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F BT WA B HU0206 HIPT40 3 7E A B

I, BAOML FREL SAE AR GRAEY KY

(1. R AR b, A A AR IR T SR B SR, W0 570228; 2. BB LA Rl bE, TR I 516007)

WHE: NI B2 R N A 8 Aspergillus sp. HU0206 K BEVIIHTAN 20 R Bemth, SR FH (i 7y By AL F R R B o 2945
BT AMEEY,  BRIEERN 6 NFIEEEZRILEY: sydowiol F (1) 5-methoxy-3,5'-dimethyl-2,3'-oxybiphenyl-1,1',2"-triol (2)+
corynesidone A (3). JEFFFLZR (4). 3-HIEEIE R (5). 4- LA EE-3-F2FER® (6)F1 1 AFEEIF 2 — 1A epoxydine A (7),
HAb &1 L E . RN 40 pug I, HhAW 1. 2 M 4 WSRO RE . I FAPR S BB RRE . BIRR
R A 7 A P B R AT, P B 245 =2 mm, /N B (MIC) N 50 8% 100 pg/mL; AW 3 XX 4 FI B B 1~2 mm
RAEE R, {2 MIC KT 400 pg/mL. FrAG A S H00 K IAT B8 JE A s 1k .

KA WAEMNE: AR R, RSO Branm s

doi: 10.11926/jtsb.4646

Antibacterial Metabolites of Endophytic Aspergillus sp. HU0206 Isolated
from Spinifex littoreus

WANG Rui!, CHEN Shaowei?, YU Yanyan', LI Chunxia', YAO Songjin?, XU Liangxiong>*, TAO Jun'*

(1. School of Tropical Crops, Hainan University, Key Laboratory of Sustainable Utilization of Tropical Biological Resources of Hainan Province, Haikou

570228, China; 2. School of Life Sciences, Huizhou University, Huizhou 516007, Guangdong, China)

Abstract: In order to explore the antibacterial metabolites of endophytic Aspergillus sp. HU0206, seven
compounds were obtained from the corn fermentation of endophytic Aspergillus sp. HU0206 isolated from
Spinifex littoreus using chromatographic separation method. On the basis of spectral data, they were identified as
six methylphenol derivatives, such as sydowiol F (1), 5-methoxy-3,5'-dimethyl-2,3"-oxybiphenyl-1,1',2'-triol (2),
corynesidone A (3), pyrolin (4), 3-hydroxylpyrolin (5), 4-ethoxy-3-hydroxymethylphenol (6), and a methylcy-
clohexanone, epoxydine A (7). Compound 1 was a new compound. At the dose of 40 ug, compounds 1, 2 and 4
showed obvious antibacterial effects on Staphylococcus aureus, methicillin-resistant S. aureus, Pectobacterium
atroseptica, and Ralstonia solanacearum with radius of inhibition zone=2 mm, and minimum inhibitory
concentrations (MICs) was 50 or 100 ug/mL. The radius of inhibition zone of compound 3 was 1-2 mm for above
bacteria with MIC higher than 400 ug/mL. However, all compounds did not inhibit the growth of Escherichia coli.
Key words: Endophytic Aspergillus; Metabolite; Methylphenol; Methylcyclohexanone; Antibacterial activity
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LR SR L escihe S S NE= 77 =R 7p e )
BRI, = AR sydowiol C AN A H5 Pt 4 5 (A H
HIERTR , K45 8% 70 KA B (Mycobacterium  tubercu-
losis) WA B LI vE 1,

FEHT NG EGR E , RATRIM—HRERTTA
E M1 85 Aspergillus sp. HU0206 ) 5K & BEYITE b
T9 500 pg WX 4w (8 & BRI M B B8 TR IR
W R A WL AR, R P AR 2 0 D 5.5 A
3mm, FEEEEMHIEENES T, RARA= ML
5 05 1300 L T OK R I B O A AR P 2t AT
Fo HOBEEET 6 MPERmBMLEYM 1 AH
BRI O R AR . AU X A AP RIR . 4
Fo 45 78 A0 o I 1 R AT IR TE

