018), UT4EHK, 2ERE 22 A
R, U R R R T G R B B A R
(Guo et al, 2023). K, XF T EPERAE Y B 2
I NEE,

T LR AR RS — AN A | B AR RIS AE IR
A THER LT IR B . Ry 13 W I R,
T B A SRR PT A DR EA A W I AR IR ARG
7, s ERBUOMNRFE M 4, 2020), Li
45 (2014a) AR g - IR L1355 85 18 Penicillium
echinulatum pt-4 KEEYH 0 254528 1 S TR 5
Arisugacin K, iZ1b& Y% KM FF B HA P HIVE @0 e
B2 R 8mm), AN, Li %(2014b)if it o B2 e 4 bt
H: ELIE Aspergillus wentii EN-48 757 &, MK
FeE = oy B9 8 14 23 5% DPPH (1, 1-diphenyl-
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26 25123
2/ 23 I
e
3 HO
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B AR AR RS 9-1 thE & 1—16 145X
Fig. 1

2-picryl-hydrazyl radical) | FH 3 HE 77 A58 (1) BB AT A=)
CEIMHIHEE 1Cs= 5.2ug'mL™"), AW NG (FLYER
&, 2025)7E MG 3L (Sargassum fusiforme) 3 [t A= B
Aspergillus sp. GXIMD 02045 H135£5 7 3 /Nifif 48 P
A B AT ATERE . REZEAEAT TR . AR AR TR R
A IHE R RRRAE A

AR S T O AER P L3R (Gelidium), I3 AiifE
ERE . WL, ARG S EIX, —BERK
TR T 2~4m A ryIaE I, iR s 2 ok
%, ALRTEAEESWEAR. AR,
TER A AR R I 56 25 A5 AU AR A5 3 iz v I (7
ek AE, 2021) 0 ASHESE 08 A7 AE SRR A 4 i
Aspergillus fumigatus 9-1 #ATR:FE VL Koy & 4tifk, 152
T 16 MEEWIE 1), XA ER 16 MEA Wi T
T PUrA e 2= R B (Listeria monocytogenes) X i L% AR
A TR (Pseudomonas aeruginosa)ifiPERIN . [R]HFPEHY
THASYR DPPH M2 ABTS [2-azinobis-(3-
ethylbenzthiazoline-6-sulphonate)] [ H1 &35 57 M

OCHOQ  OH
7 A8 A9l

HO' 4
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Structures of compounds 1-16 from Aspergillus fumigatus 9-1
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1 MRS I
1.1 #R5iRF

IR S R R be ¥ P USRS 2o Pl N
AR S AR A B AR ] B 2045 55 5 A A A2 (TR
TN K22 E Rl 5 TR 2= B B S A Y R
I eSS AR mih & 9-1 H4E TAY) T2
() B A BRA RN E L ITS 1DNA JF51, H#E58
NCBI-BLAST i s 3t Hex, i HoFb @ A Aspergillus
fumigatus

1, 1- = 28 3 -2- = fi 3% 28 B (1, 1-diphenyl-2-
picrylhydrazyl) . 2, 2-HK % - X-(3- £ K 4 Ff- 12 s o -
6- fiffi iz ) —. ¥ k [2'-azinobis-(3-ethylbenzthiazoline-6-
sulphonate)]. #E4ZE C(vitamin C, VC). DU E
B (96 L)

FEZTRERC (AR IR B VLA RER T AT FRAA 7D, Fi
MRS (Sephadex LH-20, GE Healthcare Bio-Sciences
AB), )2 ETRER AR (LU AR M S VLA RERTIT A A R
A)), AR (10% IR A 22 ), iR 24 i
& = W1 % 7 AR (dimethyl sulfoxide, DMSO) . i f& 4
Pi . STHTEEGEE CIL 24 R), AU AR5 A A
W, —EH . CROBE . W, HEES
Grrat, AR A IR A A,

PR AN I A 2R TR [C T (Listeria monocytogene)
ATCC 19115, HHL- B AU (Pseudomonas aeruginosa)
PAOI(PR B T 48 M K2z Bt 5 TR %) .
BigDye ¥ [ W #5(Thermo Fisher /A ]). SanPrep A+
3 PCR Wy alifeidin & (A TAEM TRAF]).

12 UFERE

1 2% T A 3% Y (Agilent 1260), ODS(Daiso,
Japan), 4= £ F 4k #% W 3 PR { (Bruker Avance 11
400MHz / 600MHz), &/ 3% (Waters Xevo G2Q-
TOF), ZF-C B =AM i A (B3P P o B A A
BN 7], Hf RS SME €23 (BUCHI), Jéf% 75 & I (R-300,
BUCHI), i :{% (Anton Paar MCP5500),,

1.3 SEWHE
13,1 3Rk Ao

g ] 3% 7 B A 45 S 4% B 2 0 TR By R
(potato dextrose agar, PDA): 200g &, 12g 35fiE, 12¢
HIHIE, 10g iR, 1000mL #LEK, Bk 30g; D4
A BN B 7 F (potato dextrose broth, PDB): 200g
+ 5, 12g FHEWE, 10g #EER, 1000mL B4k, IR1LEN
30g; AR KB FREL: 78 500mL A4 A i A KK
100g, ¥#EEh 1g, WAL 3g, 4K 100mL, 121°C KK

30min #5H; RS 355 (lysogeny broth, LB): 5
MR 10g, R ILY) 5g, A ALEN 10g, 1B K
1000mL, pH 7.0,
132 HBHHEZAIER

