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0.05% FiFREE 0.03% FHFIRE 0.3% WK R
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Fig. 1 Fingerprints of secondary metabolites of Aspergillus ochraceus under biomimetic culture( A) and high salt stress(B).
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Fig.2  Structures of compounds 1 -5 and the A8 g values of MTPA ester of compound 4.
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= 8.2 Hz)f86.80 (d, J = 7.7 Hz) A= 2 41
IR A 1,2, 3- = BRI AR I, I64E, 43 F ik
FETE L NIRRT (8 4.78, m) (1 M HFE(S
2.93,2H, m) 1 MH¥E(51.41, d, J = 6.1 Hz)
1A ¥RHEE (5 10.96, brs) . BEIESERA 6 3%
FHRAE 5 (5 108.8 ~161. 6, Hrfr 3 =i 3 >
W) 1 AR B HE Bk (8 169.9) (1 A % 4 ALK (6
76.6) 1 ASNE H BB (6 34.1) F1 1 A B JE Gk (8
20.8) , K e HEM fb A& ) HAA R IE S T N BR S
SCHR R A 20, HC TR A HG e S5 Sk (B AR
FF(Lall =30.0 (¢ 0.6, CHCL)), itk &9 1
ZERIHE N R( - ) -mellein

&Y 2, Ry, [«]l +16.6 (c0.1,
CHCL,) , PHES ¥ ESI-MS 7E m/z 243 Hl m/z 245 4t
A3 MEERMNRESTEFEE[M+Na] * 8545
GRS HEN 43 7R CH,; ClO, . &3k R A 2
AHFE(81.31,3H,d, J = 6.6 Hz; 6 1.30, 3H,
d, J = 6.6 Hz) 4 % EaUE @R T (6 4. 46,
brt, ] = 4.4,5.5Hz; 64.35, m; 64.23, dq, J =
6.6, 7.7 Hz; & 4.18, ddd, J = 2.2, 6.6,
7.7 Hz) 1 MEEES(56.87, brs) fl 2 NRKEE(S
5.85,d,J =6.6Hz;65.72,d,J =5.5Hz) ;
TN T2 AR S (818.9, q; 618.5, q) 4
MEABIEAMNKP (6 79.4, d; §71.8, d; 6§
66.6, d; §60.4, d) 2 4~ sp> ZefbBi(5 5 (5 146.6,

d; 6131.0, s) fl 1 M EEFRIFE(ES (6 163.5, s) ;3
B3 HAEAE 1 DSICABERNERER . HBOE A
5 3¢ @k R 3 9 9-chloro-8-hydroxy-8, 9-
deoxyaspyrone FIFF, 5,6-057 51+ [ # K A 5 4L
(SJ(HS, H6) =7.7 Hz) F I HAG R R X i T 2-5
PR A ) 0 4B T A & % 80T 95X
(threo-, 4.5 Hz) KT (erythro-, 4.0 Hz) "' ik
a2 h 8, 9-f7 #4 A Sk 75 5K (3](118, Ho) ~ 4.4
Hz) . AL G 2 WSS K0 € N (5, 6-trans, 8,9-
threo-) -9-chloro-8-hydroxy-8 ,9-deoxyaspyrone,

G 3, EAHIRY, [« +27.0 (c
0.015, CHCl,) , BHES T ESI-MS 7£ m/z 243 Fl m/z
245 hbA7 3 1Ry BRI ZR 70785 T [ M + Na ™,
A EGE R I HEN 2> 12 G H, Clo, , 2R b
Y3 22 WIE Ak, S0k kg 5 a1 2 1
oL, (RSl OBUE B R 1 3% SR W] Sk ) (IR 3 157
#%(5172.4, 151.2, 134.7, and 85.9) , £ NITTA
TUFT AR PR AZ T TR N R . A Ak
TR HE 5 S #k i 3B 1Y 9-chloro-8-hydroxy-8, 9-
deoxyasperlactone 145", 51b& 9 2 25401, 8,9-i
ﬁﬁ%lmﬁjﬁﬂg{%%#ﬁ(zﬂm Ho) = 4.6 Hz) KU H
AR IR 5,6-0 TR HECT s, ey =
5.5 Ho) R 5, 6-f it RO o st
3L E (5 ,6-erythro-, 8 ,9-threo-)-9-chloro-
8-hydroxy-8 ,9-deoxyasperlactone,

&1 &YW 1-5 8 NMR HiERE

Table 1 NMR data of compound 1-5. Recorded at 600 MHz ('H) and at 150 MHz (”C) in DMSO-d, ( compound 4 in CDCI, )

Position 1 2 3 4 5
8 (J in Hz) d ¢ 8 4 (J in Hz) S¢ 8 y(J in Hz) S 8 y(J in Hz) d ¢ 8 y(JinHz) &