1 AR

L1 AR ES

PR R 25 Aspergillus sp. HU0206 HH
2 B A A R A 2 B A R R 55 4 B B B
A FEYE IR T (Spinifex littoreus)t 5%, IR T H
PN 28 R AR DA 2 200 25 TR M PR s < B 107 4 R
(Staphylococcus aureus) ATCC6538. K[ #F
(Escherichia coli) K12-MG1655 535 H ™ R & T
AR R O AT R A i A AR G
#i] %] BR B (methicillin-resistant S. aureus) 11646 H /™~
I W 5 9 BIF 9 P e 4t s 5 4% 2 SRR T (Pecto-
bacterium atroseptica) STB009. T A7 [ (Ralstonia
solanacearum) STB020 >k H B M 2E B RIR =ML 2

5% E S S 2 I Pl FNE N
X)), i Al (R R, AR (3R 8
), MRERR. BRI S ER(EE IR AR
$), FEFGH(EERE Glpbio)s SYNERGY H1 416
BEEbRY (3 [E BioTek), LC-16P i &0BAH (i1 & LC-
MS-8040 Hi M %5 i it 4% (H A< Shimadzu), Quantum-I
IRREHEAR A (D FHAEE), Bruker maXis i
1 HE AT I () A (8 [ Bruker)o
1.2 BRI B

YT AL 1 B AR # R %2 30 mL PDB #5975, 7E
150 r/min, 28 ‘CRHFHIEFF 3 d, HilfF T
T, WRHC 1 mL #4200 mL PDB R5 973, M H 4%
PEREFR 3 d, AT, REHEERNE 200 K
KB IR R TP (B 500 mL & 60 g 1K A1 60 mL

HokK), 28 ‘CHAMGEREREF 28 do

RIFYVIH 95% LIRS 3 IR, BHR 24 h, WRYE
Bk QI LU BE NG 5, DL S e A OGRS
PU 4 T 008 & BR A TS PE AL (0.0 g), RN
200 pg, 1IBALXT 4 €0 2 2R B (A B BB A
4 mm. ZIALHAT IEARERAE(100~200 H, 5%
ik B, S k- FEE[100:0~50:50, V/V (T [A)]
BEEEVERE . &2/ Fr.1~Fr.12. Fr4 (15.8 )&
HE B A (Sephadex LH-20, Amersham Biosciences)
i, FEERERLAR R Fr4-1~Fr4-12. H Fr4-6
2 Crg- OMTERKE(75 um, HAE LREA )i
aifk, DLHEE-7K(10:90), HEhifsE49 7 (6.50 g);
Fr.4-7 (99.7 mg)%4 HPLC 4ii1k(Cis #E, 5 um, 10 mmx
250 mm, Shimadzu), LA FE-7K (20:80) % it 1546 &4
6 (1r=37.5 min, 3.9 mg); Fr.4-12 (105.7 mg)% HPLC
aifl, CLHEE-K(55:45) 5l a4) S (/=11.5 min,
4.0 mg). Vil Fr.6 (2.0 @)% Cis- A EERAE (i, H
fig-7K (10:90~100:0) 15 B Je i /5 Fr.6-1~Fr.6-12, 3
o Fr.6-4 (62.3 mg)4: HPLC 4ift, LLEEE-7K(10:90)
Ve tb &9 4 (1r=7.4 min, 4.0 mg); Wit Fr6-11
(445.7 mg)4& HPLC 4fifk,, LIHEE-/K(55:45)%: 543
A& 2 (1r=13.0 min, 67.0 mg). 1 (r=32.5 min,
5.0 mg)f1 3 (r=17.5 min, 11.0 mg) (K 1),

1.3 P4 MR

K FHIEACR B e S BB 2 A A4 140 4 [
Jetz, BRIEACH RN 40 ug, WEATIAK. BREREE
B 2 MR IR T3+ B 2N PH T B (BRE 2 20 pg),
WIS 3 ANEE, GRICFE. HRHMERR
LT 2 VE AL A P B MR FE(MIC) o
1.4 g%

