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(College of Materials and Energy, South China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] To study the metabolites of a symbiotic fungus Aspergillus clavatus XCE02 from Plutella
xylostella and their antifungal activities against plant pathogens. [ Method] The metabolites were isolated and
purified by column chromatography. Their structures were elucidated by spectral analysis. The antifungal activities
of the metabolites against Colletotrichum musae and Fusarium graminearum were investigated using paper disc-
agar diffusion method. [Result] Ten compounds were isolated and identified as gliomasolide A, Sch725674,
gliomasolide C, clavatustide A, clavatustide B, 20-hydroxyergosta-4, 6, 8(14), 22-tetraen-3-one, xanthine,
ergosterol, ergosterol peroxide and butanedioic acid. At the concentration of 250 pg/mL, gliomasolide A,

Sch725674 and gliomasolide C exhibited high inhibitory activities against C. musae and F. graminearum,
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clavatustide A and clavatustide B showed moderate inhibitory activities against C.musae and F.graminearum and

20-hydroxyergosta-4, 6, 8(14), 22-tetraen-3-one showed moderate inhibitory activity against F.graminearum.

[ Conclusion] Gliomasolide A, gliomasolide C and 20-hydroxyergosta-4, 6, 8(14), 22-tetraen-3-one have been

obtained from the genus Aspergillus in this study. Gliomasolide A, Sch725674 and gliomasolide C can be used as

leading compounds for developing antifungal pesticide.

Key words: insect symbiotic fungus; Aspergillus clavatus; metabolite; antifungal activity; column

chromatography; spectral analysis; paper disc-agar diffusion method
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DNAU", f| rDNA-ITS & 5)@ 519 ITS1(5'-
TCCGTAGGTGAACCTGCGG-3') 5 ITS4(5'-
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BENEY 1~10 475N gliomasolide A.
Sch725674. gliomasolide C. clavatustide A.
clavatustide B, 20— 22 % ff| {§-4,6,8(14),22— Y
53— BN A S I T ARk A AT
TR H b A 1~7 BIBEEREI R

B 1: LR (VR V(=& b=
1:1], #5855 89~91 C; [@]5=+30.5 (¢ 0.15, MeOH),

HRESIMS(m/z): 313.238 4 [M+H]". 'H NMR (600
MHz, CD,0D) 6 6.82 (dd, 15.8, 7.8 Hz, 1H), 5.97 (dd,
15.8, 1.0 Hz, 1H), 4.99 (m, 1H), 4.32 (ddd, 12.0, 7.8,
5.0 Hz, 1H), 3.65 (m, 1H), 1.87 (m, 1H), 1.75 (m, 2H),
1.63 (m, 1H), 1.57 (m, 1H), 1.50 (m, 1H), 1.32~1.43
(m, 13H), 1.23 (m, 2H), 1.14 (m, 1H), 0.90 (t, 7.2 Hz,
3H). "C NMR (150 MHz, CD;COCD;) J 168.0,
151.2,123.3,77.3, 72.7, 70.9, 36.1, 36.0, 34.3, 32.8,
32.4,31.3,29.7,26.4,25.9,24.9,23.6,14.3.

B 2: A [a]3=+25.7 (¢ 0.5, MeOH),
HRESIMS(m/z): 329. 233 0[M+H] . 'H NMR (600
MHz, CD;0D) 6 6.87 (dd, 15.8, 6.0, 1H), 6.08 (dd,
15.8, 1.6, 1H), 4.95 (dddd, 9.8, 7.5, 5.0, 2.2, 1H), 4.49
(ddd, 6.0, 3.0, 1.6, 1H), 3.99 (q, 6.5, 1H), 3.85 (ddd,
6.0,4.7,3.0, 1H), 1.83 (ddd, 14.7, 6.5, 6.0, 1H), 1.71
(m, 1H), 1.65 (m, 1H), 1.61(m, 1H), 1.58 (m, 1H),
1.54 (m, 1H), 1.30~1.45(m, 11H), 1.19 (m, 2H), 1.16
(m, 1H), 0.90 (t, 6.8, 3H). *C NMR (150 MHz,
CD;0D) 6 168.6, 149.5, 123.3, 77.8, 76.1, 72.9, 69.6,
38.4,36.9, 36.6, 34.2, 32.9, 29.7, 27.1, 26.5, 25.9,
23.9, 14.6.