1 169.9,5 171.3 s
2 163. 5.5 172.4 5 165. 8.5
3 4.78,m 76.6,d 131.0,s 134.7,s 128.5,s  4.79,m 76.7,d
4 2.93,m (2H) 34.1,t 6.87,brs 146.6,d  7.62,brs 151.2,d 6. 66, brs 145.7,d  2.98,m (2H) 39.8,t
4a 140.9 5 134.8.5
5 6.80,d (7.7)  115.9,d 418,ddd (22.6677) 66.6.d  4%B.ddd (L41455) 85.9.d 4 18,but (7.7.8.8) 67.4.d  7.01,s 116.1.,d
5a 141,15
6 74, (827.7)  136.8,d 4.23,dq (6.6,7.7) 79.4,d  3.78,dq (5.5,6.6) 67.0,d  4.37,dq (5.5,8.8) 79.6,d  6.75,d (2.3) 101.6,d
7 6.86,d (8.2) 118.8,d 1.30,d (3H,6.6) 18.5,q 1 11,d (3H,6.6) 19.5,q 1.43,d (3H,5.5) 18.2,q 162.7,5
8 161.6,5 4.46,brt (4.4,5.5) 71.8,d  4.40,brt (4.6,5.5) 70.1,d  2.39,m (2H) 30.5,t  6.45,d (2.3) 100.1,d
8a 108.8,s
9 L41,d BH,61) 20.8,q 4.35,m 60.4,d  4.36.m 59.8,d  3.98,m 66.7 d 162.5.5
9a 1.31,d (3H,6.6) 99.7.s
10 18.9,q  1.36,d (3H,6.6) 19.8,q  1.20,d (3H,5.5) 23.2.,q 158. 4.5
10a 108.7,s
3-CH, 1.43,d (3H,5.4) 20.9,q
5.0H 5.85.d (6.6) 4.84.d (7.7)
6-OH 5.19,d (5.0)
7-0CH, 3.83,s (3H)  55.9,q
8-OH  10.96,brs 5.72.d (5.5) 5.91,d (5.5)
9-0H 3.82.5 13.31 . brs
10-OH 9.83,brs
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a4, ARy, (]l +40.0 (¢ 0.6,
CHCL) , BHES ¥ ESI-MS 78 m/z 209 Ab%5 4y 155
UL M + Na ] " U6, 4545 S0 Bk 1% 46 00 23 1 08
C,H,,0,. S (5,. 66, brs) FIRERE (5 165.8, s; 8
145.7, d; §128.5, s) i FHEH 1 M a, B-A
TAZSTCNEREEHE . 5381, SEE BR A 3 A%
WHH(54.37, dq, J = 5.5, 8.8 Hz; §4. 18, brt,
J =7.7,88Hz;83.98, m) .1 MTFHH(52. 39,
2H, m) 12 A~H3(51.43, 3H, d, J = 5.5Hz; &
1.20, 3H, d, J = 5.5Hz) ;iiEid R 3 MESAIK
FHE(579.6,d;8667.4,d;666.7, d) .1 FEH I
(839.5, ) M2 ANHIEE(523.2, q; 818.2, q), iX
SEERE 5 SR IE 1 &) dihydroaspyrone AH
FE5 600 5 F TR 58 R 0 08 45 50 20 C s, ) =
7.7 Hz) KW HAGHR 3K, 55 dihydroaspyrone H A
[FFRE B AR # 8Y, HE @6 75 ) dihydroaspyrone
“BIF1 (58, 6R) -5, 6-dihydro-5-hydroxy-6-methyl-2 H-
pyran-2-one [mﬂﬂﬁ,i’%% 5,6-0 B KGRI Ay (58S,
6R)-;{HE (5 dihydroaspyrone 2£ 51|38, S~ 1 #ff
JE 9-OH (1% 4t % #4 AL, i F T 2kt R 19 Mosher 75
W AR AR, S-(F 1) . Hk A 4
P45 # 2 5E  (55,6R ,9S) —dihydroaspyrone[ 131

a5, EEsRE &, [l +7.0 (¢ 0.1,
CHCLy) . BHE§ T ESI-MS 7E m/z 275 b 45 7> 1 F
FUE[M + H] "0, 255 S mak el 4r 1208 Cos
H,0s, S iSRS HWA4 5 0 EE(8
13.31, brs; §9.83, brs) 3 MEHFEEES(67.01,
s; 6 6.75, d, J = 2.3Hz; 6§ 6.45, d, J =
2.3 Hz) .1 HEIH(S53.83, 3H, s) .1 TERK
HI%(54.79, m) 1 MIHJE(52.98, 2H, m) Al 1
ANHR(51.43,3H, d, J = 5.4 Hz) ., #ighdin
SAF AR (5 171.3) 10 A5 55 (5 162.7 -
99.7, Hrh 7 A ZEEK) 1 AR (8 76.7,
d) I AHEE(555.9) 1 NI H (S5 39.8, t) Fl
L AHEE(520.9, q), XEEHIERRILEY) S 25
By N BRI B, o BE 5 SCRAGE 16 & )
semi-vioxanthin 45", (HEYe 1M 5 S (-) -semi-
vioxanthin ([ ] -=10.6 (¢ 0.56, CHCL,) ) #H "',
HAbEY 5 SR E N R( + ) -semi-vioxanthin
2.3 EYHEHEITMER

