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Study on the secondary metabolites of endophytic fungus Aspergillus sp. from
Aspongopus chinensis and their antimicrobial activity
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Abstract : The metabolites of an endophytic Aspergillus sp. from the intestine of Aspongopus chinensis were studied in tihis pa-
per. Six compounds were isolated from rice solid fermentation extract by silica gel column chromatography, MCI column chro-
matography, gel column chromatography and semi preparative liquid method. The structures of the six compounds were ana-
lyzed by NMR and mass spectrometry, including a new compound flavion (1) and five known compounds citreovirenone (2) ,
kojic acid (3) ,methyl chloroacetate (4) ,aspulvinone P (5) and aspulvinone Q (6). Compounds 1 and 2 were isolated from

Aspergillus for the first time. Compounds 3 and 4 exhibited weak antimicrobial effects with MIC values ranging from 35.5 to

67.5 pg/mL.
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FEREBOLE RO P FERT R, WL 18 73 B A 51—
PRITEE T, IR I ROK A5 I Bt AT KA A 19
XA AR W BT 73 B 2l AL PN 5 A0 M5, O
WHTHETEE , DU BT TG P R A i1, F
B BN AR R A i P AE TS PE T

1 ARSI

1.1 ##

JiE i Agilent 6520B Q-TOF i {5 ( 5% [+
LHEARA AR A IR A s B HERUE H1 Bruker AVIII-
500 K AVITI-600 4% fif 3 PR AL (A1 & e A A A PR
F) W5 ("H NMR ;500 MHz #1600 MHz;" C NMR:
125 MHz 1 150 MHz) , 1k TMS #E S P 5 5 43 97 78
HPLC & Waters 1525 # ( Symmetry-C,, 150 mm x
4.6 mm,5 pm, i 1. 0 mL/min) 2] £ % HPLC
N Waters 1525 #4 ( Zorbax SB-C,, 250 mm x 9. 4
mm,5 pm, JFLiE 4. 0 mL/min, 3¢ B R FF AR A R
NTD) s BERR A (i b AR 22 7)) 5 v TR KR B
(L9 i Z AL AR AT BR A 7] ) 5 QYC-200 B4 R (L iff
FRIGA AR AT PR W) ) 5 IR AHAE (3335 ik JKE (200 ~ 300
H 7 8L T ) 5 Sephadex LH-20 B i FE IR
(Fit i Pharmacia 23] ) s MCIAE (3 HOR ( H A =22

N B ATEG B R A A Al CR s TR Ak T
MR s F R R (Rl oA AR A BRA FD) |
IR R R (I R EREARA A s FNEE
PR 77 B0 T % T 2 1 AR B 7 B (e st R
BAYFEARARAF)
1.2 WHHE
1.2.1 HM55H

FHPE LA HO HUE s AT U 2,
ANHL S HAFPWIE . P LR R AT T D%
AR E R RS SR AL (PDA) |, it 7y B 5 203 ih %
o 78 PDA AR b %R N AR B OB AR s, £
T R A1, W e N AT S fR A i AR
FE AL (UL 1), ARk DL I 250 B 3R AR 40 2
SEE R R FURM . 18S xDNA I ITS J7571) 45 3¢
b AR T AT PR A 58 A, F ] PCR S50 AR 974 H:
18S rDNA 1 ITS F&4 J5 #EA7I 77 , & PR3 18S rDNA
JFHI A ITS J¥ 515 Aspergillus flavipes ( Genbank ac-
cession No. KT809365)100% #H{LL , % & N & As-
pergillus sp. o FEFPMRAETHEEMRER 7B A Y BoR 5286
E (795 R Aspergillus sp. AJXC5-7)

1 Aspergillus sp. BIF27S (A) F0 BHUS1AE (B, 10 x40)
Fig. 1 Morphological (A) and microscopic (B,10 x40) characteristics of Aspergillus sp.