WEY 3: FEFEK. [0]5=—38.0(c 0.15,MeOH),
HRESIMS(m/z): 343.212 4{M—H] . 'H NMR (600
MHz, CD;0D) 6 6.95 (dd, 15.8, 4.8, 1H), 6.18 (dd,
16.0, 1.5, 1H), 5.02 (m, 1H), 4.60 (br. s, 1H), 4.10
(ddd, 7.6, 5.4, 1.5, 1H), 4.00 (dd, 3.5, 3.0, 1H), 3.37
(br's, 1H), 1.77 (m, 1H), 1.68 (m, 1H), 1.61 (m, 1H),
1.55 (m, 1H), 1.33~1.49 (m, 11H), 1.13 (m, 2H), 1.10
(m, 1H), 0.92 (t, 7.2, 3H). *C NMR (150 MHz,
CD,0D) § 168.5, 147.6, 123.3, 77.9, 77.4,73.7, 71.2,
71.3,36.3,34.7,32.9, 32.8, 30.4, 27.8, 26.5, 26.4,
23.7, 14.6.

&Y 4: TEEFER. [0]F=+22.6(c 0.10, MeOH),
ESIMS(m/z): 472.2 [M+H]", HRESIMS 472.187 2 [M +
H]+. 'H NMR (600 MHz, CDCl5) § 10.22 (s, 1H),
8.55 (d, 8.4 Hz, 1H), 8.05 (s, 1H), 7.64 (d, 7.8 Hz,
1H), 7.58 (d, 7.8 Hz, 1H), 7.52 (t, 7.8 Hz, 1H), 7.45 (t,
7.8 Hz, 1H), 7.35~7.38(m, 5H), 7.30(m, 1H), 7.21 (d,
7.8 Hz, 1H), 7.09 (t, 7.8 Hz, 1H), 5.51 (dd, 8.4, 6.6 Hz,
1H), 5.26 (d, 15.0 Hz, 1H), 3.94(m, 1H), 3.43 (dd,
13.8, 8.4 Hz, 1H), 3.29 (d, 1H, 15.0 Hz), 3.27 (m, 1H),
3.25 (m, 1H), 1.02 (t, 7.2 Hz, 3H). “*C NMR (150 MHz,
CDCly) § 169.6, 167.9, 167.4, 167.4, 138.1, 135.7,
134.5,132.6, 132.3, 129.7, 129.8, 128.8, 127.8, 127.4,
126.7, 126.3, 125.9, 123.2, 123.1, 122.0, 71.7, 51.4,
43.4,37.7,13.9.



2 W

TERR, S5 /NS IE L FOE MR B XCEO2 AR M S i 79

&Y 5: 300 € W B 44 . HRESIMS(m/z):
458.172 8 [M+H]". '"H NMR (600 MHz, CDCl;) 6
10.15 (s, 1H), 8.56(s, 1H), 8.50 (d, 8.4 Hz, 1H), 7.64
(d, 7.8 Hz, 1H), 7.56 (d, 7.8 Hz, 1H), 7.44 (t, 7.8 Hz,
1H), 7.41 (t, 7.8 Hz, 1H), 7.32~7.35(m, 5H), 7.31(m,
1H), 7.20 (d, 7.8 Hz, 1H), 7.05 (s, 1H), 5.53 (t, 7.6 Hz,
1H), 5.27 (d, 14.8 Hz, 1H), 3.42 (dd, 13.6, 7.6 Hz,
1H), 3.27 (dd, 13.6, 7.6 Hz, 1H), 3.12 (d, 14.8 Hz,
1H), 3.03 (s, 3H). °C NMR (150 MHz, CDCl;) 6
169.9, 167.6, 167.5, 167.4, 138.2, 135.6, 135.0, 132.8,
132.4,129.9, 129.8, 128.9, 127.5, 127.4, 126.7, 126.6,
126.3, 123.4,123.3,122.1, 71.7, 54.4, 37.4, 35.9.

