FRILT ¢ |7
H@A RTICLE

HZ&R I ZZRIE A E EE Aspergillus versicolor EN-298 4=

DR
1,2 1 1,2 / 1 Y 1
FHET FRW, KBS, RRAL B
(1. , 266071; 2. , 100049)
WE: ARXAME KD H B KA E (Ceramium japonicum)F 2 B IF 28— N £ A B Aspergillus
versicolor EN-298, st X AR FM#ATT 24K, AIHRAAEEN . EAAEEH . B BABRIR
Sephadex LH-20 vA B #| &3 2 EAT(pTLC)5F 4 B F BT 10 ANkt ody, @it —%. —fimmst
HHEA(ID. 2D NMR)F L7 T BT A Aot e i, 3t 5 B2 et/ T I E E X, 3LF
o 10 3FiR % % 184 K H (Edwardsiella tarda) & I & — = 6937 ®IVE A .
KR B A E(Ceramium japonicum); WA RLE; F Ry EHMER
HESES: 0629 XEAFRIRAD: A X EHE: 1000-3096(2015)06-0094-05
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, LiChroprep RP-18 (40~63 pm, Merck);
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© 1.2 BHHRAR
72 000 s 1500
2] (1) A. versicolor EN-298
2013 6 (Ceramium
’ Japonicum) ITS ,
(Aspergillus versicolor)
2 4C -
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20% 300 mL
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: 5-0-methylsulochine acid 300 mL. 116 C 30 m ’
(1), isosulochrin (2), w-hydroxyemodin (citreorosein) (3), ms . min
emodin-6.8- dimethyl ether (4), 4, 4'-dihydroxy- 5, 5", 7, gL 28C 30 4,
7'- tetramethoxy- 2, 2'-dimethyl-9, 9'-bianthracene- 10, 10'
(9H, 9'H)-dione (5), 4, 4'-dihydroxy-5, 5', 7, 7'- " N
tetramethoxy-2, 2'-dimethyl-9, 9'-bianthracene-10, 10' 1.3 REBYH
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1 R,=COOCH,, R,=OCH,
2 R,=COOCH,, R,=OH

(6}

7 8
1
Fig. 1
4:1) R
R 205 ¢
VLC , -
- , TLC
9 (Fr.1-9) Fr.4

, Sephadex LH-20( )
1(13.0 mg), 2(40.0 mg), 3(5.0 mg),

4(5.5 mg), 5(8.0 mg), 6(6.5 mg); Fr.5
, (pTLC)
7(8.0 mg), 8(5.8 mg); Fr.6 ,
(pHPLC)

9(8.0 mg), 10(25.0 mg)
1.4 7 H & MIC R4X

(1) : (Vibrio alginolyticus),
(Edwardsiella tarda),

(Vibrio  parahaemolyticus), (Vibrio
parahaemolyticus)

(2) : LB

, 37°C 24h 2 mL 0.85 %

NaCl )
0.85 % NaCl 0.5 (

1.5>10* CFU/mL)

3 R,=OH, R,=OH, R,=CH,OH, R,=OH 0 O OH
4 R,=OH, R,=OCH,, R,=CH,, R ,=OCH,

1-10
Structures of compounds 1-10

(3) MIC : Bl

96 , 5uL
95 uL 0.5 , 96

, 96 37 C
, 24 h, 600 nm
MIC
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1: , UV (MeOH) A, (logEe)

202 (4.50), 282 (4.09) nm; 'H-NMR (500 MHz,
acetone-dg) oy: 6.68 (1H, d, J=2.7 Hz, H-4); 7.11 (1H,
d, J = 2.7 Hz, H-6); 3.73 (3H, s, H-9); 3.87 (3H, s,
H-10); 3.73 (3H, s, H-11); 6.21 (2H, br s, H-3'/5"); 2.23
(3H, s, H-7"); "“C-NMR(100 MHz, acetone-ds) oc:
129.5 (C-1, C); 125.2 (C-2, C); 158.2 (C-3, C); 103.5
(C-4, CH); 161.2 (C-5, C); 106.1 (C-6, CH); 198.6
(C-7, C); 166.6 (C-8, C); 52.3 (C-9, CH;); 56.0 (C-10,
CH3;); 56.6 (C-11, CH3); 110.4 (C-1/, C); 161.8 (C-2'/6',
C); 108.7 (C-3'/5', CH); 147.4 (C-4', C); 21.9 (C-7',
CH,) 37
5-O-methyl sulochine