W EREEFRAE PDB KSR 3h, B B PR REE
28°C, #ig% 1 Jlo MG ALar B BRARIEA T IN T 43r. l
F PCR ¥4 BigDye lllJ¥ )i & (Thermo Fisher /3 H])
HEATY 4G, 51900 1TS1, e B & A A i ik
FVARZR (2SuL)IGffG 2 F PCR 47 34{Urhy 38, 156
FE 98°CH& 4 T A8 2min, K5 #E1T PCR AR, 96°C4%
PR 10s J5 50°CHF2: Ss, feJi 60°CHERE 4min, FEFT
25 MBS, G5RJGTE 4°CHRE TR BEERAS2I
PCR “##IH SanPrep #13 PCR j"*#¥)lifbii &2l
b, JEHEAT R VK BEZ AT B AR T 51 . 15 3 B TR AR T
S $E32  NCBI-BLAST Wb i If48 2R, M IMi#5 21 g ik
W FhE N Aspergillus fumigatus, fiv % N Aspergillus
Sumigatus(FF g5 9-1)0

AL ILB A B B A, fumigatus 9-1 1£ 28°CI¥)
PDA iR J54E5% 7d, Ja i HAERE] 30 4~ 50mL
HEJE M (7% 10mL PDB)F 1~ 3% 3% B rh £7 JK (28°C |
180r-min 47 3% 3d, He/ P23 30 4~ 500mL (4
TR AR 100g KK KEF7 ) 28°Cf i 15 5% 30d.
133 #BE545%

YR A. fumigatus 9-1 47 K BG5S 21 L BEY)
FH BRI, Wl Ve 4 Je >R R R AR 3 Ik, AT
LR O BRI R A1 B EEY) B4g) . LY HfE
BEAE . AR . LH-20(Sephadex LH-20)%E i
L SRR AR AR R A 1—16. BRI
e ML (34) 2k B AE(100~200 H . V sV s
=10:0~9:1, ¢ x==600min, v=30mL-min 'Y/}, YEi Tk
[ 2H 4338 32 TLC(thin layer chromatography)/ii & %
3 NS (Fr.1—Fr.3), Fr.l £ A (40%MeOH/
H,0-100%MeOH/H,0. 5mL-min”", 3min) S52{L5H)
6 (x=16.49min, 3.5mg), 15 (=12.76min, 1.5mg),
16 (%=18.42min, 8.2mg) LI & 5 A~ 4l 4> (Fr.l.1—
Fr.1.5), Fr.1.1. Fr.1.2. Fr.1.4 fl Fr.1.5 £ LH-20 &5
H (MeOH) Ji, %4 HPLC(high performance liquid
chromatography)(5%-100%MeOH/H,O . 2mL-min"") 15
LAY 1 (r=21.42min, 0.8mg) . 4 (fx=15.44min,
6mg) . 5 (xr=14.40min, 2.1mg) . 7 (%=20.02min,
3.7mg) . 11 (=18.42min, 1mg) . 13 (=12.78min,
3.5mg)fll 14 (tz=11.62min, 2.2mg). 414> Fr.1.3 4 LH-
20 Bt A (MeOH) J5, B 2L &Y 2 (z=22.72min,
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49.6mg) M4y Fr.1.3.1, Fr.1.3.1 42 HPLC 45153
&Y 3 (1r=15.85min, 4.2mg), Fr.2 (5.5g) i1t 1R
FH1%(10%MeOH/H,0~100%MeOH/H,0)f3 5] 2 ~4H
43(Fr2.1, Fr2.2), Fr2.1 it LH-20 BERcHE, /5304
A1 10 (4=13.66min, 7.4mg), Fr.2.2 £t LH-20 SR
F1 HPLC #iifk, 5265 8 (r=19.20min, 4.2mg).
Fr.3 (1.4g)%ad LH-20 #EeAE A HPLC 4385, 15380k &
¥ 12 (t=14.62min, 2.4mg) 1 9 (tz=17.52min, 6.3mg).
1.3.4 HRAMA F ey 2

SIS (E /M 25, 2015)9 )51, 1 S 1E o 1)
96 fLI T 1—10 FI A 50uL i LB Nz 5554, 1141
JIA 100uL $532560E 28 FIXTRE, 12 A SouL $%
FEIAE R BAPEXT R, JEAESE 1 I S0uL Ay — & Wk
AR S, RS A — B 25V AN (dimethyl sulfoxide, DMSO)
VR Smg-mL™ FUEER, TRAT, RO LR B2
55010 5 J5 ¥ ODge=0.35~0.40 1) 20 B B T s ¢
1000 %5 7R FLAF A S0uL (BR56 11 5141, e,
BFAL TR 96 FLARAE 37°CHERE hE5 5% 12h )5, ATHRNL
FOERA WA, MUAAZE BT, | DMSO ft
Hil A% Img-mL™",
1.3.5 RSP AAE ] E
1.3.5.1 DPPH H Hi3&E bR TG J10

S CHK (Chen et al, 2006) FY 5, 1 5eHH —
FE TR BE BURE S o FLUR, FH PR B A A ot T ) AR
N Img-mL™ MEER, 4% AR BRI R — R 5 AR
FEAR I, BOR R BE B9 S W S0ul 1 DPPH H
LI (0. 1mmol- L™, Jo/K AL H))50ul T 96 fL
M, BANRERE 3 ANESR, 25°CHEDE Y 30min,
FHEEFRYAE 517nm A EWOGRE 4, [RIEF A 50pL
FEfCEF SouL DPPH A AW, 1EMFEM S A, H
D 5E RO CREE Aoy FHAERD S0pL HEEACE S0uL A
[ W ERE TR, 1 R 28 v, e in 8 o B N
Ago FHH EEVEATAIE P2, BH M X B $0 30 1 iR
(vitamin C, VC), DPPH H HILERR Xoppu(%)HEA
K()itHH:

Koy = 0= 000,

DPPH —

(M

1.3.52 5K ABTS H LI a9

Z% CHR(Re et al, 19994 772, Feifilid fRms K
YEW(2.45mmol-L ") Fll ABTS #E#(7mmol-L™", Z&18/K
Bedil), w1 1 IR A, S G S
N 16h J5, I ESHEATRORE, (145 734nm A0 Frill ik
JEIE R 0.70, Bl ABTS H LA . I H B F0Ks
DNRE 0 TC R B B ImgemL™" AOREIR, e T AE R R

