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M4k &4 pestalone W,

TE B 50 W 7 B A2 ) IR AR AR P i ) R e,
AT BT v i A0 B 3 1) ot % R FL R Aspergillus
sp. SCSGAF 0076 5 # fil #F & J& 41 # Bacillus sp.
MNMCCE 001 £ [ 44 3 by 55 77 2 3L 8 77 5 X P RR
WAy ARG IR B e AR I o e BT 8 (I 1), Horp
Bl LA A 1-Cos B A R B <227 5 18 5 03 03
PR g v AN BB M B 1B e R A 7 AT A
FERD FLTE S AR AN B A R AT ORI B AL . X R
1A R 1B, w22 s A 1B o 21 A K AE H
B 32 0y Al A LA WD A 9 R e, L R A G L
55 U I RE IR A A n vl s e EE & 1B A 1-C

e WAL A0 G I A 2 AR T A W 4 B T, B i
o Yt B 2R AR ], AR B 2 A
AORVENZ . W IZILZ, TAVSG W Aspergillus
sp. SCSGAF 0076 5 Bacillus sp. MNMCCE 001 2 [f]
A KR M AR TR IOIZ IS, ARSI
P B AT R 0 G B IR A P AT T T 5T SR B
WEBEE NI EEE T 4 Mea, &
$E U AL A 975 % 1 (penicillic acid) (1) .5 (6) -
dihydropenicillic acid (2) " +9—-hloro-8-hydroxy-8,9-
(3)™ 0wk oa @ %

viopurpurin Hor (4

deoxyasperlactone

1. #AE Bacillus sp. MNMCCE 001 1 E & Aspergillus sp. SCSGAF 0076 By1% 3 150
Figure 1. Coculture and coculture of Aspergillus sp. SCSGAF 0076 and Bacillus sp. MNMCCE 001. A: monoculture of Bacillus sp. MNMCCE 001 ;
B: coculture of Aspergillus sp. SCSGAF 0076 and Bacillus sp. MNMCCE 001; C: monoculture of Aspergillus sp. SCSGAF 0076.

1 BRI 5

1.1 FENEE

JENEA, MCP 300 (2 M2 |]) 25 C Rl & ;
S % L PR 6 3% 1L, Bruker DRX-500 %Y, Py kR K
TMS; ESI-MS Ji i {%, Finnigan LCQDECAXXP
HPLC-MASS; 1E A K JZ #7 £E ik (200 - 300 H) , & &
WG VE PTG e 0 2 TR AR 8 6 T Ak 2 VAT
AT (1445 HSGFR254R) ; 4 & B it X Sephadex
LH20, Amersham Pharmacia; 2> | £ 7 =5 200 A0 €8
% {%, SHIMADZU LC20A (DAD & W %8), YMC-
Pack, ODS (250 mm x 10.0 mm, 5 pm) , Gemini
C18,110A (250 mm x 10. 0 mm,5 wm) ; JiE 5 25 R AL
H A R 5t AL BR324 (EYELANA100V-W #Y) 5
A EE 4 €5 3% 4 (MERCK A #]) «
1.2 U AEK

910 Tt 159 3 Bt 2E EL 1 Aspergillus sp. SCSGAF 0076
JEAR SIS % R ARG I I S0 5% I R A0 A0 3 3

( Melitodessquamata ) F£ 5 7 4% 25 13 2 (4, 40 &
Bacillus sp. MNMCCE 001 [F] ¥ 43 25 B % ¥ & A9 490
W (Melitodessquamata) v, — 2 B ARIEALE B B R} #
Bt I T b L BT SE 56 H 40 B O Bacillus sp.
MNMCCE 001 K% ¥ B (Escherichia coli) Flkk &5 2%
B AT & (Bacillus subtilis) o
1.3 E & Aspergillus sp. SCSGAF 0076 &itE% 5
HIEFHRMEGIE (HPLC) B4 43ttt

