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B AR Bk B AR (YR ELA HNMF114 AT R AR W i ss . N s T 1 ik G4
M AN FLED ., 43925 %€ H clavatone (1) | cyclo( L-Trp-L-Trp) (2) .2,4 (1H,3H) -quinazolinedione (3) . clavatol
(4) .kotanin(5) ,orlandin (6) , desmethylkotanin (7) . (S)-2-( 1-Hydroxy-2 ,2-dimethylpropyl ) quinazolin-4 (3H) -one (8) |
(S) 2-methyl-1-(4-o0x0-3 ,4- dihydroquinazolin-2-yl) propyl acetate(9) , Fib-&4 1 XK GFF B ) 248 K 2B A — & i 4m
YER, B/ M BE (MIC) 2 2 pg/mL, fbG4) 4.9 X 4 58 (O 47 BRI — & R sl VE R, B/ MR BE 235010 4 1
pg/mL F1 4 we/mL, ALEY) S XA R AT B —E R IRIVERT, B/ MM EE 5008 8 pg/mL, fb&H 4.5 F19
X 2RI R A — E A RIE T, B/ MR B 230 4 4 F1 8 pg/mL,

K817 : Aspergillus clavatonanicus ; W AEAE =4 ; Bo v 16 14
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Secondary metabolites and their antibacterial activity from the
marine fungus Aspergillus clavatonanicus HNMF114
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Abstract: The secondary metabolites of an endophytic fungus HNMF114 from the bivalve mollusk Sanguinolaria chinensis of
China were studied in this paper. One new compound and eight known compounds were isolated and purified from the epiphyt-
ic fungus Aspergillus clavatonanicus ,and the structures were identified as clavatone (1) ,cyclo( L-Trp-L-Trp) (2),2,4(1H,
3H) -quinazolinedione (3) ,clavatol (4) ,kotanin (5) ,orlandin (6) ,desmethylkotanin (7),(S)-2-( 1-hydroxy-2,2-dimeth-
ylpropyl) quinazolin4 (3H ) -one (8), (S)-2-methyl-1-(4-o0x0-3, 4-dihydroquinazolin-2-yl ) propyl acetate (9). The new
compound 1 showed obvious inhibitory activity against Escherichia coli with the minimum inhibitory concentration (MIC) val-
ue of 2 pg/mL. Compounds 4 and 9 showed obvious inhibitory activity against Staphylococcus aureus with the MIC values of 1
pg/mL and 4 pg/mL, respectively. Compound 5 showed moderate inhibitory activity against Bacillus subtilis with the MIC val-
ue of 8 pg/mL. Compounds 4,5 and 9 showed moderate inhibitory activity against Listeria monocytogenes ,with MIC values of
4,4 and 8 pg/mL,respectively.

Key words : Aspergillus clavatonanicus ;secondary metabolites ; antibacterial activity
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(Aspergillus glaucus ) FIT 7= A= IR AR 7= W) K 23 55
A ZREEN Yz —, HETREKE AW
JIF o W 8 26 1 L R 3k 20% . FETRATT NV TE
P SRR A 1 (0 R e, R — i L
1 2 s S B A2 B T Aspergillus  clavatonanicus
HNMF114 536G HEACE = WA T iF e, Db i B — 28
s IR K] A T RS AL B W, R A5 ) A A T R
PRI ML L A SCHRSERT BB A. clavatonan-
feus INMF114 (== W4 s b ) A= 49 8 28 e A= A
YT T OR5E e T R AAR P B B T, LA
W B AR YIS Y B A
1 #Rl5A*%
1.1 EH