2: , UV (MeOH) Ay (logE)
201 (4.30), 281 (3.92) nm; 'H-NMR (500 MHz, ace-
tone-dg) oy: 6.67 (1H, d, J = 2.7 Hz, H-4); 6.99 (1H, d,
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J=2.7 Hz, H-6); 3.66 (3H, s, H-9); 3.82 (3H, s, H-10);
6.19 (2H, s, H-3'/5"); 2.20 (3H, s, H-7"); "C-NMR (100
MHz, acetone-ds) dc: 131.3 (C-1, C); 127.8 (C-2, C);
156.5 (C-3, C); 107.1 (C-4, CH); 161.7 (C-5, C); 107.2
(C-6, CH); 201.3 (C-7, C); 167.5 (C-8, C); 52.8 (C-9,
CH3); 56.5 (C-10, CH3); 111.3 (C-1', C); 163.5 (C-2'/6',
C); 109.4 (C-3'/5', CH); 148.8 (C-4', C); 22.5 (C-7',
CHs) ,
isosulochrin

3: , UV (MeOH) A, (loge)
201 (3.90), 221 (3.96) nm, 251 (3.74); '"H-NMR (500
MHz, acetone-dg) Joy: 12.14 (1H, s, 1-OH); 7.32 (1H, s,
H-2); 4.77 (2H, s, 3-CH,OH); 7.72 (1H, s, H-4); 7.28
(1H, d, J = 2.4 Hz, H-5); 6.56 (1H, d, J = 2.4 Hz, H-7);
12.2 (1H, 8-OH); *C-NMR (100 MHz, acetone-d) dc:
162.1 (C-1, C); 120.5 (C-2, CH); 152.2 (C-3, C); 117.3
(C-4, CH); 131.2 (C-4a, C); 110.8 (C-5, CH); 165.6

(C-6, C); 107.9 (C-7, CH); 165.6 (C-8, C); 109.7 (C-8a,

C); 190.0 (C-9, C); 114.7 (C-9a, C); 181.8 (C-10, C);
133.6 (C-10a, C); 62.9 (3-CH,OH)

(1 , o-hydroxyemodin

(citreorosein)

4: , UV (MeOH) A« (logE)
201 (3.27), 224 (3.35) nm, 275 (3.10); "H-NMR (500
MHz, CDCl3) dy: 7.06 (1H, s, H-2); 7.55 (1H, s, H-4);
7.44 (1H, d, J = 2.5 Hz, H-5); 6.76 (1H, d, J = 2.5 Hz,
H-7); 2.42 (3H, s, 3-Me); 3.98 (3H, s, 6-OMe); 4.01
(3H, s, 8-OMe); 13.07 (1H, s, 1-OH); C-NMR (100
MHz, CDCl;) d¢: 162.7 (C-1, C); 124.8 (C-2, CH);
146.9 (C-3, C); 119.9 (C-4, CH); 104.0 (C-5, CH);
165.3 (C-6, C); 104.8 (C-7, CH); 163.0 (C-8, C); 184.7

(C-9, C); 182.9 (C-10, C); 132.4 (C-4a, C); 115.3 (C-8a,

C); 114.8 (C-9a, C); 132.4 (C-10a, C); 21.9 (3-Me);

56.0 (6-OMe); 56.6 (8-Me) (6]
, emodin-6.8-dimethyl

ether
5: , UV (MeOH) Apy (logE)

257 (4.28), 270 (4.36) nm, 363 (4.35); "H-NMR (500
MHz, CDCl;) dy: 6.36 (1H, br s, H-2); 6.71 (1H, br s,
H-4); 5.38 (1H, d, J = 2.3 Hz, H-5); 6.73 (1H, d, J =
2.3 Hz, H-7); 4.37 (1H, s, H-9); 3.62 (3H, s,
1-OMe);3.77 (3H, s, 3-OMe); 2.42 (3H, s, 6-Me);
12.78 (1H, s, 8-OH); *C-NMR (100 MHz, CDCl;) dc:
163.7 (C-1, C);99.2 (C-2, CH); 162.9 (C-3, C); 106.4
(C-4, CH); 119.7 (C-5, CH); 146.1 (C-6, C); 116.2(C-7,
CH); 162.0 (C-8, C); 56.7 (C-9, C); 187.5 (C-10, CH);
141.6 (C-4a, C); 117.1 (C-8a, C); 143.6 (C-9a, C);
114.8 (C-10a, C); 55.6 (1-OMe); 57 6 (3-OMe); 22.4
(6-Me); ,