1.2.2 &8 RBRE55 5

K h 22 RN TE PDA PR TR AL, W6 Ak FL R
FATT U0 B £ 22 o T D 4% T8 4 70 W AR 5 97
(PDB) #:rr  4F 28 “C 1 140 v/min 3555 5 KIG/EN
W, B 500 mL HEIEHH 20 4>, B A 80 g K
KA 120 mL ZEIB K, T 115 °C K5 30 min /E K [
R TSR, TERY &, R B R ER R A
10 mL B, 75 28 C 5518 T i LR R 30 K

[ A ) ] TR TR BRI 3 U, U8 vk 4 3
1R (40.3 g) o B LURERAE 43 B, 430 FH A i

fik- MR CTRGE (200 1-1:3) , G500 K 8 B (A
~H) ., ¥ E-H B4 I b MCIL A, DL EE-K (10%
—100% ) Gellt & 1 6 Br (M1 ~M6) , M3 Btid it
EERCAT (3 A i B W AH (45% HBE +0. 1% HiR)
HE— 2B BRI A 1(8. 3 mg, 4 98.8% , 1,
= 19.5 min) 2 (12.5 mg, 4iJFF 99.0% ,1, = 28.8
min) .4 (28.5 mg, 4l 95.7% ,t;, = 42.8 min) .5
(20.4 mg, 46 97.4% ,t, = 30.7 min) F1 6 (15.3
mg, 4 F 91.4% ,t;, = 34.7 min) , M1 B3l o BE B
5 245 R 85 3 (265.3 mg, 4 i
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97.9% ),
1.2.3 #H %%

PO S 56 Fr 1T T 40 T 4 B0 6 4 K R
( Staphylococcus aureus ATCC 25923) , A 7 2 {0 4T #
( Bacillus subtilis ATCC 6633 ) F1 KM 5 ( Escherich-
la coli ATCC 25922) , Jir Fl 4 B 7E 2 IR B 25 1 R 3%
FrHPA | 37 CIlAk 24 h, PRIBOATVE A MH B 5%
& (Mueller-Hinton Broth) #, ZE V53¢ 6 h, I B A
WE1.0x10" ~1.0 x10° CFU/mL £ FREE &
FHZ WL R ( DMSO ) %5 ik, I MH 55 5% W0 el
200.0.,100. 0.,50.0.25.0.,12. 5 pg/mL A8 FF VA K .
S HANA 200 wbL MH 55373, FHPELLINA 100 pL
PRPEZ5 7 WFN 100 wL B B, T4 A 100 L
FFIU AL & VR 100 WL B S , 2B K4 A 100
pL MH F5FRF1 100 WL W B . 37 CHRMAFT R
24 h J5, FIEEAR G E 530 nm iy OD fH, & —24H
WE 3 P47, MIC (Fe/IMITE VR ) B8 # i 0D
B NP 259k i, | Al GraphPad Prism 5 %%
G5+ Hr T8 MIC {51 SD (bR ) 1l
2 HR
2.1 HHMETE

HEW1 [EE A HR-ESI-MS . m/z 257. 078
7 [M +Na] " (caled for C;H,,NaO,,257.078 4) , #
MorFN CH L0, 0 ZIAMETE 3 444 em™ 11 642
em™ S RIZA S WA FR RO

"H NMR 3 iR b &9 2 A 3 A IRIRA(S,
6.19,2H,s;6. 17 ,1H,br t) , —/NEIEIF S (5, 5. 30,
1H,s) 1 MiEEKH (S, 4.54,1H,m) ,2 T H
}(8,3.41,2H,s;2.44 ,1H,dd #12.39,1H,dd) 1 1
AR L (8 1. 43 ,3H,d) o BRIERARA 1 AIRER
(8,159.7%2.139.0.108.7 x2.102. 4) F#l 1 I~ o, B-
AR (S 196.3.179.5.105.0) Bk {55 (W3
). fFai ik &% 1 1 citreovirenone (2) f'H
FIPC NMR # " BB = F d5#dw 2l £
BERPUAARIS F A E ST 1 Pk 1, m H.
1 (4" C NMR %P BT SRR 5 5 (8 159.7
x2,108.7 x2) , UtBAMLA W 1 11 10 F1 12 47 378
BRI, 454 HSQC Hl HMBC 33 & 4 Ho e Al 4
P 7t —2 )@ fgsuE, H-3 5 C-2/C4/C-5 H-
5 5 (C4/C6 H-14 5 C-2/C3 ) HMBC KX [ 2
IESE T WG ER M 47 7E, H-11 5 C9/C-10 H9 5
C-8/C-10 1y HMBC AH A5 5 UESE 71 ] = AR 36