BB — RPN FIRE SRR . BRI BRI S0uL
Ml ABTS [ LA 50uL T 96 fLARH, AR
FE 3NEE, 25°CHEEN 10min, 734nm 4052 K
JETH Apo [RIBFH] 50uL HEEARAS S0pL ABTS F Hi %k
VTR, VEIREAL S LA, HO 2 T A WO RE(E R 4
FEML SouL FEARER 100l AR RS, 1FE A2 H
4, I E BT RE (N Ao B T4 15
%, BHMEXTIR N VO, ABTS H HIHEEBRZE Xaprs(%) %
N PANA R

A, —(4 -4
MXIOO% )

max

2 R

2.1 KR

&Y 1. HETERHA, 1 CyHN;Os,
ESIMS 502.2 m/z [M + Na]', HLHENAEN [a]2 + 180 (¢
0.1, MeOH), 'H NMR (400 MHz, DMSO-d,) dy 7.37
(1H, d, J= 8.5 Hz, H-16), 6.81 (1H, dd, J= 8.6, 2.1 Hz, H-
17), 6.73 (H, m, H-3), 6.72 (H, s, H-19), 5.56 (1H, d, J =
7.0 Hz, H-21), 5.47 (1H, d, J = 9.6 Hz, H-27), 5.00 (1H, s,
H-20), 4.57 (2H, dd, J = 16.4, 5.8 Hz, H,-26), 4.18 (1H,
dd, J = 11.0, 6.1 Hz, H-6), 3.76 (3H, s, H3-25), 3.60 (1H,
m, H-9a), 3.57 (1H, m, H-19b), 2.26 (1H, m, H-7a), 1.96
(1H, m, H-8a), 1.92 (3H, s, H3-23), 1.76 (1H, m, H-8b),
1.87 (1H, m, H-7b), 1.82 (3H, s, H3-29), 1.68 (3H, s, Hs-
24), 1.64 (3H, s, Hy-27). °C NMR (100 MHz, DMSO-d;)
d¢ 165.9 (C, C-5), 165.3 (C, C-11), 155.6 (C, C-18), 136.9
(C, C-22), 135.2 (CH, C-19), 134.1 (C, C-28), 133 (C, C-
2), 125.2 (CH, C-21), 120.5 (CH, C-27), 120.5 (C, C-15),
118.7 (CH, C-16), 108.8 (CH, C-17), 108 (C, C-14), 93.6
(CH, C-19), 86.8 (C, C-12), 70.5 (CH, C-13), 59.2 (CH, C-
6), 55.4 (CH;, C-25), 46.9 (CH, C-3), 44.8 (CH,, C-9), 41.3
(CH,, C-26), 29.6 (CH,, C-7), 25.7 (CH3, C-24), 25.3 (CHs,
C-30), 21.4 (CH,, C-8), 18.1 (CH;, C-23), 18.0 (CH;, C-29).
DL FAZ GRS AR5 SCHR(Zhou et al, 2021 BdE HA—FL,
R HBALEY) 1 7 4 prenyleyclotryprostatin A,

e BY 2 BwOEmR, 7 F XA CpuHyN;O,,
ESIMS 452.2 m/z [M + Na]', HHEEIE N [0 — 45 (c
0.55, CH,Cl,), 'H NMR (500 MHz, DMSO-dy) dy; 8.98
(1H, br s, H-1), 7.63 (1H, d, J = 8.7 Hz, H-16), 6.88 (1H,
d, J = 2.3 Hz, H-19), 6.62 (1H, dd, J = 8.7, 2.3 Hz, H-
17), 6.21 (1H, s, H-13), 5.37 (1H, dd, J = 8.1, 3.9 Hz, H-
3), 440 (1H, t, J = 7.7 Hz, H-6), 3.74 (3H, s, H;-25),
3.66 (1H, m, H-9a), 3.61 (1H, m, H-9b), 2.52 (1H, m, H-
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7a), 2.07 (1H, m, H-8a), 1.95 (1H, m, H-7b), 1.96 (1H,
m, H-8b), 2.02 (2H, m, H,-21), 1.07 (3H, s, H3-23), 0.98
(3H, s, H3-24). >*C NMR (125 MHz, DMSO-dy) dc 170.6
(C, C-11), 166.4 (C, C-5), 155.2 (C, C-18), 136.8 (C, C-
20), 131.3 (C, C-2), 120.8 (CH, C-16), 120.7 (C, C-15),
108.5 (CH, C-17), 106.6 (C, C-14), 94.8 (CH, C-19),
83.5 (CH, C-12), 68.7 (C, C-22), 67.9 (CH, C-13), 58.7
(CH, C-3), 55.2 (CHs, C-25), 49.4 (CH,, C-9), 47.9 (CH,
C-3), 45.0 (CH,, C-21), 30.3 (CH3, C-24), 28.9 (CH3, C-
23), 28.9 (CH,, C-7), 22.4 (CH,, C-8). UL M A% REBIEHD
53Rk 45, 2019 8dE A — 2, Itk &9
2 %M verruculogen TR-2,