AW ERIEEN K, ARYE HR-ESI-MS m/z:
411.1451 [M — H] (Cx3H207, HISMEHA 411.1449)
e 7> 73N C23H2407. 'H NMR (400 MHz,
CD;0D): ¢ 6.46 (1H, d, J= 1.2 Hz, H-6), 6.39 (1H, d,
J=2.8Hz, H-5"), 6.37 (1H, d, J = 2.8 Hz, H-3'), 6.29
(1H, d, J = 2.8 Hz, H-3"), 6.28 (1H, d, J = 2.8 Hz, H-
5), 5.82 (1H, d, J= 1.2 Hz, H-4), 3.77 (3H, s, 4-OCHj3),
3.63 (3H, s, 2"-OCHj3), 2.26 (3H, s, H-7"), 2.16 (3H, s,
H-7), 1.81 (3H, s, H-7"); 3C NMR (100 MHz, CD;0D):
5 158.7 (C-4"), 151.4 (C-2'), 153.9 (C-2"), 152.3 (C-1),
152.0 (C-3), 148.2 (C-4"), 139.7 (C-1"), 136.5 (C-5),
134.9 (C-1"), 133.9 (C-6'), 130.8 (C-2), 126.9 (C-6"),
111.3 (C-6), 110.2 (C-5"), 107.7 (C-5), 106.4 (C-4),
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B 1 a9 1~7 g5

Fig. 1 Structures of compounds 1-7

101.3 (C-3'), 100.8 (C-3"), 56.0 (4-OCHj3), 55.8 (4'-
OCH3), 21.6 (C-7), 16.4 (C-7"), 16.3 (C-7").

'HNMR # 27~ 6 N RIR AL S 5T [0n 5.82
(1H, d, J = 1.2 Hz, H-4), 6.46 (1H, d, J = 1.2 Hz, H-6);
6.37 (1H, d, J=2.8 Hz, H-3'), 6.28 (1H, d, /= 2.8 Hz,
H-5"); 6.29 (1H, d, J= 2.8 Hz, H-3"), 6.39 (1H, d, J =
2.8 Hz, H-5")], 2 MHEEERTF[on 3.77 (3H, s, 4'-
OCHs), 3.63 (3H, s, 2"-OCH3)] 1 3 AN Hfulg FHJL i 1
[on 2.16 (3H, s, H-7), 1.81 (3H, s, H-7'), 2.26 (3H, s,
H-7"1E 5. BCNMR 4 HSQC HJE )5 &os 23 4
A5, Ho 18 NHF K12 AN AZERR) 2 AN
FEH (6 56.1, 55.8)F1 3 NH B HK(5 21.6, 16.4, 16.3)fF
T FREEIRRZAEYH 3 AR uA
o i8I HMBC 15 (B 2)%F 3 AN B 2Ry 516 NMR
HARAT IR 8, 2R R A H PR 5.0 A f B 1
NMR 155, JLH: 1°C NMR i 5 5-methoxy-3,5'-dime-
thyl-2,3'-oxybiphenyl-1,1",2"-triol (2)[7AHi. 17 FH 2
Wy B G C H i) Hy-7"R1 C-4"/5"/6"#H % (H-3"/5"
I C-1"MHIK. FHEEER (0 3.63)5 C-2" (6 153.9)
AHIC, H I NMR %4 5 SCERIRIE 1) 1-methoxy-3,5'-
dimethyl-2,3"-oxybiphenyl-5,1",2"-triol® /1 X & #. 5¢
(R3EA—FL, 1% A oo C KBS LS
G B AHIE], (HREIELE C-27 1, BRI 2k
Ay = ZRAR (& 2), fim44 N sydowiol Fo

e 2 EEEAMEE, HR-ESI-MS m/z:
275.0929 [M — H] = 'H NMR (400 MHz, CD;0D): §
6.30 (1H, d, J= 1.2 Hz, H-4), 6.38 (1H, d, J= 2.8 Hz,
H-6"), 6.33 (1H, d, J = 2.8 Hz, H-4"), 5.76 (1H, d, J =
1.2 Hz, H-6), 3.77 (3H, s, 4-OCH3); *C NMR (100 MHz,

o)
OH OH HO 1O~y
. 0 OH 3 o
i@( 3 i \(;[
[0 2]
o , SO\ 4
7
7 OH
NN 3ol A
"
"
N,
REE 0‘1; ; o
OH 7 7

B2 L&Y 1 FREER HMBC (i Sk)AH5%

Fig. 2 Key HMBC (arrows) correlations of compound 1

CD;0OD): § 158.5 (C-4"), 151.7 (C-2), 147.9 (C-3),
147.1 (C-3), 136.0 (C-1"), 133.9 (C-6"), 132.6 (C-2),
129.7 (C-5), 110.8 (C-4), 107.9 (C-5"), 106.6 (C-6),
101.3 (C-3'), 55.8 (4'-OCH3), 21.2 (C-7), 16.4 (C-7")-
PLE#HE 5 SCHR[7]— 3 WS N 5-methoxy-3,5'-
dimethyl-2,3"-oxybiphenyl-1,1',2"-triol .