WL Aspergillus sp. HNMF114 /355 5 W56
SCEHEE AR SR I | TR R TR RS (4, S T B
W, s ERT kPO EIE, DA A AR 22,
GenBank #5508 MK732953, B T b [ $h Ay
M B2 Bt P LR W B R Bl
1.2 {UEAtH

ikt 25 Z AL (EYELA A7), HAS) s B PR
WAL (AVANCE-500, 7 [] Bruker /A7) ) 5 JBiii4% ( Mi-
cromassAutospec-Uitima TOF) ; 84 A BA &AL TAE S
(SW-CJ-1FD LSRN AT FRZ W) 5 i BORAH (3
I CZHEAE 1260 3 #r BY, 56 [ 2 SEAR B ECA IR A
A ) 5 2 il A8 = A80R A 835 X (SUM-MITP680A | #
%, K IH] ) s BEAR L (ELX-800, Bio Tex 22w ) 5 § K1
PRAE (RSS2~ s T 2 —H R
(I PH AL RS 2 7)) 5 pH 3 (B - 4 5 B -4E )
) K Has B (SHZ-D, KM - AR AN 5 il 8 2
w) s FEIR (VRIS SR AT 8 A ) 5 AE 3 Ak e A
R ISR AR (B AL T P ) 5 AR
W A Merck 23 7] ; (43% CNEWE B RAFBMELA 7] H
i) £47 Sy H 2 Tl )
1.3 1BEHEHE
1.3.1 PDA 5%

LS 200 g, %M 20 ¢, BifiR 20 g, 281K 1
000 mL,pH 6.5,
1.3.2 A@g=—%

HIAGHE 10 g, Z2 2P0 20 o, BRAG 10 g, e BETR 3
g, BRI o, HFEEE 20 ¢,MS0, 0.3 ¢,KH,PO, 0.5
g, 7k 1 L,pH6.5,
1.3.3 Bk

0.1% = LR

1.4 BEHhEE

PEEPRTE PDA BE SR ILES 35 = K, 8/ T84
150 mL PDB }5 3231 500 mL =i, 180 rpm,
25 CHE3 K, Hl LR Boml BB 5 K 7R3k 60
L, B3 326 300 mL T 1 000 mL ) =i, KE
SR PR R TR SRR, B mL, E
R E R 30 K,
1.5 EE5HE

REEEHG 1L U8, 5 B W 22 PR W, 1 5
R TR R A TR 2R TR 43 ) 2 UK IR BB R ALk
PP 22 =R B IR FEBUROIT e 78, I & A5 3R
B AT 13 go RO RE A (i LR 2
W) AT B, L 81 1—1: 2B BEBEIE , 4> BRI 4R .
53] 15 NS (Fro 1 ~Fr.15) , Hrp Fr.3(0.49 g)
2850 SRR AT £ 35 ( FH B2/ 7K, 20% —100% ) #4 B
VEMUE 753 TAE S 9(15 mg) FI11(7.8 mg) , Fr.
11(2. 37 g) Z ik [ A R S A 6 33 ( Y B/ 7K R 4
20%—100% ) , 45 4 2 il & HPLC ( Cyq F: i £ 4,
25% W/ TRk #40) 15 58k 5 9 3(4. 1 mg,4 mL/
min,t; =18.0 min) , Fr.4(1.01 g) &5t R AHRER A+
s (I KRS8 ,30% —100% ) B4 B Ve A5 2 5
AN (Fr.d.1 ~Fr.4.5)  Hrh Fr. 4.3 250 AR
WA S ( LNE/ K FR G ,20% —60% ) 14 2151 8
(0.9 mg), Fr.6(7.37 g) Zid RAHRER AT (A3 (HH
Pt/ IK R 58 ,20% —T0% ) 16 FE Ve 5 15 214 59 4
(45.7 mg) . Fr. 14 (1.33 g) Zad AR R AT (3%
(WE/ KRG, 10% —90% ) B B pE i 45 2] 7 4
3 (Fr.14.1 ~Fr. 14.7) , Fr. 14. 5 i 53 2£ 41 % HPLC
(Cig2b il 25 #E,50% B /K R 40) 18L& 6
(1.5 mg,4 ml/min,t; =5.0 min) \7(2. 1 mg,4 ml/
min, ¢, =6.4 min) f15(5.5 mg,4 ml/min,t;, =8.5
min) ,Fr. 14. 6 255 A RE AT 0 3% ( FHEE/ 7K R 48,
20% —50% ) , 45 4 >F il % HPLC ( Cyg 2 il & 4E,
25% N/ TRK R 50) 154 EE A9 2(3.5 mg,4 ml/
min, ¢, =10.7 min) ,
1.6 #IEFEMENK