ﬂﬁ%% 3: /%E'f@*ﬁﬂi, ﬁ\?iﬁj‘? Cy3H29N30e,
ESIMS 466.2 m/z [M + Na]', HHENEAE M [o]? + 28.35
(c 0.23, CH;0H), 'H NMR (500 MHz, CD;0D-d,) dy
7.43 (1H, d, J = 8.7 Hz, H-16), 6.92 (1H, d, J = 2.1 Hz,
H-19), 6.73 (1H, dd, J = 8.7, 2.23 Hz, H-17), 4.79 (1H, s,
H-13), 4.29 (1H, dd, J = 11.3, 6.1 Hz, H-6), 3.83 (3H, s,
18-CH;0), 3.80 (3H, s, H-6), 3.74 (1H, m, H-21b), 3.59
(1H, m, H-21a), 3.38 (3H, s, 13-CH;0), 2.43 (1H, m, H-
7a), 2.20 (1H, d, J=6.1 Hz, H-9a), 2.16 (1H, d, J=5.1
Hz, H-9b), 2.08 (1H, m, H-8a), 2.00 (1H, m, H-8b), 1.88
(1H, m, H-7b), 1.44 (3H, m, Hy-24), 1.31 (3H, s, H3-23).
BC NMR (125 MHz, CD;0D-d,) dc 169.2 (C, C-11),
167.9 (C, C-5), 157.8 (C, C-18), 138.3 (C, C-15), 136.4
(C, C-2), 123.8 (C, C-20), 119.5 (CH, C-16), 110.8 (CH,
C-17), 105.2 (C, C-14), 96.2 (CH, C-19), 87.5 (C, C-12),
71.4 (C, C-22), 77.7 (CH, C-13), 60.9 (CH, C-6), 57.5
(CHs, 13-CH;0), 56.2 (CHs, 18-CH;0), 51.0 (CH,, C-
21), 49.0 (CH, C-3), 46.6 (CH,, C-9), 31.6 (CH3, C-23),
31.1 (CH,, C-7), 29.3 (CH,, C-24), 22.8 (CH,, C-8). LA
R REBAE AR S SCHk (He et al, 2012)%5# 3 A —2,
MHAL G W) 3 %E M cyclotryprostatin E.

ﬂﬁ%% 4: /%i'%féﬁi, ﬁ\?iﬁj‘? Cy3H7N50:s,
ESIMS 4482 m/z [M + Na] ", HHEEAE F [o]? + 95.7
(c 0.36, CHCLy), 'H NMR (500 MHz, CD;0D-d,) dy
7.45 (1H, d, J = 8.6 Hz, H-16), 6.92 (1H, d, J = 2.2 Hz,
H-19), 6.74 (1H, dd, J = 8.8, 2.3 Hz, H-17), 6.52 (1H, d,
J=9.9 Hz, H-3), 5.51 (1H, dm, J = 9.9 Hz, H-21), 4.84
(1H, s, H-13), 4.61 (1H, br s, 12-OH), 4.28 (1H, dd, J =
11.3, 6.3 Hz, H-6), 3.81 (3H, s, 18-OCH,), 3.75 (1H, m,
H-9a), 3.56 (1H, m, H-9b), 3.39 (3H, s, 13-OCHj,), 2.49
(2H, m, H,-7a), 2.10 (2H, m, H,-8b), 2.04 (3H, s, H;-24),
1.99 (2H, m, H,-7b), 1.99 (2H, m, H,-8a), 1.78 (3H, s,

H;-23). *C NMR (125 MHz, CD;0D-d,) dc 168.6 (C, C-
5), 167.9 (C, C-11), 157.8 (C, C-18), 138.9 (C, C-22),
138.4 (C, C-20), 135.1 (C, C-2), 125.4 (CH, C-21), 123.9
(C, C-15), 119.4 (CH, C-16), 110.7 (CH, C-17), 105.4
(C, C-14), 96.2 (CH, C-19), 87.4 (C, C-12), 77.5 (CH, C-
13), 60.8 (CH, C-6), 57.4 (CHj, 13-OCHj3), 56.2 (CHs,
18-OCHs3), 50.7 (CH, C-3), 46.6 (CH,, C-9), 31 (CH,, C-
7), 26.4 (CHs, C-23), 22.8 (CH,, C-8), 18.5 (CH;, C-24).
DL R 1 -5 SCHR(Cui et al, 1997)8di A —2L,
H BB &9 4 524 cyclotryprostatin B,

ke 5 TR EABK, 27X R
C»7H33N;0, ESIMS 534.2 m/z [M + Nal’, e el
[a]® —45.5 (c 0.2, MeOH) ., 'H NMR (600 MHz,
CD;0D-d,) 8 7.93 (1H, d, J = 8.7 Hz, H-16), 7.42 (1H,
d, J =221 Hz, H-19), 6.87 (1H, dd, J = 8.8, 2.3 Hz, H-
17), 6.41 (1H, s, H-26), 6.36 (1H, t, J = 6.06 Hz, H-3),
5.70 (1H, s, H-13), 4.56 (1H, m, H-6), 3.83 (3H, s, Hs-
30), 3.58 (1H, m, H-9b), 3.57 (1H, m, H-9a), 2.43 (1H,
m, H-7a), 2.17 (3H, s, H3-29), 2.10 (3H, s, H;-28), 2.06
(1H, m, H-7b), 2.06 (1H, m, H-8a), 1.97 (1H, m, H-8b),
1.85 (1H, m, H-21a), 1.70 (1H, m, H-21b), 1.13 (3H, s,
H;-23), 1.11 (3H, s, H;-24). *C NMR (150 MHz,
CD;0D-d,) dc 173.3 (C, C-11), 168.2 (C, C-5), 167.8 (C,
C-25), 159.1 (C, C-27), 158.9 (C, C-18), 138.7 (C, C-
20), 134.1 (C, C-2), 123.7 (CH, C-16), 123.3 (C, C-15),
121.9 (CH, C-26), 116.9 (C, C-14), 112.5 (CH, C-17),
100.6 (CH, C-19), 85.5 (C, C-12), 71.0 (C, C-22), 69.4
(CH, C-13), 61.0 (CH, C-6), 56.2 (CHs, C-30), 50.5
(CH,, C-21), 46.6 (CH, C-3), 453 (CH,, C-9), 30.3
(CH;, C-23), 30.1 (CHs, C-24), 29.6 (CH,, C-7), 27.4
(CHs, C-28), 24.0 (CH,, C-8), 21.3 (CH;, C-29). LA F#%
TR 5 SCBk (Xie et al, 2015)50E A3k, FRIHK
b5 5 %M asperfumigatin,