2 AR AT G R T A4 o B R B R
Forp 1 AR B % Bl FU R Aspergillus sp. SCSGAF
0076, 53 4 1 H A8 7] I 4% Bl I B Aspergillus sp.
SCSGAF 0076 #1 41 Bacillus sp. MNMCCE 001,
28CHFRM PR 3 K, WM B AL 52 7wl T
A aE » F EV PR A5 30 15 203 8 » ) I A0 R 21 A )
WEE )5 HPLC 73 41, 44> 70 Hr 2 11 O MeOH/H, 0 £
FEVEME:0 =35 min: MeOH/H,0 =5% - 100% ;35 -
45 min: MeOH/H,0 =100% ;45 - 55 min: MeOH/
H,0 =100% -5% ;55 - 60 min: MeOH/H,0 =5% ,
Inertsil ODS-SP, DAD £l 25, ¥iii# A 1 mL/min.
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1.4 EHfRHEFABSRIN

W ¥k Aspergillus sp. SCSGAF 0076 {4 17 75 ik &
AL A e Ry B 2R (R AT RE 1% SR 1% .
KH,PO, 0.01% . MgSO, = 7H,0 0.01% . & 1 W5
0.01% B HE 2% i £k 3% ) b, S /D &2 11 208
TIC E (1 G Ky D] AR S A 1% IR AR B, 28 °C 1R SR A b g
7% WK Bacillus sp. MNMCCE 001 H [5) 45 77 v 3 R
4 LBA Br gk (AN R O WR 1% B REE 0.5% -
WG 2% g Eh 3% ) 1,30 Cigfk. 2 d ks Ak i
) SCSGAF 0076 F1 MNMCCE 001 1% Fi [7] i 2 Filt 75
100 AN e #y 55 77 36 7 AR b kA7 JL 85 9%, 28 C K5 7R 4
s IR 3 d, WS B 40 (0 5 7 W B R TR
SE > T 05 R A A AR B R R R S AR B E
100 mgo
L5 HEMHRRSBHL

W 3L R R H 100 mg i fk e 1IE A AR JZ M, A
M- O (RN 3:1.1: 1) R &
B = (AR R LB AR P 1:0.20: 1555 1.1:1.0: 1) E
MM, TLC R & 3 B4 4y Fro 1Fr. 55 HU1A
WM IB ER B ORAE 50 pg/48 A (6 mm) ¥ I 4L 4y
Fr.1 G % & M H40 B Bacillus sp. MNMCCE 001 f¢)
AR M A 11 mm - 12 mm, 1 28 4 40 6B
PGP o R A L R R AT ARG Fr. 1 3EAT 4
DL 07 I (9: 1) 2y Ji& TF 45 2 A 32 2241 43 Fr.
14 Al Fr. 12, Horh Fro 140 28 2 ) 4% 8 v 250 A
WA (VR BE 770 4 F . — 7K /30:70) 4lifk 45 34k &4 3
(6 mg,t, =16.5 min, YMC-Pack, DAD ¥l #%) , Fr.
12 282 1) 4% 200 gy 2880V AH £ 1 430 (o It 5 O Y B —
K 124:76) a3 #4549 1 (7 mg,t, =21.5 min,
Gemini C18, DAD £l #%) 12 (4 mg,t, =32.5 min,
Gemini C18,DAD Kyl %) ; & 4L (LR 41/ Fr. 4 &)
)% 280 v 20 A A8 (O I 771 Sk R B — /K /68 32) il
%5515 4 (1mg, t, =47.5 min, YMC-Pack,
DAD #50 #) «
1.6 MEXK

FLE P " AT VO L%, F R TE Th 7
BT BT ] A ok s I P AR A5 o R R R I 2 )5
AT KEH Bacillus sp. MNMCCE 001 K i T 5 F1 A
L o 0% S S I | B R 7 SR A T N O P B B S
WAAEYI 6 mm JEAC T (BEASJE 40 71 3 50 pg
Rrill & 1) H BT AR AR b 5 R 2% AR
Pl e CREAN B 2K 7 1480 25 g 5 %R » AR5 TRAE

30CHT FRA TR IR 1| RIG WS S FANTH A 3
AT
1.7 96 FLiREH E & S MIC &

MIC {5 30 52 9 H 2 1 3 498 75 B Bacillus sp.
MNMCCE 001« X Jizg #F B KL 55 28 B AT 187 1) 1 9 A
F 10 7> CFU /mL b v 43 Fh B 90 B 6 05 ok e %, & %
Scik Y R Sz, R N (DMSO) R W A
V5 75 B TR IC ) BOAS [ 1R MR B2 5 43 50l O 2 20. 48.10. 24 .
5.12.2.56.1.28.0.64.0.32 1 0. 16 mg/mL, 75 % &
BH R oF B ok FE 805,122,564 1. 28.0.64.0. 32 Al
0.16 mg/mL, &4~ 96 fLAR /ML A 95 wL $5 7R
PRI P V0 5 P TR W N L (8 x 4) 5 B A O A
ANEL T I ON AN TR OB R R T R R
DMSO. K7 773k 5 wL (2 41°74T) » Hop DMSO Fil ks 7%
FEAE Ky BT R B R LSS .