R 96 FLAR B vk s Ak A v L g
0 BT A I R TG P o 3 DU B 40 i) 2 4 (0
BREA, M R 2RI o, 2R TR B, KIGAF B R R
FER AR 100 pg/mL VAL, BT 4 CUkKAd
M. JCrE 96 fLARAYES 1 FIINA 197. 44 pL KA
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(1) LB WA 5225 (0. 3% 4+ N, 0. 2% BEBER ¥y,
1% B 5,0.5% NaCl,pH 7.5) 45 2 ~ 12 % Jin A
100 pL KA A LB WA Sk 55 1 5 A 2. 56
wL R &8, RS G, R REC R E 1L
G155 11 BN INBEFE R BT IR 56 12 SIS In 24k
NS IR, B 100 WL 5 R (1 x 10° ~ 2 x 10°
CFU/mL) fil A% 100 mL LB 355 | 1R ) 15995 5
FREW . BU100 Wl i A bR il 8 4 1 JC i 96 FLAR
(IEE 1 ~10 F1 K55 12 B B, 265 1 ~ 10 FL N E
4350k 64 .32 .16 .8 .4.2.1.0.5.0.25.0. 125 pg/
mL, # 37 CHEIRIFIFRAAEE IR 18 ~22 h WL R,
izl R IR, Ul B AR N MR B 1 A W e
WG . A FLN T, U /N L PN 40 R 5 A 9
il A K IR BE R Al A X 1 R TR ) SR A8 24 W ke
JE(MIC) ,
2 BR55H
2.1 SHHEE

WEW 1 S IR Y ; 5+ & CGH, 0,5
e [aly +14.0(c 0.1, MeOH) ; UV ( CH,OH)
A, (log £)203(3.64) nm; ECD(MeOH) A, ( Ag)
195(-1.99),210 (0. 17) nm; H AHIFIEE Jy 3; HR-
ESI-MS:m/z 177.087 7 [M + Na] " (caled for CoH,,
0,Na,177.089 1) ; 2L /MEHETE 3 4122 928 |1 597 .1
597 .1 391 .1 106 F1 1 027 em™ 47 H#fF Mg Ui 1, 52 7R
HA I WO 3L Bk DUERE B A 1A RN R B 3, 3
1" C NMR (125 MHz) #1 DEPT a] 401, iZ Ak & ¥4t 4
9 ANk, LG PN H 3 8, 52. 6 (C-5) Fi1 68. 9 ( C-
6),—MIEH%ES,35.2(C4) , =I5, 18.8(C-
7)8:7.8(C-8)F1 6, 17.1(C9) , AR TRk S,
136.9 (C-2) F1 173.7(C-3), LI F& — A~ 3 3% 5,
212.6(C-1) ., 1L&% COSY jE& 24 1 H,-7/H-6/H-
5/H,4 AR5 (B 1) . fEfLG P89 HMBC %
Bl (& 1),H,-8 5 C-1,C2 F1 C3 fHG; H, 9 5
C-2.C-3 fil C4 M3 H-6 1 C-1 MR, ZEA VL Lk
KI5 B, e % AL & W45 H9  5-(1-hydroxyeth-
yl)-2,3-dimethylcyclopent-2-en-1 -one'” (1), Bty
%K clavatone , L&) 1 RN S5 F 5 & B0 dE D h
&1 0] MAS T E I’ 5037 N 2% (www. trew. ac. en) o

O

HO —Jl—
/ Q?
“NHMBC == COSY

1 L& 1 1 HMBC #0 COSY HX{ES
Fig. 1 Key HMBC and COSY correlations of compound 1

*£1 &% 1 8'HNMR(500 MHz) #1°C
NMR (125 MHz) #{#% (CD,0D)