ﬂﬁ%% 6: /%i'%féﬁi, ﬁ\?iﬁj‘? Cy,HysN30s,
ESI-MS m/z 4342 [M + Na]", HHEEAE 9 [a]2 + 18.1 (¢
0.3, CHCl3), "H NMR (400 MHz, CDCl3) dy 7.90 (1H,
s, H-1), 7.79 (1H, d, J = 8.7 Hz, H-16), 6.83 (1H, d, J =
0.4 Hz, H-19), 6.80 (1H, dd, J = 8.7, 2.0 Hz, H-17), 5.87
(1H, d, J = 9.7 Hz, H-3), 4.79 (1H, d, J = 9.2 Hz, H-21),
4.42 (1H, dd, J = 8.5, 6.9 Hz, H-6), 4.20 (1H, br dd, J =
11.0, 5.5 Hz, H-12), 3.82 (3H, s, H;-18), 3.64 (1H, m, H-
9a), 3.62 (1H, m, H-9b), 3.50 (1H, dd, J=15.5, 5.5 Hz,
H-13b), 3.10 (1H, dd, J = 15.5, 11.0 Hz, H-13a), 2.08
(1H, m, H-7a), 1.99 (3H, s, H;-23), 1.96 (1H, m, H-7b),
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1.96 (2H, m, H,-8), 1.66 (3H, s, H;-24).">C NMR (100
MHz, CDCLy) 6¢ 171.0 (C, C-11), 166.1 (C, C-5), 156.6
(C, C-18), 137.5 (C, C-20), 134.6 (C, C-22), 130.1 (C, C-
2), 123.9 (CH, C-21), 121.2 (CH, C-15), 120.7 (C, C-16),
109.8 (CH, C-17), 105.3 (C, C-14), 95.0 (CH, C-19),
83.0 (C, C-12), 68.6 (CH, C-13), 58.7 (CH, C-6), 55.7
(CH,, C-18), 50.1 (CH, C-3), 45.3 (CH,, C-9), 29.1
(CH,, C-7), 22.5 (CH,, C-8), 25.7 (CHs, C-23), 183
(CHs, C-24). LA Bt B a5 48 5 SCHik (Zhang et al, 2007)
B A -3, WSy 6 EH 12R, 135-
dihydroxyfumitremorgin C,

&Y 7 EEMRY), 75X CuHysN;O,
ESIMS 450.2 m/z [M + Na]', HHECE N [o] + 147.2
(c 0.1, CHCl;), "H NMR (600 MHz, DMSO-dj) dy 7.54
(1H, d, J = 8.7 Hz, H-4), 7.42 (1H, br s, 9-OH), 6.30
(1H, dd, J = 8.7, 1.9 Hz H-5), 6.07 (1H, d, J=1.9 Hz,
H-7), 5.38 (1H, br s, 8-OH), 4.80 (1H, s, H-18), 4.80
(1H, s, H-19), 4.75 (1H, s, H-8), 4.60 (1H, dd, J = 9.6,
7.6 Hz, H-12), 3.78 (3H, s, 6-OCH3), 3.56 (2H, m, H,-
15), 2.37 (2H, m, H,-13b), 2.06 (2H, m, H,-13a), 2.06
(2H, m, H,-14b), 1.94 (2H, m, H»-14a), 1.63 (3H, s, Hs-
22), 1.38 (3H, s, H3-21)."*C NMR (150 MHz, DMSO-dy)
d¢ 202.2 (C, C-3), 170.0 (C, C-6), 169.3 (C, C-11), 164.9
(C, C-7a), 166.1 (C, C-17), 138.9 (C, C-20), 126.7 (CH,
C-4), 121.1 (CH, C-19), 111 (C, C-3a), 109.5 (CH, C-5),
93.7 (CH, C-7), 86.5 (C, C-9), 76.6 (C, C-2), 72.8 (CH,
C-8), 60.6 (CH, C-12), 56.2 (CHs, 6-OCHj3), 54.7 (CH,
C-18), 45.2 (CH,, C-15), 28.0 (CH,, C-15), 25.8 (CHs,
C-22), 23.0 (CH,, C-14), 18.6 (CHs, C-21), VA FA%HE
BAEHAR S SCHk (Zhang et al, 2019)80E A —2, Hilk
Fitb-E&W) 7 72 spirocyclic diketopiperazine alkaloid,

k&Y 8 IR, T8 CuHyN,0,,
ESIMS 367.2 m/z [M + H]", HHESEE N [a]® — 92.5 (¢
0.20, CHCl3), 'H NMR (600 MHz, CDs0D-d,) 6y 7.07
(1H, d, J = 8.0 Hz, H-14), 6.94 (1H, t, J= 7.3 Hz, H-13),
6.59 (1H, d, J = 7.2 Hz, H-12), 6.14 (1H, dd, J = 17.3,
10.7 Hz, H-22), 5.6 (1H, s, H-9), 5.06 (2H, d, J = 6.6 Hz,
H,-23a), 5.04 (2H, s, H,-23b), 3.21(1H, d, H-10), 2.72
(2H, m, H,-7a), 2.67 (H, m, H-5), 2.65 (2H, m, H,-7b),
2.65 (2H, m, H,-4), 2.30 (3H, s, H5-17), 2.12 (H, m, H-
8), 1.89 (3H, s, H3-25), 1.52 (3H, s, H3-20), 1.51 (3H, s,
H;-21), 1.31 (3H, d, J = 7.3 Hz, H;-18). >C NMR (150
MHz, CD;0D-d,) dc 171.2 (C, C-24), 146.2 (CH, C-22),
137.1 (C, C-2), 133 (C, C-15), 127.9 (C, C-16), 127.6 (C,