2 iR

2.1 EMEE

it ITS (internal transcribed spacer, Py % 3% [d]
B X))k B Y B 43 Ars S5 B LB SCSGAF 0076
(KJ564278) 5 Aspergillussp. NRRL 4752 (EF661429)
HIAHALLIE K 99% » T % € Oy Aspergillus sp. o

A 8 H 514 27F (5-GAGTTTGATCCTGGC
TCAG-3") Al 1525R (5-AGAAAGGAGGTGATCCA
GCC37) LA 2 i) sk DNA Ay 450450 oF i 56 HY 40 7 it
Py 4% 16S rRNA St 4 Jy 51, gl 46 I 7 Ja > W AR
MNMCCE 001 (KJ564277) (¥ 16S rRNA J& [ ¥ 4
DNA R K 966 bp, £ Lk 5 3k BT 410 1 [7] 5 7
5 Bacillus sp. B3 (EU281629) J3 41 99% W) 4, i %
%€ A Bacillus sp. »
2.2 ETH Aspergillus sp. SCSGAF 0076 @iigzxF 5
#1555 B9 IR AR & 1% (HPLC) £ 47 35 LL

it HPLC 4> #7 (& 2) KB, EH Aspergillus
sp. SCSGAF 0076 5 4 # Bacillus sp. MNMCCE 001
365 IR AR W PLR A B ) B ALt R
viopurpurin [ UE T AR 35 KT B0 2 BE 77 A A U 1
ETEA
2.3 UEMETE

tE&W 1 AR, ESIMS m/z M +
H]* 171, [2M + H] " 363;'H NMR (500 MHz,
cbcl,) 8,7.87 (1H, s, 4-OH),5.48 (1H, s, H-
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Figure 2. HPLC analysis of monoculture and co—culture. A: monoculture of Aspergillus sp. SCSGAF 0076. B: coculture and coculture of

Aspergillus sp. SCSGAF 0076 and Bacillus sp. MNMCCE 001.

6a) ,5.22 (1H, s, H6b),5.12 (1H, s, H2) ,3.91
(3H, s, H8),1.78 (3H, s, HY) ;" CNMR (125
MHz, CDCL,) &, 179.6 (qC, C3),170.4 (qC, C-
1),139.9 (qC, C5),116.5 (CH,, C6),103.2
(qC, C4),89.4 (CH, C2),59.8 (CH,, C8),
17.4 (CH,, CF) . DL bk £ 5 sCmk ko —
HOT RS E AW R

a2 18 KR f4,"H NMR (500
MHz, DMSO-d,) §,7.41 (1Hs, 4-OH),5.32 (1H,
s, H2),3.85 (3H, s, H8),2.03 (1H, m, HS),
0.95 (3H, d, J=7.0 Hz, H®6),0.79 (3H, d, J=
7.0 Hz, H) ;” CNMR (125 MHz, DMSO-d,) &,
179.7 (qC, C3),169.9 (qC, C4),104.7 (qC, C-
4),89.3 (CH, C2),59.5 (CH,, C8),32.9 (CH,
C5),16.2 (CH,, C6),15.5 (CH,, CF) . UL k¥
W 5 ek 5T R A2 A S
(6) -dihydropenicillic acid.