8, 8'-dihydroxy-1, 1',
6, 6'-dimethyl-10, 10'-bianthrone

.3, 3'-tetramethoxy-
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6: , UV (MeOH) Aoy (logE)
258 (4.30), 274 (4.34) nm, 362 (4.27); "H-NMR (500
MHz, CDCl3) 8y: 6.44 (1H, br s, H-2); 5.95 (1H, br s,
H-4); 6.00 (1H, d, J=2.2 Hz, H-5); 6.67 (1H, d, J =
2.2 Hz, H-7); 4.26 (1H, s, H-9); 3.90 (3H, s, 1-OMe);
3.77 (3H, s, 3-OMe); 2.26 (3H, s, 6-Me); 12.65 (1H, s,
8-OH); "*C-NMR (100 MHz, CDCl3) d¢: 163.0 (C-1,
C); 99.7 (C-2, CH); 164.0 (C-3, C); 106.3 (C-4, CH);
120.4 (C-5, CH); 145.8 (C-6, C); 116.6 (C-7, CH);
162.3 (C-8, C); 57.9 (C-9, C); 187.2 (C-10, CH); 146.1
(C-4a, C); 116.3 (C-8a, C); 115.7 (C-9a, C); 139.9
(C-10a, C); 56.4 (1-OMe); 55.6 (3-OMe); 22.3 (6-Me)

[71

8, 8'-dihydroxy-1, 1',
6'-dimethyl-10, 10'-bianthrone
7: , [a] =220.5 (c 0.16, MeOH);
UV (MeOH) A (loge) 201 (3.81), 256 (3.92) nm;
"H-NMR (500 MHz, acetone-d) dy: 3.43 (1H, d, J =
4.0 Hz, H-1); 3.45 (1H, dd, J = 6.0, 4.2 Hz, H-2); 4.50
(1H, dd, J = 5.6, 5.3 Hz, H-3); 2.38 (1H, d, J= 5.3 Hz,
H-5); 5.10 (1H, dd, J=9.0, 5.3 Hz, H-6); 6.33 (1H, d,
J=3.9 Hz, H-7); 6.20 (1H, d, J = 1.2 Hz, H-11); 4.92
(1H, d, J = 13.6 Hz, H-14a); 5.05 (1H, d, J = 13.6 Hz,
H-14b); 1.10 (3H, s, H-18); 1.38 (3H, s, H-20); 4.10
(1H, d, J =2.9 Hz, 3-OH); “C-NMR (100 MHz,
acetone-dg) Jdc: 50.3 (C-1, CH); 54.9 (C-2, CH); 68.0
(C-3, CH); 47.5 (C-4, C); 48.3 (C-5, CH); 69.9 (C-6,
CH); 121.9 (C-7, CH); 132.2 (C-8, C); 156.4 (C-9,
CH3); 36.1 (C-10, CH3); 112.4 (C-11, CH); 163.1 (C-12,
C); 69.2 (C-17, CH,); 18.6 (C-18, CHj); 177.1 (C-19,
C); 24.5 (C-20, CH3) (8]

, : [y =-219.5 (¢ 0.13,
MeOH), ,

3, 3'-tetramethoxy-6,

wentilactone A

8: , [a]¥=-1902 (c 0.17, MeOH);
UV (MeOH) Ana (log£) 202 (4.06), 256 (4.07) nm;
'H-NMR (500 MHz, CDCl;) &y 1.43 (1H, dd, J = 13.4,
7.0 Hz, H-1a); 2.35 (1H, dd, J = 13.4, 9.1 Hz, H-1b);
3.92 (1H, m, H-2); 1.66 (1H, dd, J = 13.3, 5.2 Hz,
H-3a); 1.89 (1H, dd, J = 13.3, 5.2 Hz, H-3b); 2.24 (1H,
d, J=5.2 Hz, H-5); 5.19 (1H, td, J = 5.2, 1.3 Hz, H-6);
6.36 (1H, m, H-7); 5.74 (1H, d, J = 1.3 Hz, H-11); 4.94
(1H, d, J = 12.0 Hz, H-14a); 5.02 (1H, d, J = 12.0 Hz,
H-14b); 1.40 (3H, s , H-18); 1.21 (3H, s , H-20);
3C-NMR (100 MHz, CDCl;) dc: 40.7 (C-1, CH,); 63.1
(C-2, CH); 37.1 (C-3, CH,); 42.1 (C-4, C); 48.4 (C-5,
CH); 71.8 (C-6, CH); 122.5 (C-7, CH); 131.9 (C-8, C);
159.0 (C-9, CH3); 35.7 (C-10, CH3); 112.0 (C-11, CH);
163.8 (C-12, C); 71.8 (C-17, CH,); 23.3 (C-18, CH,);
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181.6 (C-19, C); 27.5 (C-20, CH3)
SO L alp =

~189.5 (c 0.13, MeOH),

bl

S wentilactone B
9: , [a]=—480.2 (c 0.16, MecOH);