C-11), 121.1 (CH, C-13), 111.4 (CH, C-12), 110.1 (CH,,
C-23), 107.7 (CH, C-14), 104.6 (C, C-3), 71.4 (CH, C-9),
61.9 (CH, C-5), 57.5 (CH,, C-7), 42.5 (CHs, C-17), 39.0
(C, C-19), 38.9 (CH, C-10), 33.1 (CH, C-8), 27.4 (CH,,
C-4), 26.7 (CH3, C-21), 26.6 (CH3, C-20), 19.6 (CH3, C-
25), 15.5 (CHs, C-18). LI ¥ mE B4R 5 SCiik (Liu et
al, 2020) B SE A — 2, UL &Y 8 & H
fumigaclavine C,

&YW 9 X EE KR, »FAX R
C1sH2N,0,, ESIMS 299.2 m/z [M + H], HHEGIE K
[a]® — 91.3 (c 0.20, CHCl;), 'H NMR (600 MHz,
CD;0D-d,) 8y 7.21 (1H, d, J = 8.0 Hz, H-14), 7.09 (1H,
dd, J=8.1, 7.5 Hz, H-13), 7.07 (1H, d, J = 1.16 Hz, H-
2), 6.75 (1H, d, J = 7.2 Hz, H-12), 5.77 (1H, br s, H-9),
3.50 (1H, d, J = 12.76 Hz, H-10), 3.43 (2H, dd, J = 20.4,
10.3 Hz, H,-4), 2.75 (2H, br d, J = 11.9 Hz, H,-7a), 2.66
(1H, br d, J = 10.6 Hz, H-5), 2.45 (H, s, H-17), 2.09 (1H,
m, H-8), 1.88 (3H, s, H;-25), 1.97 (2H, br d, J = 11.9 Hz,
H,-7b), 1.43 (3H, d, J = 7.8 Hz, Hs-18). °C NMR (150
MHz, CD;0D-d,) dc 172 (C, C-24), 135.6 (C, C-15),
127.5 (C, C-11), 126.8 (C, C-16), 124.0 (CH, C-13),
120.8 (CH, C-2), 113.8 (CH, C-12), 111 (C, C-3), 107.8
(CH, C-14), 70.1 (CH, C-9), 64.3 (CH, C-5), 58.3 (CH,,
C-7), 42.7 (CHs, C-17), 39.5 (CH, C-10), 33.4 (CH, C-
8), 25.3 (CH,, C-4), 21.1 (C, C-25), 15.8 (CH3, C-18). Lk
R REEYEHD S SCHR (Zhang et al, 202 1) 8GR —3L,
H ik &9 9 N fumigaclavine A,

L&Y 100 LS K, 5 F X8 CpuHgNLO,,
ESIMS 425.1 m/z [M + Na]", LGN [0]? — 70 (c
0.48, MeOH), 'H NMR (600 MHz, DMSO-d;) 6y 8.28
(1H, br s, H-24), 8.18 (1H, br d, J = 7.8 Hz, H-19), 7.86
(1H, td, J = 7.5 Hz, H-21), 7.69 (1H, br d, J = 8.0 Hz, H-
22),7.58 (1H, br t, J = 7.5 Hz, H-20), 7.50 (1H, br d, J =
7.8 Hz, H-8), 7.49 (1H, br d, J = 7.8 Hz, H-5), 7.43 (1H,
td, J=7.9, 1.0 Hz, H-7), 7.25 (1H, td, J = 7.6, 1.0 Hz, H-
6), 6.70 (1H, s, H-25), 5.92 (1H, br s, H-14), 5.60 (1H, s,
H-2), 4.61 (1H, q, J = 6.8 Hz, H-11), 2.93 (1H, t, J =
12.5Hz, H-13b), 2.53 (1H, dd, J = 12.5, 2.5 Hz, H-13a),
1.59 (3H, d, J = 6.8 Hz, H;-12). >C NMR (DMSO-d,
150 MHz) dc 172.5 (C, C-10), 166.2 (C, C-17), 160.5 (C,
C-15), 147.8 (CH, C-24), 147.2 (C, C-23), 139.2 (C, C-
9), 137.2 (C, C-4), 135.2 (CH, C-21), 130.4 (CH, C-7),
127.8 (CH, C-20), 127.7 (CH, C-22), 126.9 (CH, C-19),
126.0 (CH, C-6), 1253 (CH, C-5), 121.6 (C, C-18),
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115.0 (CH, C-8), 83.0 (CH, C-2), 76.8 (C, C-3), 60.0
(CH, C-11), 49.1 (CH, C-14), 38.6 (CH,, C-13), 14.5
(CHs, C-12). DA B HE RS SCHk (Jiao et al, 2006;
T 45, 20240 BdEHA—E, HIEILAY 10 &H
chaetominine .