Wt 3 sk kY laly - 14.6° (c
0.60, MeOD) ; HRESIMS m/z: [M + Nal * 243;'H-
NMR (500 MHz, CD,0D) §,7.55(1H, d, J=1.5
Hz,H-4),5.00 (1H, ddd, J=1.5, 1.5, 4.5 Haz,
H-5),4.59 (1H, dd, J=1.5, 4.5 Hz, H8) ,4.44
(1H, qd, J=6.5, 4.5 Hz,H9) ,4.01 (1H, qd, J

=7.0, 4.5 Hz, H6) ,1.49 (3H, d, J=7.0 Hz, H-
10),1.26 (1H, d, J=6.5 Hz,H) ;"CNMR (125
MHz, CD,0D) §.174.1 (qC, C2),151.8 (CH, C-
4),136.2 (qC, C3),86.9 (CH, C5),71.6 (CH,
C8),68.3 (CH, C6),59.8 (CH, C9),19.6
(CH;, €C40),19.1 (CH,, CT) o LAyl ¥ 5
SCHRHRE — 3™, I %58 & 3y 9-chloro-8—
hydroxy-8,9-deoxyasperlactone .

WA 455 R AR R [ A4, ESIMS m/z M +
H] *545;'H NMR (500 MHz, CDCl,) §,1.54 (6H,
d, ]=6.5 Hz, 8-CH,, 7" CH,) ,3.20 (4H, d,J =
6.0 Hz, 7-CH,, 8’ CH,) ,4.81 (2H, m, 8-H, 7 -
H) &y CH,CH (0) CH,-FE%4;8, 4. 12 (3H, s, 27~
OCH,) WAt H %8, 7.78 (1H, s, H9’),7.84
(IH, s, H6) K 122 A% ;" C NMR (125 MHz,
CDCl,) 8.180.2 (C, €C4),173.2 (C, C4),161.9
(C, ¢5),160.5 (C, C9),160.1 (C, C6"),
158.0(C, €C2),157.7(C, C57),150.3 (C, C-
47),147.5(C, C6a),147.1(C, C47),145.9(C,
C2’),139.0(C, C87a),136.9(C, C9b),134.7
(C, €97 a),126.3 (C, C3),126.1(C, CYa),
121.5(C, C6),116.5(CH, C9’) ,116.5(C, C4’
a),116.1(C, C37),115.2(C, C5"a),114.8 (C,
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C4a),74.5 (CH, C8, CF’),61.9 (CH,, 2"~
OCH,) ,36.4(CH,, C7, C-8a),20.6 (CH,, 8-CH,,
77 -CH,) o BAb i 4 5 ek it — 50
e &% 4 2N viopurpurino
2.4 mEEMNRER

AR HUBNE TR S s AE SO e/ 48 I, 4
&4 1 {1 Bacillus sp. MNMCCE 001« K i 4T B Al
Al B2 AT T 2 R 40 Bl 23 0 Ol 28531 A1 39 mm

(HR5HFHERMME B EE &) ik &y 2 M
3 IR T ORE R B2 SRR B A A 5 S TR A X S Ah 2 Bk
9 T 4 0 W AR T (B 3) Bk X B A R A
25 we/ 48 F i Bacillus sp. MNMCCE 001 K %
FETE AAG 5528 R 9w R S ) Ol 44041 A
51 mm;96 SLBGENNR Sostb &9 1 WiIX 3 BR45
N A K MIC {534 0 256 wg/mL.

3. k&4 1 -3 3 Bacillus sp. MNMCCE 001 X B 4 & #0448 B 2F f 4 & B0 3 &5 15 (R R oE)
Figure 3. Antibacterial activity of compounds 1 -3 against Bacillus sp. MNMCCE 001, Escherichia coli and Bacillus subtilis (by disk

diffusion method) . Compound 1: HSH ; compound 2: HS2; compound 3: HS4.

3 it

AT BB S Y 1.2.4 Mg T H R 5
FoHAARFREMEE. AT HER (1)1
W C bW 2, 5 5 R A OCHA HT 40 B 5T 5
PO BE ~ PUMIRE G P BL W ) 20 8 Bk 156 0 3% 17
HXT 25 b B 40 0 AT 5 T R0 U U R
WS 8% BB B 0. OF B I BUE HED
Frisvad 45 75 2004 S5 X8 H A7 2299305 15 1) JE 50 23 W )
AT R R A 48, Be 9 =L H R #p Cln
P. aurantiogriseum, P.
Jreii, P.
polonicum, P. radicicola, P. wviridicatum %) # 2 A5 $i
A0 T~ PO T PR PR DL R T N S0
PEST o AN, W AL RE U AN 0 4
(QSD) » I WA NATXE 50 Fb 7 25 J& BL 11 2 47 1 & » K
L 66% (1114 Bk 5 7~ £ H A QST g Ik /9 A= AR
Yy T B YD 2 R AR A Dl 35 % R ORN A it
&, LUA B S AT 3 (P. aeruginosa) N #, & 5
e A B M BE FRORE W X A Ak R A (P
aeruginosa) TR 280N 43 1 1K) ik DR AT 40 ),

carneum, P. cyclopium, P.

melanoconidium, P. neoechinulatum, P.