&3 AMEE, ESIMS: mAz: 271 [M -
H] . 'H NMR (400 MHz, CD;0D): 6 6.57 (1H, d, J =
1.6 Hz, H-6"), 6.54 (1H, d, J= 1.6 Hz, H-2"), 6.46 (1H, d,
J =22 Hz, H-4), 645 (1H, d, J = 2.2 Hz, H-2); BC
NMR (100 MHz, CD30D): ¢ 165.2 (C-3"), 165.0 (C-7"),
163.5 (C-1'), 155.8 (C-3), 146.5 (C-5"), 146.1 (C-1),
143.3 (C-6), 132.5 (C-5), 116.6 (C-4), 114.7 (C-2), 113.4
(C-4", 105.8 (C-2"), 105.7 (C-2), 21.3 (C-6"), 16.0 (C-7)-
DL s 5 SCHR[91— 8k, W E N corynesidone A

WEY4  AEEHIRGS S, ESI-MS m/z: 125
[M + H]", 247 [2M — H] . 'H NMR (400 MHz,
CDs;0OD): 6 6.58 (1H, d, J = 8.6 Hz, H-3), 6.52 (1H, d,
J=2.6 Hz, H-6), 6.45 (1H, dd, J = 8.6, 2.6 Hz, H-2),
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2.12 (3H, s, H-7); '3C NMR (100 MHz, CD;0D): §
151.0 (C-4), 149.3 (C-1), 126.5 (C-2), 118.4 (C-3),
116.3 (C-6), 113.8 (C-5), 16.4 (C-7). LA FHEIE 5T
BRI10~11]—3, e NI

e s  AGEHIRG S, ESI-MS m/z: 139
[M —H] . 'HNMR (400 MHz, CD;0D): 6 6.20 (1H,
d, J=2.4Hz, H-6), 6.16 (1H, d, J= 2.4 Hz, H-2), 2.15
(3H, s, H-7); *C NMR (100 MHz, CD;OD): ¢ 153.1
(C-4), 144.0 (C-6), 134.3 (C-1), 127.2 (C-2), 112.1
(C-3), 102.0 (C-5), 15.3 (C-7). LA E¥¥E 5 CHR[12]
—8, WMEENI-RIER R,

tEM6  ABHAK, ESI-MS m/z: 169 [M +
H]". 'H NMR (400 MHz, CD;0OD): 6 6.73 (1H, d, J =

2.8 Hz, H-6), 6.62 (1H, d, J = 8.6 Hz, H-3), 6.58 (1H,
dd, J = 8.6, 2.8 Hz, H-2), 4.49 (2H, s, H-1"), 3.59 (2H,
q,J=7.2Hz, H-7), 1.23 3H, t, J= 6.8 Hz, H-2"); ’C
NMR (100 MHz, CD;0D): 6 151.1 (C-1), 149.3 (C-4),
126.5 (C-5), 116.8 (C-6), 116.7 (C-3), 116.1 (C-2),
68.9 (C-7), 66.8 (C-1"), 15.4 (C-2"). LA E%dE 5 ik
[13] 8, #HEEN 4-CAFE-3-FRHF IR
wEW 7 LEEMK, el +61.5,
c=1.6 mg/ml, CH;0H), ESI-MS m/z: 469 [2M + H]",