UV (MeOH) A« (log &) 201 (4.02), 256 (3.98) nm;
"H-NMR (500 MHz, acetone-d) dyy: 4.50 (1H, m, H-1);
5.76 (1H, dd, J = 9.0, 1.12 Hz, H-2); 5.73 (1H, dd, J =
9.0, 1.9 Hz, H-3); 2.38 (1H, d, J = 4.9 Hz, H-5); 5.10
(1H, m, H-6); 6.36 (1H, br d, J = 4.6 Hz, H-7); 6.15
(1H, d, J = 1.7 Hz, H-11); 4.92 (1H, d, J = 13.3 Hz,
H-14a); 5.01 (1H, dd, J = 13.3, 1.5 Hz, H-14b); 1.21
(3H, s, H-18); 1.14 (3H, s, H-20); 5.86 (1H, d, J=5.9
Hz, 1-OH); BC-NMR (100 MHz, acetone-ds) dc: 68.1
(C-1, CH); 133.7 (C-2, CH); 127.3 (C-3, CH); 44.4
(C-4, C); 45.9 (C-5, CH); 69.9 (C-6, CH); 121.8 (C-7,
CH); 132.3 (C-8, CH);156.1 (C-9, C); 39.4 (C-10, C);
113.9 (C-11, CH); 163.1 (C-12, C); 69.2 (C-17, CH,);
22.3 (C-18, CH3); 177.5 (C-19, C); 14.7 (C-20, CH3)
[10]

. [aly=—479.5 (¢ 0.17, MeOH),

B

asperolide A
10: , [a]¥=—-14.0 (¢ 0.10, CHCly);

UV (MeOH) Apay (log &) 203 (4.63), 213 (4.62) nm;
"H-NMR (500 MHz, CDCl;) dy: 4.96 (1H, br s, H-1);
1.88 (1H, dt, J = 14.8, 3.4 Hz, H-2a); 1.73 (1H, dq, J =
14.8, 3.2 Hz, H-2b); 1.57 (1H, td, J = 11.1, 3.3 Hz,
H-3a); 1.23 (1H, dt, J = 11.1, 3.1 Hz, H-3b); 2.52 (1H,
dd, J=15.1, 5.2 Hz, H-5); 2.57 (1H, ddd, J = 20.1, 5.7,
3.9 Hz, H-6a); 2.18 (1H, m, H-6b); 6.96 (1H, br s, H-7);
4.37 (1H, d, J=10.3 Hz, H-11a); 4.22 (1H, d, J = 10.3
Hz, H-11b); 1.01 (3H, s, H-13); 0.97 (3H, s, H-14);
0.87 (3H, s, H-15); 4.33 (1H, dd, J= 7.0, 5.2 Hz, H-2");
2.17 (1H, m, H-3"); 0.97 (3H, d, J = 6.9 Hz, H-4'); 0.95
(3H, d, J = 6.8 Hz, H-5"); 2.01 (3H, s, AcCH3); 6.23
(1H, br d, J = 6.8 Hz, NH); *C-NMR (100 MHz,
CDCls) d¢: 76.0 (C-1, CH); 23.5 (C-2, CH,); 35.1 (C-3,
CH,); 32.8 (C-4, C); 38.1 (C-5, CH); 25.5 (C-6, CH,);
139.8 (C-7, CH); 130.5 (C-8, C); 77.8 (C-9, C); 41.0
(C-10, C); 74.0 (C-11, CH,); 168.6 (C-12, C); 33.2
(C-13, CHj); 21.6 (C-14, CHj3); 18.5 (C-15, CHj);
170.8 (C-1', C); 58.9 (C-2', CH); 30.0 (C-3’, CH); 19.2
(C-4', CH;); 17.9 (C-5', CH;); 169.8 (C-1", C); 23.5
(C-2", CHy) e

: [a]¥=-14.0 (¢ 0.13, CHCI;),

>

) H@ART/CLE

berkedrimane B

’ (I/lbrlO

alginolyticus), (Edwardsiella tarda),
(Vibrio parahaemolyticus)
(Vibrio parahaemolyticus) 10
. MIC
16 pg/mL
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Chemical constituents of Aspergillus versicolor EN-298, an
endophytic fungus derived from the marine alga Ceramium
japonicum
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Abstract: Ten compounds were isolated from the secondary metabolites of Aspergillus versicolor EN-298, an
endophytic fungus that was isolated from the marine red alga Ceramium japonicum. The structures of the isolated
compounds were elucidated by means of spectroscopic methods including UV and NMR (1D and 2D) as well as by
comparison with authentic standards and literature reports. All compounds were evaluated for antimicrobial activity, and

the compound 10 showed moderate activity against aqua-bacterial Edwardsiella tarda with an MIC value of 16 pg/mL.
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