=

il

T BRI R ik 60% 1Y, % R B T A G
055 P sV REAT 48 U A i TG 75 IO AT 2B 22 ) AT B
BN B () 25 . SCHR AR 38 9~chloro-8 -hydroxy-8,
9-deoxyasperlactone (3) 7 100 wg/4% A I Ag 00 46 K
J¥70 T T RO 6 €0 7 4 3R R 2R K CHI BT L 3 i o 10,8
1301 mm) , H 50 g/ 48 P i 00X K KT 18 C 9
SR XS AR ST 4 A B

AR SC o of 10 I 35 3 B A LB Aspergillus sp.
SCSGAF 0076 5 41 B Bacillus sp. MNMCCE 001 Jt
B IR AR 7 ) I 5T> B W)T3 P R R S R
Fr I P 7 AR R U ) R 5 N i 1
AR LER . SRR PR
PRFE eIy, Jorp — Bl AE AR BT 73 4h — DA I iy T2
TP AR AT 53 6 S5 25 1K) 7K AR I » T 20 € 38 B VF il a2 0K
IR B KA ) o SR AT A HIR A 5 ) A
W B R 40 A N fg A BB Aspergillus sp.
SCSGAF 0076 & 3T 4l & Bacillus sp. MNMCCE 001
i /1B Aspergillus sp. SCSGAF 0076 43 Wh 8 £ /K fi#
Vil 100 A5 2 B KA e LG IR AT AAR U )
AT DL e AR ™ W ) 7 B DA A T T
b DA R i v i ™ 7 T 48 AT BT N T S H O AR
VE AL B B 53 » O HL Al A7 A8 AR M DR  7E 25
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Secondary metabolites of the co-culture of Aspergillus sp.
SCSGAF 0076 and Bacillus sp. MNMCCE 001

Jiejie Dong' *, Xiaoyong Zhang', Jie Bao' *, Xinya Xu', Xuhua Nong',
Shuhua Qi'’

'Key Laboratory of Tropical Marine Bio—resources and Ecology, South China Sea Institute of Oceanology, Chinese
Academy of Sciences, Guangzhou 510301, Guangdong Province, China
? Graduate University of the Chinese Academy of Sciences, Beijing 100049, China

Abstract: [Objective] To elucidate the chemical structures of the main antibacterial compound and red pigment produced
by the co-culture of marine-derived fungus Aspergillus sp. SCSGAF 0076 and bacterium Bacillus sp. MNMCCE 001.
[Methods] The monoculture of strain SCSGAF 0076 and co-culture of strains SCSGAF 0076 and MNMCCE 001 were
done on amylum solid medium for three days, then the crude extracts of the cultures were obtained, and subsequently, the
chemical profiles of the extracts of monoculture and co-culture were analyzed by HPLC. Using antibacterial bioassay—
guided fractionation, we isolated the crude extract of the co-culture by silica gel column chromatogram, Sephadex LH20,
and semi-preparative HPLC to obtain the main antibacterial compound and red pigment. The compounds’ structures were
determined by spectroscopic analysis. [Results] We found that the main secondary metabolites produced by the
monoculture of strain SCSGAF 0076 and co—culture of strains SCSGAF 0076 and MNMCCE 001 were almost the same,
however, the contents of the main antibacterial compound and red pigment were obviously different. Totally, four
compounds including the antibacterial compound penicillic acid, 5 (6) -dihydropenicillic acid, 9-chloro-8-hydroxy-8,9-
deoxyasperlactone and red pigment viopurpurin were isolated from the crude extract of the co-culture medium.
[Conclusion] The main antibacterial compound of the co-culture of strains SCSGAF 0076 and MNMCCE 001was
penicillic acid, the main red pigment was viopurpurin, and the yields of the two compounds were proved by the co-
culture.

Keywords: fungus Aspergillus sp., bacterium Bacillus sp., co-culture, antibacterial activity, penicillic acid, red

pigment
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