WEE, H7 5 C5/C6/C8/C9 . HS5 5 CT7 19
HMBC AHCAE S BTN PRad o 7 A7 7 HY A %
(WLPE 2 s 3) o i Ef e G2 1 Y45,
W HAn 40 flavipone, i TiZAb WD HE A —4
Tk, HIIEEE A i ( [al) =47.8,MeOH),
5 SCERARGE — RN 2 ALEU B — T HCo ik g
Hfb A W Wi G A [ (S)-citreovirenone, [al) =
-109.5, CHCl, ; ( S)-2, 3-dihydro-2-methyl-4 H-pyran-
4-one, [a]; =-148.2,CHCl;; (S)-2,3-dihydro-2-n-
propyl-4 H-pyran-4-one, [ o]} =-78.24 ,CHCl;(R)-
2, 3-dihydro-2-methyl-4 H-pyran4-one, [a]} = +
187.2, CHCl,; (R)-2, 3-dihydro-2-methyl-6ethyl-4 H-
pyran4-one, [l = + 106.4, EtOH ] # 47 [t
BT hE C2 gAY S, AL B 1 i
N2 5 B I PR AT AR T B R 4 9 1 2
(www. trew. ac. cn) .

#£1 {L&¥1 9 NMR #48 (500 MHz #1125 MHz,CD,0D)

Table 1 NMR spectroscopic data of compound 1

(500 MHz and 125 MHz,CD,0D)

No. 8, (J in Hz) S
2 4.54(m) 77.6(d)
3 2.44(dd,17.0,11.9) 43.1(1)
2.39(dd,17.1,5.4) -
4 - 196.3(s)
5 5.30(s) 105.0(d)
6 - 179.5(s)
7 3.41(s) 42.1(v)
8 - 139.0(s)
9 6.19(s) 108.7(d)
10 - 159.7(s)
11 6.17(br t) 102.4(d)
12 - 159.7(s)
13 6.19(s) 108.7(d)
14 1.43(d,6.4) 20.4(q)

wEWm2 HOEAR;ESI-MS: m/2246.9 [M -
H] , 4 +xXHk C, H, 0,.,'H NMR (500 MHz,
CD,0D)§:6.31 (1H,br t,H-9),6.29 (1H, br t, H-
13),6.27(1H,br t,H-11),5.30 (1H,s,H-5) ,4. 54
(1H,m,H-2),3.73(3H,s,H-15),3.45(2H, s, H-
7),2.43 (1H,dd, J =17.0,11.9 Hz, H-3a),2.39
(1H,dd,J =17.1,5.2 Hz,H-3b) ,1.43(3H,d,J =
6.4 Hz,H-14) ;" C NMR(125 MHz,CD,0D)§:77. 6
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Fig.2  The structures of compounds 1-6
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Fig. 3 The key HMBC correlations of compound 1

(C-2),43.1(C-3),196.2(C4),105.2(C-5),179.3
(C-6),42.1(C-7),139.1(C-8),107.4(C9) ,162.5
(C-10),101.0(C-11),159.8(C-12),109.7(C-13),
20.4(C-14),55.6(C-15) . LI b5 5cmk ™ 4
T FEAR—30, MO L &4 2 4 citreovirenone
a3 HEEAESI-MS: m/z 142.1 [ M +
H] ", 3F= % C,H0,.,"H NMR (600 MHz, DMSO-
dg)8:9.05(1H,s,5-0H) ,8.02 (1H,s, H-6) ,6. 34
(1H,s,H3),5.66 (1H,t,J =0.6 Hz, OH-7),4.29
(2H,d,J =0.6 Hz,H-7);"”C NMR (150 MHz, DM-
S0-d,)8:168.2(C-2),109.9(C-3),174.0(C4),
145.8(C-5),139.3(C-6),59.5(C-7), VA F¥dE 5
SCHR R AR — B MO E A 3 R
wEamwa EERCRY ;ESI-MS :m/z397.2 [M
+H]", 5373k C H, ClO, ,"H NMR (500 MHz,
CDCL,)8:10.93 (1H,s,3'-OH) ,6.82 (1H, br s, H-
3),6.67(1H,br s,H-5),6.56(1H,s, H4") ,3.77
(3H,s,H-7),3.72(3H,s,H-9) ,3.53(3H,s,H9") ,
2.32(3H,s,H-7") ;" C NMR (CDCl,, 125 MHz) §:
139.9(C-1),123.2(C-2),114.5(C-3),151. 1 (C-
4),106.1(C-5),151.0(C-6),56.8(C-7),166.7(C-
8),52.6(C9),159.9(C-1"),105.3(C-2"),154.1
(C-3"),108.5(C4"),144.2(C-5") ,117.6(C-6") ,
21.1(C-7"),170.4 (C-8'),52.4(C9") , L) I %