k&Y 1 AEEE, 5578 CuH N0,
ESIMS 379.1 m/z [M + Na]", GG A [a]? — 258 (c
0.243, EtOAc), 'H NMR (600 MHz, CD;OD-d,) dy
8.23 (1H, dd, J = 8.0, 1.2 Hz, H-10), 8.13 (1H, br s, H-
19), 7.80 (1H, dd, J = 7.7, 1.4 Hz, H-8), 7.70 (1H, d, J =
8.0 Hz, H-7), 7.52 (1H, dt, J = 7.5, 0.9 Hz, H-9), 7.41
(1H, br d, J = 8.0 Hz, H-24), 7.37 (1H, br s, H-2), 7.13
(1H, t, J = 7.7 Hz, H-21), 7.13 (1H, t, J = 7.7 Hz, H-22),
7.01 (1H, t, J = 7.5 Hz, H-23), 5.93 (1H, dd, J= 4.7, 2.7
Hz, H-14), 3.50 (1H, dd, J = 17.3, 2.7 Hz, H-15a), 3.35
(1H, dd, J = 7.2, 4.6 Hz, H-15b), 2.23 (3H, s, H;-16). °C
NMR (150 MHz, CD;0D-d,) dc 172.5 (C, C-1), 162.1
(C, C-12), 155.8 (C, C-4), 148.9 (C, C-6), 137 (C, C-20),
136.2 (CH, C-8), 134.7 (C, C-18), 129.0 (C, C-25), 128.7
(CH, C-9), 127.8 (CH, C-7), 123.9 (CH, C-10), 121.8
(CH, C-22), 121.0 (C, C-11), 119.1 (CH, C-23), 117.5
(CH, C-24), 112.8 (CH, C-21), 107.2 (C, C-17), 56.6
(CH, C-14), 56.4 (C, C-3), 27.2 (CH,, C-15), 18.8 (CH;,
C-16). VI B REAEER S SCHR(Sun et al, 20194543t
A—F, Hib¥b &9 11 A fumiquinazoline J,

fk&W 122 AR EE, 4 FXR
C10H14N,O0s, ESIMS 265.1 m/z [M + Na]', HLHEYGE N
[0]> +78.0 (c 0.61, H,0). 'H NMR (600 MHz, DMSO-
ds) 6y 7.64 (1H, s, H-4), 6.11 (1H, t, J = 6.9 Hz, H-1),
438 (1H, br d, H-3'), 3.89 (1H, br d, H-4"), 3.55 (2H, m,
H,-5"), 2.07 (2H, m, H,-2"), 1.74 (3H, s, H;-5).>C NMR
(150 MHz, DMSO-dj) 6c 165.2 (C, C-2), 151.4 (C, C-1),
137.3 (CH, C-4), 110.6 (C, C-3), 87.7 (CH, C-4"), 84.8
(CH, C-1'), 71.2 (CH,, C-3"), 62.1 (CH,, C-5'), 40.9(CH,,
C-2'), 12.9 (CHs, C-5). Lk b 4% g $ 4 40 5 SC ik B4
(Hannoda et al, 2007)3:AR—2(, HIL¥b &9 12 €N
thymidine,

k&YW 13 B X ERBER, 4 FXH
C31H37NO,o, ESIMS 584.3 m/z [M + H]', WG K
[a]® + 65.8(c 1.0, CHCl}) . 'H NMR (400 MHz,
CD,0D-d,) 8y 9.03 (1H, d, J=1.5 Hz, H-2"), 8.63 (1H,
dd, J=4.7, 1.5 Hz, H-6"), 8.29 (1H, ddd, /= 8.2, 2.0, 1.3
Hz, H-4"), 7.55 (1H, dd, J = 8.3, 5.0 Hz, H-5"), 6.82 (1H,
s, H-5"), 4.99 (1H, dd, J = 6.8, 4.9 Hz, H-1), 4.99 (1H, d,

J=3.67 Hz, H-13), 4.81 (1H, m, H-7), 3.78 (2H, dd, J =
21.5, 12.0 Hz, H,-11), 2.16 (2H, m, H,-3b), 2.13 (3H, s,
7-OCOCHj), 2.06 (3H, s, 1-OCOCH3), 2.03 (3H, s, 11-
OCOCH3), 1.91 (2H, m, H,-2b), 1.86 (2H, m, H,-2a),
1.82 (2H, m, H,-8b), 1.63 (2H, m, H,-8a), 1.75 (3H, s,
Hi-14), 1.62 (1H, m, H-5), 1.49 (3H, s, H5-12), 1.38 (2H,
m, H,-3b), 0.92 (3H, s, Hs-15). °C NMR (CD;OD-d,,
100 MHz) dc 172.6 (C, OCOCHs-11), 172.5 (C,
OCOCH;-7), 172.0 (C, OCOCH;-1), 165.1 (C, C-2",
164.1 (C, C-4"), 158.2 (C, C-6"), 151.9 (CH, C-6"), 147.4
(CH, C-2"), 135 (CH, C-4"), 129.2 (C, C-3"), 125.5 (CH,
C-5"), 104.5 (C, C-3", 101.0 (CH, C-5'), 84.5 (CH, C-6),
79.8 (CH, C-7), 75.3 (CH, C-1), 66.0 (CH,, C-11), 60.3
(CH, C-13), 55.5 (CH, C-5), 46.6 (CH, C-9), 41.7 (C, C-
10), 39.1 (C, C-4), 37.1 (CH,, C-3), 26.1 (CH,, C-8),
23.8 (CH,, C-2), 21.1 (CH;, OCOCH;-7), 21.0 (CHs,
OCOCH;-1), 20.7 (CHs, OCOCH;-11), 17.9 (CH;, C-
12), 16.8 (CHs, C-14), 13.5 (CHs, C-15). UL FAZ%RESIE
#8553k (Zou et al, 2021)EfiFA 2, LI LG
Wy 13 €N pyripyropene A,

&Y 14: HEEAREIR, 7378 CisHigO,,
ESIMS 369.1 m/z [M + Na]'. 'H NMR (600 MHz,
CDCl3) 8y 7.03 (1H, d, J = 2.2 Hz, H-5), 6.63 (1H, d, J =
2.2 Hz, H-3), 6.47 (1H, br s, H-5"), 6.07 (1H, br s, H-3"),
3.69 (3H, s, H3-9), 3.69 (3H, s, H3-8), 3.38 (3H, s, Hy-7",
2.30 (3H, s, H;-8"), 3.71 (3H, s, Hs-3".°C NMR (150
MHz, CDCly) 6¢ 199.6 (C, C-10), 166.3 (C, C-7), 164.5
(C, C-6"), 161.1 (C, C-2'), 157.3 (C, C-2), 156.3 (C, C-4),
148.1 (C, C-4'), 128.6 (C, C-6), 128.4 (C, C-1), 111.4 (C,
C-1'), 111.2 (CH, C-5"), 108.0 (CH, C-5), 103.3 (CH, C-
3), 103.1 (CH, C-3), 56.4 (CHs, C-9), 55.9 (CH,, C-7",
52.4 (CHs, C-8), 22.7 (CHs, C-8'). VI F R RER 5 3
BRELE (Liu et al, 2006)3E4A—5, HILLGY) 14 2
A monomethylsulochrin,