&Y 6: i RY) . HRESIMS(m/z):
409.309 7 [M+H]'. [a]Z=+115.6(c 0.15, MeOH),'H
NMR (600 MHz, CDCl,) 6.63 (d, 9.5 Hz, 1H), 6.05
(d, 9.5 Hz, 1H), 5.75 (s, 1H), 5.58 (m, 1H), 5.57 (m,
1H), 2.58 (m, 1H), 2.54 (m, 1H), 2.52 (m, 1H), 2.47
(m, 1H), 2.23 (m, 1H), 2.02 (m, 1H), 1.96 (m, 1H),
1.89 (m, 1H), 1.87 (m, 1H), 1.77 (m, 1H), 1.73 (m,
1H), 1.64 (m, 1H), 1.61 (m, 1H), 1.53 (m, 1H), 1.49
(m, 1H), 1.38 (m, 1H), 1.29 (s, 3H), 1.06 (s, 3H), 0.98
(s, 3H), 0.96 (d, 6.8 Hz, 3H), 0.88 (d, 6.8 Hz, 3H),
0.86 (d, 6.8 Hz, 3H). "CNMR (150 MHz, CDCl;) 6
199.7, 164.5, 155.6, 136.7, 133.9, 130.6, 124.8, 124 .4,

123.1, 74.8, 59.1, 44.4, 44.3, 42.7, 36.8, 36.1, 34.3,
R

N

(6]
NH

&1 R =H, R,=H

{&4)4 R=CH,

Compound 1 Compound 4
k452 R =OH, R,=H &5 R=H
Compound 2 Compound 5
1k&43 R,=OH, R,~OH

Compound 3

of *K\@

34.2,33.2,30.7,18.9,24.9,22.5,20.6,20.2, 19.9, 16.8, 17.3.

&Y 7: A A . HRESIMS(m/z): 153.041 6
[M+H] . "H NMR (600 MHz, DMSO-dy) d 13.32 (s,
1H), 11.53 (s, 1H), 10.84 (s, 1H), 7.92 (s, 1H). “C
NMR (150 MHz, DMSO-d;) § 155.5, 151.4, 149.1,
140.6, 106.6.

FHMEE (LED &) LA L FE M (L&
Yoy fiT — R (L& 10) NEHE T H WAL &,
H AW
23 WEMNEREE

144 1°C NMR 6168.0 £ HIAELE 1 ANEE HR
%, 0151.2,123.3 454" HNMR 6 6.82 (dd, 15.8, 7.8 Hz,
1H), 5.97 (dd, 15.8, 1.0 Hz, 1H) MK im 1L A1 # 41
N1 ASFERIE LR ) XU, PC NMR 6 77.3, 72.7,
70.9 £54H NMR 6 4.99, 4.32, 3.65 {5 5 KW 1E
15 3 MEEN—CH B[, $&7R 5k T RIS, 7T Re
H 2 AN#E—CH 3. "H NMR 6 0.90 (t, 7.0,
3H) fid &3 X H S R {5 5 Kk (6 36.3,
32.9,26.4,23.7, 14.6) KL AW 7+ R - AL 5E
REEMI BTG AR S 7 FEmE 313.238 4 [M+H]'H)
AT, AT ZiE & UL B S A
BT 30N CgH3,0,, B 25 3036 A0 1R
FIRE, RS FAALE 1 AR, WA E TR
IR BELE R o 25 BRI SCRR [15] X BRI S Hhie
JEREE, LA 1 %€ N gliomasolide A, 45H4 WL 1.

o H
H. JK/EN’
N
[ »
o)\N N
H

&M
Compound 7

a6
Compound 6

1 &YW 1~7 S F&EH

Fig. 1 Structures of compounds 1-7

&% 2 11°C NMR A1'H NMR A6 &4 1 4k
AL R EA S50EY 1 MHERRE 4. 1
AW 2 [)°C NMR § 77.8, 76.1, 72.9, 69.6 45 &'H
NMR 6 4.95, 4.49, 3.99, 3.85 £ HAG 4 MEAM
—CH, Ltk &1 27 1 4. i LS 2 i
EoRHAN S FREIAAEY 1 £ 16, HILHEN{L
A2 RAED 1 BART | MREMTAEY . B
SCHR [16] X BRI RE R L e S, (e 2 &