1 ALE 1~4 IS BUE

Table 1 Antibacterial activity of compounds 1-4

233 [M — H] - 'H NMR (400 MHz, CD;0D): § 6.96
(1H, dd, J = 4.6, 9.9 Hz, H-3), 6.96 (1H, dd, J = 4.6,
9.9 Hz, H-3"), 5.92 (1H, d, J = 10.1 Hz, H-2), 5.89 (1H,
d, J=10.1 Hz, H-2"), 448 (1H, dd, J = 4.6, 9.4 Hz,
H-4"), 4.47 (1H, dd, J = 4.6, 9.4 Hz, H-4), 2.72~2.76
(2H, m, H-6), 2.72-2.76 (2H, m, H-6"), 2.04~2.12 (2H,
m, H-5), 2.04~2.12 (2H, m, H-5"), 1.16 (3H, d, J =
7.2 Hz, H-7"), 1.14 (3H, d, J= 7.2 Hz, H-7); *C NMR
(100 MHz, CD;OD): 6 204.3 (C-1), 203.5 (C-1"),
155.9 (C-3"), 151.6 (C-3), 129.1 (C-2), 128.9 (C-2"),
67.9 (C-4'), 63.7 (C-4), 42.4 (C-5"), 39.6 (C-5), 41.2
(C-6"), 39.1 (C-6), 15.6 (C-7), 15.2 (C-7"). LA %
5CHR[14] 8, W€ N epoxydine A
1.5 JLAIHTE

& 1~6 PTEIENNREK B, FAEEN 40 ug
IS BT A Pt R i A B A S s W 1) 471 T
MALE W 1~4 53 500 73 41 4 BRI B A R 2 A
TS AN . R RE AL, RRY, E
V1. 2 F1 4 e AR A RRE . R AR
08 & BRI . RSP TR AN T AL R B B RO AR
I, MIC A 50 8% 100 ug/mL, TiALEY) 3 f1 MIC>
400 ug/mL (K 1),

e SO R T F S0 G AR < £ 2 TR PR TR
Com]calound Staphylococcus aureus Methicillin-resistant S. aureus Pectobacterium atroseptic Ralstonia solanacearum
A (mm) B (ug/mL) A (mm) B (ug/mL) A (mm) B (ug/mL) A (mm) B (ug/mL)

1 1 100 1 50 1 100 1 100
2 3.5 50 3 50 2 50 2 50

3 1 >400 1 >400 2 >400 1 >400
4 5 50 5 50 4 100 5.5 100
Vancomycin 5 3.12 55 3.12 5 12.5 6 0.78
Methicillin 11 1.56 0.5 >200 35 50 13 0.39
Streptomycin 6 12.5 0 >200 6 12.5 35 12.5

A: ST AR B: SR/ NMWHIREE .

A: Radius of inhibition zone; B: Minimum inhibitory concentration (MIC).
+ S
2 RN R

i JE T SRR £ B (NRPK Ss) AT (AL AR 55 340
Y, WEGR SN 1 2T O A F1 3
TN IR A, 2956 UK. Wi, K
FR S RN AE BT FR BRI R R i —— & g™, i
KERAEY) 1~6 N2 B CIREMR . FRIEAFIRK

P ST IIRTEY), (B FRTE R — R EEY R T
TREART M-S ELIE Tl — 5244 epoxydine A.
5 Liu SFUOMRIE, A B B 28K 55 (Trichoderma
virens)"F /K ERISAIY) Salicylaldehydes 7E#% 7 2 ik
HERE Virl FALKEE S, i VieH AT
AR A B, f e B A Vil A VirL 34 U
AN EE, RIFEIA CBERIR ) trichoxide. X i
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F HU0206 AR =4y (1) H 30 LR 8470 5 nT g
TE I B A O AR AR R TR B R BRI R A
WG, kSR AEMR =4 .

TEMEMNRER I, A 1. 2 R 4 6 2RI
AR BE TGP, T RTE S KA, DL
HEthEWX A S MR B R TR B 5 14
PUIEME . Ut BH IR F S 2R 24k S x4 1 B
YRR, R AR AR B R A
VI A s B A R S

AHIEFE AR N A #H B HU0206 KRB 15 3
1 ANB B 2R I 28 = R A, LA 6 AN AN FE AR
T R F R IR UG &, FEX AR IR R AT
WG PEREAT T W FORIERTS , W20 I B T 1% 6 K )
PPTE Y BER, FE T MR AR )
I Z RN, WA A B 1) A il S s Pt 7 B
H—ERNZHEME.
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