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Structures and activities of naphthopyrones from marine fungus
Aspergillus niger XJJ-3

JIANG Wei'? JIANG Hang-Cheng' WEI Xin' XU Jia-Jun'
SHAN Ti-Zhuang' PAN Ying®"

(1. School of Environmental Science and Engineering, Yangzhou University, Yangzhou, Jiangsu 225127, China)
(2. Jiangsu Cancer Hospital, Jiangsu Institute of Cancer Research, The Affiliated Cancer Hospital of Nanjing Medical
University, Nanjing, Jiangsu 210009, China)
(3. School of Pharmacy, Wenzhou Medical University, Wenzhou, Zhejiang 325035, China)

Abstract: [Background] Naphthopyrones possess various bioactivities that are characteristic
secondary metabolites of the fungus Aspergillus niger. [Objective] To illuminate the structures and
activities of naphthopyrones from fungus A. niger isolated from mud flat. [Methods] Guided by TLC
analysis, we used combined chromatographic and spectrographic techniques to identify
naphthopyrones. The activities against pathogen bacteria and Artemia salina were tested by
micro-dilution method. [Results] Six naphthopyrones: Rubrofusarin B (1), Flavasperone (2),
Aurasperone A (3), Asperpyrones C (4), Asperpyrones B (5) and Fonsecinone A (6) were isolated
from A. niger. In bioassays, compounds 1 through 6 showed different levels of antibacterial activities
against pathogen bacteria. Flavasperone (2) and Asperpyrones C (4) showed potent antibacterial
activities against S. aureus ATCC33591 with MIC values 43.7 and 21.9 umol/L, respectively.
Aurasperone A (3) exhibited significant activities against E. faecium ATCC35667 with MIC values
21.9 umol/L. Compounds 1 through 6 displayed toxicity on brine shrimps larvae, the LDs, values of
Flavasperone (2) and Aurasperone A (3) were 35.0 and 8.8 pumol/L, respectively. [Conclusion]
Diverse naphthopyrones were produced by strain XJJ-3. Compounds 1 through 6 showed different
levels of activities against pathogen bacteria and Artemia salina. This study may provide reference
for the development of antibacterial and cytotoxic drugs.

Keywords: Marine fungus, Aspergillus niger, Naphthopyrones, Antibacterial activity, Brine shrimp
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1.1 &E#k
XJJ-3
( 2015 10 )

Aspergillus niger

1.2 EERFIFNES

200-300 ODS 50 um YMC
Bruker

Apollo RP-18 (5 pum 4.6 mmx250 mm)
Alltech

Kromasil RP-18

8 (Fr.A—H)
8:1( Mtk FrB(53g) ODS
/ 5
85:15( HMith)
HPLC ( 1.5 mL/min
85:15(
100.0 mg R=17") 2

(Fr.B1-5
FrB5 (1.8 g)

210 nm)
tt) 1 (JHC-1
(JHC-2 100.0 mg R=20"
80:20 ( LK) 3 (JHC-3 10.0 mg
R=26") 4 (JHC4 7.0 mg R=34") 5 (JHC-5
50mg R=30") 6(JHC-9 7.0mg R=28")

1.6 HUEDE MM

Staphylococcus aureus ATCC43300
S. aureus ATCC33591 S. aureus ATCC25923 S.
aureus ATCC29213  Enterococcus faecalis ATCC51299

(10 mmx250 mm) AkzoNobel 318-MC
E. faecium ATCC35667 Escherichia coli ATCC25922
13 fEEE Bacillus subtilis ATCC6633  Vibrio parahemolyticus
PDB (/L) 200.0 200  ATCCLT802 .
30.0 PDA (gL) PDB (LB )
18.0 1/800 DMSO
LB (g/L) 5.0 10.0 8 mg/mL 96 1
NaCl 10.0 18.0 195 uL SpL 100 pL
14 EREFSARN LR 100 pL 1 2
—80 °C 7
PDA 28 °C 200 pL 100 pg/mL
3-5d 250 mL 1.56 pg/mL 3
100 mL  PDB 1x10° Pa
20 min 28 °C 120 r/min DMSO 28 °C 1824 h
3d 1 000 mL 600 nm
40 g 3% 80 mL 1x10° Pa (MIC)
8 mL 100 28°C SIS 4 _ 4
40d (e)= (1_ Egaéggg- éggg JX 100
15 LEYIRRENS S 1.7 mHBHEFEENR
5% 3 [17-18] 100 mg
40 ¢g (Artemia salina) 500 mL
/ 400 mL 28 °C
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2 dy4.00 BH s) 06y3.93(3H
s) oy 2.37 BH s)
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22Hz 2 8u6.40(IH d J=22Hz) 84659
(1IH d J=2.2 Hz)
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Sc 184.3 (s)