SEN Sch725674, 45k WL 1,

&%) 3'"H NMR F1'°C NMR fitb &4 2 M
8L, SR B FAEY) 2 RALRR IR B &
2, EXAET A 3 A 677.9,77.4,73.7,71.2,
71.3 5 NMEAR—CH, k&% 2 2 14, FfL
EY) 3 B EoR A TRV E Y 2 £
16, HULHENALEY) 3 fEALEY) 2 Bafih B2 BT
1 ANFRFE . BB SCHER [15] % IR B0 | bE e
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SR, (LB 3 %58 N gliomasolide C, £544 WL 1.

5% 4 HRESIMS 73 15 115 5 472.187 2
[M + H]+AT 534y 75 Cy7H,sN3 05, AFIE N
17. "C NMR 6 169.6, 167.9, 167.4, 167.4 &7~ 4
BFERR, 16 DAIRX R (6 122.0~138.1) {55, [F A
'HNMR &8 13 MERXEAE S, EHEaME T
KA FHAAAE 1A BRI 2 A Z AR
R IR IX 6 R T S 6 A I AN A SR AL A
V)4 fFAER G5 . 3t — P W %E'H NMR KI5
10.22 (s, 1H), 8.05 (s, IH) H 2 " NH {55, °C
NMR 6 43.4, 13.9 & SR B I R B & 5
LERIRILIE S, B5A 0717 10 1 NEEE S, HEN
a4 2 MBEERHFIR. 1 A 2R E KN R
PAJZ 1A N— R H SR 4 R 1 3 7 T M 2R 90 )t
FE IR S 15 SCHR [17] X6 BRI B L e
2, b B 4 %58 N clavatustide A, 7> T4 WL 1.

&Y 5 °C NMR B b -&4 4 +43 284,
F U B AH [F IR 2R S5 0 . tb&9 5 1'"H NMR
b &%) 4 #HEEZ> T 01.02 (t, 7.2 Hz, 3H) =&
W EAE S, 27 63.03 (s, 3H) AT LGS,
FINAL& Y0 5 B°C NMR etk &4 207 1 4
WX H) 6 43 BT, Bk 7 14, 24T CH, 1
JR B IG . X 2E R B ZH A FAE T A
4 EBEB R LR R TE A S R AR T
SRR 2 A0 o 223 B SCHR [ 17] X RO 0 25cdim  Lh e e
2, b B 5 %58 N clavatustide B, 73 T 45 WA 1.

k&% 6 'H NMR F1°C NMR $#275 H 8 T & iz

%%, 'TH NMR 6 0.96 (d, 6.8 Hz, 3H), 0.88 (d, 6.8 Hz,
3H), 0.86 (d, 6.8 Hz, 3H) /& IEE—CH [ H 2,
1.29 (s, 3H), 1.06 (s, 3H), 0.98 (s, 3H) /& ELE = b
[ H %, "TH NMR 6 6.63 (d, 9.5 Hz, 1H), 6.05 (d, 9.5
Hz, 1H), 5.75 (s, 1H), 5.58 (m, 1H), 5.57 (m, 1H) &%
BC NMR ¢ 164.5, 155.6, 136.7, 133.9, 130.6, 124.8,
124.4,123.1 YA 4 08, PC NMR 6 199.7 f
B RHWAY) 6 715 1A a) p ABAIFREL, 574.8
HIEAIAS 5 (JCX R H NMR 15 5) RHLE
Y6 H 1 NMERHIRE . F IR b SR,
BV H R AN L IR 5 SCHR (18] TR AR — 3 K
G 6 BN 20 HFE M -4, 6, 8(14), 22- 11—
3P, 250 WP 1.