5 Cmk R A3, B E LS 4 4 methyl
chloroasterrate

wEwms Tk ;ESI-MS . m/z 357.3 [M
+H]", 51k CyH,0,,'H NMR (600 MHz,
CD,0D)§:7.76(2H,d,J =8.7 Hz,H-13 1 H-17),
7.09(2H,s,H-7 fil H-11) ,6.82(2H,d,J =8. 7 Hz,
H-14 1 H-16) ,6.34(1H,s,H-5) ,3. 88 (6H,s,H-18
F1H-19) ;" C NMR (150 MHz, CD,0D)§:171.9( C-
1),101.8(C-2),165.0(C-3),142.9(C4),109.0
(C-5),138.3(C-6),109.2(C-7/C-11) ,149.4( C-8/
C-10),125.6(C-9),122.8(C-12),130.3 ( C-13/C-
17),116.2( C-14/C-16) ,157.9(C-15) ,56.9( C-18/
C-19) o DL F%cds 5 Scmkt ™ i A — 2k, do i
AW 5 SH aspulvinone P,

wEme FpkYy; ESI-MS:m/z 349.3 [M
+Nal]*, 3 F=R N CyH,O0,,'H NMR (600 MHz,
CD,0D)§:7.80(2H,d,J =8.6 Hz,H-13 F1 H-17) ,
7.47(1H,s,H-7),7.18(1H,dd,J =8.3,1.7 Hz, H-
11),6.81(3H,d,J =8.5 Hz,H-11 H-14 1 H-16) ,
6.36(1H,s,H-5),3.90(3H,s,H-18) ;" C NMR (150
MHz,CD,0D) §:172.7 (C-1),100.5(C-2),167.4
(C3),143.5(C4),108.1(C-5),126.9 (C-6),
114.4(C-7),149.2(C-8),148.8(C9),116.5(C-
10),125.9(C-11),123.6 (C-12),129.9 ( C-13/C-
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17),116.1 ( C-14/C-16 ), 157.4 (C-15),56.5 ( C-
18) o DA #die 5 Scmk' ™ il 2 A — B, i e ik
49 6 H aspulvinone Q,
2.2 fEEEN

XA G 1 ~ 6 HEAT T2 22 QM 4
B0 A BR T A R 2 T T R0 2 TG B M vl K

RO PURETE L, S S S EMRE S E
BRI gm0 a1 X3 Bk
PG AL B 5 P (MIC > 100. 0 pg/mL) . L&)
314 LI — 2 BB IS M, MIC {HAE 35.5 %)
67.5 pg/mL 2],

x2 HEW1~6 WER/NMIEIRE
Table 2 The MIC values of 1-6

MIC ( pg/mL)
ﬂﬁ%% TSN TN TP . .
Compound A WO A BRI AR ZE AT KIGHF 1
. aureus B. subtilis E. coli
1 >100. 0 >100. 0 >100.0
2 >100. 0 >100.0 >100.0
3 48.8 £4.5 67.5+3.9 >100. 0
4 35.5+2.4 41.9+£3.6 >100.0
5 >100. 0 >100.0 >100.0
6 >100. 0 >100. 0 >100. 0
HEZ Penicillin 0.5+0.1 0.3+0.1 -
WilRE%E R 2% Streptomycin - - 0.7+0.2

3 #r

ARSI AR e MCT 88 J A 0335 R 2 1 4
AHAF T RS U HOPN A 2 T ) A A = A
OyEsalifl, W2y B8 3] 6 MUY A3 1 ik
BYIAS TR EY, X REEL G Y, 1 R4
2] LAHE— 25 40 73 g L IR I 28\ IR R T
WEESS. fLa 1 A2 D915 WO & i or A5
B, THRBEGY 4 R —ERBUE T, 3C
PR E IR S WA R AT v, e —
S AP SR DRt AT LA X A R
HABFR T 2R AL G WO B alifl, i A Z A
ATEER MBS PMEAFRTT . SCHRIE R (3)
HA RUFRIDTRA S BT e 28 LR W03 1, T AT R AR
KIE GRS i R L R R
JRZ R AE AT A= W ) o, (HR A=A )
AR, 7 A B, 5 3 AT LAGE i R
J B RLER IR 5 A IR DR A S O A
PO 2 A B O A A W AT IR ASZ A
DURS 5 22 1 RIS VAR 9, & 3T &
MEARRFETRREMS%

% 0k
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