A P40 TR 355 P 0 4 T P ) 2P PR AN 3R
W AEG Y 1 =5 BA — o I v, Ho &8 6
W BRI ( Staphylococcus aureus) A EFT i ( Bacillus
subtilis) . F=S T B ( Bacillus aerogenes) 1t MIC 45 5|

>4 50,25 .25 .25 .50 #150.50.50.50 .50 DA K 25 .25,
25.25.50 mg/L (¥R B Ay BH AR XA, MIC /N T
12.5 mg/L) . WA AEY) S 30 HA — & 1) 40 i 85
T, HoXF N B 8 JE Hela 40 B 19 IC,, fH A4
23.2 mg/L( 5-55 JKR W% WE Ay BH o4 %F B, 1C,, fi /N F
3.2 mg/L),
3 i

TR ) E A PR BT A, o A AR Y
i G e A B i 2R
UTHZ P T TR G 0 O AR A RE T, 2 TR W R AR
PR S ) OCRE )E , AFSE E R B A
UCAEACHITRE )2 ] LAJa ik 22 Fhde 42 i LAY 59 19, 451)
WNFREE A A S GRS LA S R 45, K
Hh AT I A AT R A o 2% A 4 37 AR TR B B R
SR AR SO — R BRI A B A B SR T AR
(] P A Jiin 3 25 A (A B SR A s B i ) L 4R45 T
HAMNF S ZFEE 0 R B, ik 549 2.3
Vs @Gy, TaeR7esEE ek (2% AL
MR B AR K ) 05 2 15 95 B b W VR R T2k
WA B Z LA SOk & E R, AT L
¥ 5% (Penicillum terrus ) LM, 8905 A 55 35 7= %) v,
PESME T 6 MM AL ST . KW
EsEE SRR A G 7/ IR R AW/ [SOE Sy 67
7o

AW 1 B 5= M ER Aspergillus melleus IR A=
R = B AR Rk L B 2 BT
RAFE A s 0 R LR TR 9 T
THUAEY ™ LAY 1A SR EL G R B AL
WE, ATV BRI Y ARG 2 0 3 R R T
AL A= BB Aspergillus ostianus YR AACEITF=H) 50
BER Y X Ruegeria atlantica . K Ji FT 78 1
SEOMBERREAWHER" . LAY 4 REE
MIEE Aspergillus ochraceus YR A=A =4 b /0 B 45
B2 AT R BALA Y 14 B — @ P
HGLAE G, GV S fe ' J2 N5 % Penicillium
citreoviride YA =y vh o B AR B9 AT K
BALA Y 5 BA — 7 B30 TR A4 RE I v, A R Y
25 SR S( - ) -semi-vioxanthin -t 245 HT ip 8
Y

AW 1 -4 ZAEO ER TR R T A0, il
G5 B R T A, B FE Y (%
AR 30% ), B AN [R] () FR5 i38 mT DA
BRI ER A Y A A W S PR S ) -
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Effects of environmental stress on secondary metabolites of
Aspergillus ochraceus LCJ11-102 associated with the coral
Dichotella gemmacea

Yalin Zhou, Yi Wang, Peipei Liu, Zhiying Wang, Weiming Zhu "
(School of Medicine and Pharmacy, Ocean University of China, Qingdao 266003, China)

Abstract ; [ Objective | To explore the secondary metabolites of fungus Aspergillus ochraceus LCJ11-102 associated with the
coral Dichotella gemmacea under environmental stress and to obtain characteristic compounds with biological activities.
[ Methods] A nutrient-deprived culture medium ( biomimetic culture) and a high salt culture medium were used for
fermentation. Fingerprints of HPLC of the fermentation broth were used to investigate the diversity of secondary
metabolites. Compounds were isolated by column chromatography on silica gel, Sephadex LH-20, and preparative HPLC.
Their structures were identified by spectroscopic analyses and the modified Mosher’ s method. [ Results ] Different
secondary metabolites were produced by A. ochraceus 1.CJ11-102 under two different culture conditions. ( R)-mellein
(1), (5, 6-trans, 8,9-threo-)-9-chloro-8-hydroxy-8, 9-deoxyaspyrone (2), (5, 6-erythro-, 8, 9-threo-)-9-chloro-8-
hydroxy-8 ,9-deoxyasperlactone (3 ), and (5S, 6R,9S)-dihydroaspyrone (4) were identified from the biomimetic
cultures, and R ( + )-semi-vioxanthin (5) was identified from the high salt cultures, respectively. [ Conclusion ]
Environmental stress obviously induces microbes to produce different secondary metabolites. And biomimetic culture is an
effective approach to obtain active chloro compounds from marine microorganisms.

Keywords: coral-associated fungus; Aspergillus ochraceus; biomimetic culture; salt stress; secondary metabolites;

Dichotella gemmacea
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