&Y 15 BEHAREILR, 7378 CiHiOs,
ESIMS 285.1 m/z [M + H]'. 'H NMR (400 MHz,
DMSO-dy), oy 1324 (1H, s, 1-OH), 11.25 (1H, s, 6-
OH), 7.43 (1H, d, J= 2.3 Hz, H-4), 7.20 (1H, d, J=2.3
Hz, H-5), 7.12 (1H, d, J= 0.6 Hz, H-2), 6.83 (1H, d, J =
2.16 Hz, H-7), 3.90 (3H, s, 8-OCHs3), 2.39 (3H, s, Hs-11).
BC NMR (100 MHz, DMSO-ds) dc 186.4 (C, C-9),
182.4 (C, C-10), 164.6 (C, C-6), 163.6 (C, C-8), 161.8
(C, C-1), 146.8 (C, C-3), 136.9 (C, C-10a), 132.1 (C, C-
4a), 124.3 (CH, C-2), 119.2 (CH, C-4), 114.5 (C, C-9a),
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112.7 (C, C-8a), 107.1 (CH, C-5), 105.1 (CH, C-7), 56.4
(CHs, 8-OCHj3), 21.5 (CHs, C-11). D) FAZREBIEHS 5 C
fik(Zhao et al, 2018)di A —5, HILHLEY 15
FE M questin,

&Y 16: FETCEEMAE, 571308 C;3HyuOs,
ESI-MS m/z 591.3 [M + Na]', LEEEME R[] — 41 (c
0.1, CHCLy), "H NMR (400 MHz, CDCls) &y; 7.31 (1H, d,
J=10.1 Hz, H-1), 6.44 (1H, d, J =14.4 Hz, H-16), 6.01
(1H, d, J = 10.1 Hz, H-2), 5.38 (1H, m, H-25), 5.24 (1H,
brs, H-6), 5.11 (1H, t, J= 7.3 Hz, H-24), 2.93 (1H, m, H-
22b), 2.83 (1H, m, H-22a), 2.77 (1H, dq, J = 12.5, 6.8 Hz,
H-4),2.68 (1H, br d, J=11.0 Hz, H-13), 2.68 (1H, dd, J =
13.0, 2.6 Hz, H-9), 2.57 (1H, m, H-23b), 2.54 (1H, m, H-
5), 2.47 (1H, m, H-12b), 2.42 (1H, m, H-15b), 2.42 (1H,
m, H-23a), 2.20 (1H, d, J = 14.4 Hz, H-15a), 2.12 (3H, s,
H;-6-OCOCH;3), 1.95 (3H, s, H3-16-OCOCHj3), 1.87 (1H,
m, H-11b), 1.85 (1H, m, H-12a), 1.70 (3H, s, Hy-27), 1.62
(3H, s, H3-26), 1.55 (1H, m, H-11a), 1.45 (3H, s, Hs-19),
1.29 3H, d, J = 6.9 Hz, H;-28), 1.19 (3H, s, H;-18), 0.93
(3H, s, H3-29). *C NMR (100 MHz, CDCl;) ¢ 208.7 (C,
C-8), 201.3 (C, C-3), 173.9 (C, C-21), 170.1 (C, 16-
OCOCH,), 168.9 (C, 6-OCOCH3), 157.2 (CH, C-1), 147.8
(C, C-17), 132.9 (C, C-25), 130.3 (C, C-20), 127.8 (CH,
C-2), 122.7 (CH, C-24), 73.8 (CH, C-6), 73.4 (CH, C-16),
52.6 (C, C-8), 46.6 (C, C-14), 49.4 (CH, C-13), 47.2 (CH,

C-5), 41.7 (CH, C-9), 40.6 (CH,, C-15), 40.4 (CH, C-4),
38.1 (CH, C-10), 28.6 (CH,, C-22), 28.3 (CH,, C-23), 27.5
(CHs, C-19), 25.9 (CH, C-12), 25.7 (CHs, C-27), 23.9
(CH,, C-11), 20.7 (CHs, 6-OCOCH3), 20.5 (CH,, 16-
OCOCH3), 18.3 (CHs, C-26), 17.9 (CHs, C-18), 17.7
(CH;, C-29), 13.1 (CHs, C-28). VI FAXRER RS S SCiik
(Sawadsitang et al, 20155 AR—2k, HILKLAH
16 %M helvolic acid,
22 EUMMEEE

A E TIE WX L. monocytogenes 1 P.
aeruginosa W PLH AR . 5L, BHMEZXT L
monocytogene B Fx /)N 1 B ¥ & (minimum  inhibitory
concentration, MIC) &y 0.78ug-mL"", B L& W HRCR
HHXT . HAW 16 XF L. monocytogenes HAEIRAY
LR YE, MIC 4 4.03ugmL ™. L&Y 13—15 %) L.
monocytogenes H-A W AFPLT IE M, MIC h 435l Ry
66.25. 78.63. 64.54pg-mL™', AERRILS YR P,
aeruginosa ¥ TCANHIHCR
23 WEMBEHEBREG

ARICRHTT DPPH A AL BRAE S AT ABTS H
TG BRAE ST T A P BT E A A TIN, VC
YERBAPEXT IR (& 2), 455KV, a6 HABRAY
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Fig. 2 Radical scavenging ability (ICsy) of the compounds. (a) DPPH; (b) ABTS
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