O¢c 95-170 12

[10] 1 Rubrofusarin B( 1)
'"H NMR (600 MHz CDCly) &y 14.96 (I1H s
5-OH) 6.97 (IH s H-10) 6.59 (1H d J=2.2 Hz,
H-9) 6.40(1H d J=22Hz H-7) 6.00(IH s
H-3) 4.00 B3H s 6-OCH;) 3.93 3H s 8-OCHs)
237(3H s 2-CH;) "CNMR (150 MHz CDCl,)

5c 1843 (s C-4) 167.4(s C-2)
161.5(s C-8) 160.7(s C-6) 153.3(s C-10a)
141.1 (s C-9a) 108.4(s C-5a) 107.4(d C-3)
1044 (s C-4a) 101.1(d C-10) 97.8(d C-9)
97.3(d C-7) 56.1(q 6-OCH;) 55.4(q 8-OCH;)
20.7(q 2-CHj)

162.7(s C-5)

2
HR-ESI-MS 1
C16H1405 2 1 'H "“CNMR
2 1
[5] 2 Flavasperone (1) '"HNMR
(600MHz CDCly) &;12.80 (1H s 5-OH) 6.87

(1H s H-6) 659(1H d J=24Hz H-9) 6.40
(1H d J=24Hz H-7) 628(1H s H-3) 3.97
(3H s 10-OCH;) 3.93 3H s 8-OCH;) 2.50 3H
s 2-CH;) ""CNMR (150 MHz CDCl;) 8¢ 182.9
(s C-4) 166.6(s C-2) 161.4(s C-5) 159.0 (s
C-8) 156.6(s C-10) 155.8(s C-la), 141.2(s
C-6a) 110.4(d C-3) 108.8(s C-10a) 105.8(d

C-6) 1049 (s C-4a) 979 (d C-9) 97.0 d
C-7) 55.9(q 10-OCH;) 55.5(q 8-OCH;) 20.5
(@ 2-CHy)
3-6
HR-ESI-MS C3H6010
20 '"H NMR
81y 12.8-15.3 2
8 6.0-6.5 4
2 2
AX 8y 3.4-4.0 4
81 2.5 2
3-6 'H NMR
2 'H NMR 3-6
1 2 —
'"H NMR
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A. niger A. niger
2 4 4 2 (
)
3 Aurasperone Al
Asperpyrones cb! 5 Asperpyrones
B! 6 Fonsecinone A"} 1

Aurasperone A (3) '"H NMR (600 MHz
CDCl;) oy 1524 (1H s 5'-OH) 14.83(1H s
5-OH) 7.15 (1IH s H-10) 697 (IH s H-9)
641 (1H d J=2.0Hz H-9") 6.21(1H d J=2.0Hz
H-7) 6.05 (IH s H-3) 598 (IH s H-3')

4.02 3H
3.62 (3H
2.41 3H

S

S

S

6'-OCH;) 3.78 3H s 8-OCHj)
8-OCH;) 3.46 BH s 6-OCHs)
2-CH;) 2.12(3H s 2'-CHj)

Asperpyrones C (4) '"H NMR (600 MHz
CDCl;) oy 14.75(1H s 5-OH) 13.11(1H s
5-OH) 7.13(1H s H-10) 698 (1H s H-9)