A% 7 "HNMR &8 6 13.32 (s, 1H), 11.53
(s, 1H), 10.84 (s, 1H)3 > NH {55 L J& 7.92 (s,
1H) X8 CH {55, 455 °C NMR 6 155.5, 151.4,
149.1, 140.6, 106.6 K& SR PML-E Y 7 7 e & M5
W 2RAl AW, 2 1% SCHR [19] % B8 ol vt Kb 2%, 1k
BT B E NE R

FHEE (LAY 8) LA M E MR (L
V) 9) T R (L& 10) 145 Rl i 5 SR = AR
T AT LRI 2 E AT R e .
24 UWEYXEYRERNREEM

KRR BRI T 4 & Y A R
L B R /N 2 71 5 TR D 1k o AR SR [12], #0EA
Bl EAN[6, 11).[11, 15) A1 [15, 20) mm 43 | F R
POREAT Yy S SK Y i SR =X N K (5 P S W ST

®1 LEYTEDRREEL"

Table 1 Antifungal activities of compounds against plant pathogens

d(#1% 18 Inhibition zone)/mm

M1k &9 Tested compound

HERIAW Calletotrichum musae

INFZFRBETE Fusarium graminearum

gliomasolide A

Sch725674

gliomasolide C

clavatustide A

clavatustide B

20— A& A 14, 6, 8(14), 22— DU JE-3 -
20-hydroxyergosta-4, 6, 8(14), 22-tetraen-3-one
%1 R Positive control

7= [ % & Negative control

18.19+0.43¢E 15.45+0.41eE

17.18+0.36dD 17.02+0.35¢G
18.18+0.46eE 16.22+0.54fF
13.75+0.42cC 13.46+0.36cC
13.66+0.24cC 14.47+0.27dD

10.54+0.43bB 12.37+0.53bB
26.53+0.20fF 18.57+0.18hH
0aA 0aA

)& P 338 B ALAT IR, RIS RR B FEAFHEE0.05KF£F 2%, REKASE FHEATFAROOIKF£F

3% % (Duncan’ si%)

1)The data in the table are average values + standard errors, and different lowercase letters in the same column indicate significant

differences among groups at 0.05 level, different capital letters in the same column indicate significant differences among groups at

0.01 level (Duncan’ s method)
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TERR, S5 /NS IE L FOE MR B XCEO2 AR M S i 81

FEHRFE N 250 pg/mL I, gliomasolide A Sch725674 Al
gliomasolide C X 75 2 5 JH B Al /N 22 78 55 B 1) S 7
TR EPUEENE, H Sch725674. gliomasolide C X
NIRRT IE S 2 B R #25 ; clavatustide
A, clavatustide B ¥ & 8 5 JH B8 Al /N2 7R 5 T W o
T EEPTE R, 20-F2 5L 22 A1 4, 6, 8(14), 22— DUkE—
3—M % /N2 A B T P EEBUR, X A R R IH AR E L
B o AHAAE Y0 2 PP P8 J5 S B P B PR3 55 T
FH 0T R 22 B R

3 Ziv5vhie

MR B3 bR XCEO02 R B AL 4y B 4 58
i gliomasolide A. gliomasolide C- 20—¥2 %77 f £
—4,6,8(14),22-DUHf—3—H %5 10 R L &4, L5H2ER
BFEA RIS NG FRIRRK. A0k, 15 15 . S840
P HOEPU B IE AL SRR, FEH AN 250 pg/mL
i, &%) gliomasolide A+ Sch725674 F1 gliomasolide
C X & IR H T M/NZ AR 8 W on T YU
P, AN AT R TR R R B S R A A TR B
MEEFER 2 —, " RPE A % U EITE
RN . L4 clavatustide A. clavatustide B Fll
20—F2F £ 15-4,6,8(14),22— U 45— 3~ th ] 7 45
TRAE P AN /INSE AR B R s T P R R B B T
P8 SCHRARE, gliomasolide A A DL A ‘= £ £
I 5E ", Sch725674 X BRI EE BE Saccharomyces
cerevisiae Fl A& Bk Candida albicans BA 74
i35 PN, clavatustide A F1 clavatustide B B A5 #1]
3 Fit AP 44 HepG2. SMMC-7721 Al Bel-
7402 HEFEITEPEN . (HEE DLIX S8 A0 A W0 FE
SR PR SRR S ARGE, A ARG REE TRR
KRR R IRDURE AR 258 AV E .
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