6.42 (1H
6.26 (1H
4.00 3H
3.64 3H

d J=2.0Hz H-9) 6.32(1H s H—3’)
d J=2.0Hz H-7) 6.03(1H s H-3)
s 10-OCH;) 3.81 3H s 8-OCHj)
s 6-OCH;3) 3.61 BH s 8'-OCH;)
OCH,0H O
5
H,CO™ 5 Y, 0] TCH,

1 JHC-1)

OCH,0H 0O

3 (JHC-3) 4 (JHC-4)

1 k&4 1-6 HILEH

Figure 1 Structures of compounds 1-6

254(3H s 2'-CH;) 240(3H s 2-CHj)

Asperpyrones B (5) 'H NMR (600 MHz
CDCl;) oy 13.18(1H s 5-OH) 12.81 (1H s
5-OH) 7.04 (1H s H-6) 698 (1H s H-7)
644 (1IH d J=2.0Hz H-9") 633(1H s H-3")
631 (IH s H-3) 620(IH d J=2.0Hz H-7)
400 3H s 10-OCH;) 3.80(3H s 8-OCH;)
3.61 (6H s 8-OCH;and10-OCH;) 2.55(3H s
2'-CH;) 248 (3H s 2-CHj)

Fonsecinone A (6) 'H NMR (600 MHz
CDCl;) oy 1524(1H s 5-OH) 12.83(1H s
5-OH) 7.06(1H s H-6) 697(1H s H-7) 6.42
(1H d J=2.0Hz H-9) 633(IH s H-3) 6.17
(1H s H-7) 6.00(1H s H-3") 403C3H s
6’'-OCH;) 3.78 BH s 8-OCHj3) 3.61 3H s
8'-OCH3) 3.42(3H s 10-OCH;) 248 (3H s
2-CH;) 2.12(3H s 2'-CHj)

22 HMEBEMUNELSR
MIC 1
1-6 S. aureus ATCC43300
25923  B. subtilis ATCC6633 E. coli ATCC25922

OCH;0H O

5 (JHC-5) 6 (JHC-9)
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x1 HEY 16 IREFNRNNERE MIC

(nmol/L)FN5T 51 A+ HIH FLIR B LDso (nmol/L)
Table 1
against pathogen bacteria and Artemia salina

MIC and LDs, (pmol/L) of compounds 1-6

MIC LDso
Compound

SAl SA2 EF VP AS
1 >350 >350 87.4 174.8 244.7
2 43.7 174.8 87.4 1748 35.0
3 >1754 >1754 219 >1754 8.8
4 21.9 43.9 439 87.7 87.7
5 87.7 87.7 439 >1754 87.7
6 >1754  >1754 439 >1754 122.8
AM 67.3 33.7 <40 <4.0
VM <l.1 <l.1 <l.1 <I.1

Note: SA1=S. aureus ATCC33591; SA2=S. aureus ATCC29213;
EF=E. faecium ATCC35667; VP=V. parahemolyticus ATCC17802;

AS=A. Salina; AM=Ampicillin sodium; VM=Vancomycin.

E. faecalis ATCC51299  MIC >350 pmol/L

5 1 2 4

5 S. aureus ATCC33591
43.7 219 87.7 pumol/L
S. aureus ATCC29213
174.8 439
faecium ATCC35667 1
2 87.4 pumol/L 3 21.9 umol/L
4 5 43.9 umol/L 1 2 4
V. parahemolyticus ATCC17802
174.8 174.8 87.7 pmol/L
2.3 pHHEEMNELSR
LDsy
1 1-6
2447 35.0 88 877
87.7  122.8 umol/L

3 WL

DAD-HPLC LC-MS 'H NMR

TLC

87.7 umol/L E.

TLC
TLC (
=20:1) R=0.1-0.9
A. niger
[3 5-14]

1-6

TLC

3-6)

1-6 S. aureus
ATCC43300 25923 B. subtilis E. coli ATCC25922
E. faecalis ATCC51299
ATCC33591 29213 E. faecium ATCC35667
V. parahemolyticus
2 4 S aureus ATCC33591
3 E.faecium ATCC35667
1-6
2 3

S. aureus

1-6

MTT 1-6
BGC823 AGS 5

Hela Hep-2 MGCS803

A. niger
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