Table 1 'H NMR(500 MHz) and *C NMR
(125 MHz) data of compound 1( CD,0D)
Position é¢ &y (J in Hz)
1 212.6 s -
2 136.9 s -
3 173.7 s -
4 35.2 ¢ 2.62(1H, overlap)
2.45(1H,br d,18.3)
5 52.6d 2.60(1H,overlap)
6 68.9 d 4.05(1H,m)
7 18.8 q 1.05(3H,d,6.4)
8 7.8q 1.65(3H,s)
9 17.1 q 2.10(3H,s)

wEWm2 Ry ;5= C,Hy,N,O,;
ESI-MS:m/z 395 [M + Na]*;'H NMR (500 MHz,
DMSO-dg)6:7.17(1H,d,J = 7.9 Hz,H-7/7") ,7. 11
(1H,d,J = 7.8 Hz,H4/4") ,6.87(1H,t,] = 7.5
Hz,H-5/5"),6.78(1H,t,J = 7.5 Hz,H-6/6") ,6.40
(1H,s,H-2/2"),3.69(1H,s,H-11/11") ,2.51 (1H,
dd,J = 14.2,3.4 Hz,H-10a/10"a) ,1.97 (1H,dd, J
= 14.2,5.8 Hz,H-10b/10'b) ;C NMR (125 MHz,
DMSO-d,)8:124.5(d,C2/2"),111.4(s,C-3/3"),
108.8(d,C4/4"),121.0(d,C-5/5") ,118.7(d,C-6/
6"),118.5(d,C-7/7"),136.1(s,C-8/8") ,127. 4 (s,
C-9/9"),30. 1 (t, C-10/10"),55. 4 (d, C-11/11"),
166.9(s,C-12/12") . LA % 5 30k ™ i 8 S A
— 3, e A AW Cyclo(L-Trp-L-Trp) .

LEWM I wAMRY; 55128 CGHN,O0,;
ESI-MS: m/z 161 [ M-H ] ;'H NMR (500 MHz,
CD,0D)§:7.83(1H,d,J = 7.5 Hz,H-5),7.58
(1H,t,J = 7.2 Hz,H-7),7.12(1H,m,H-6),7. 12
(1H,m,H-8);”C NMR (125 MHz, CD,0D)§:150. 3
(s,C2),162.9(s,C4),127.0(d,C-5),122.4(d,
C-6),135.0(d,C-7),115.4(d,C-8),114.3 (s, C-
4a),140.8(s,C-8a) . DL ¥ 5 SCk' 458 3k A
—5, W E iz S 2,4 (1H ,3H) -quinazolined-
ione

LEW4 HEBmARY; 5FXh C H,0;;
ESI-MS: m/z 179 [ M-H];'H NMR (500 MHz,
CD,0D)8:7.26 (1H,s, H6"),2. 28 (3H, s, H-1) ,
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1.95(3H,s, H8"), 1. 85 (3H,s, H-7");” C NMR
(125 MHz,CD,0D)§:26.1(q,C-1),203.7(s,C-2),
113.4(s,C-1"),162.0(s,C2"),111.2(s,C-3"),
161.1(s,C4"),116.3(s,C-5"),130.8(d,C-6"),7.
9(q,C-7"),16.2(q,C-8") . LA F a5 3ck' ™" 2
T A B, B 2 Z AL B R clavatol

wEWS EEWRY; 1A G H, Og;
ESI-MS:m/z 473 [ M +Cl] ;'H NMR (500 MHz, DM-
SO-d,)8:6.94 (1H,s, H-6/6"),5. 56 (1H, s, H-3/
3'),3. 89 (3H, s, H-11/11"), 3. 68 (3H, s, H-13/
13"),2.64 (3H,s,H-12/12") ;" C-NMR ( 125 MHz,
DMSO-d,)5:161.5 (s, C2/2"),87.5(d, C-3/3"),
169.5(s,C4/4"),138.4(s,C-5/5") ,111.7(d,C-6/
6'),59.3(s,C-7/7"),107.7(s,C-8/8") ,152.9(s,C-
9/9'),106. 8 (s, C-10/10"),56. 8 (q, C-11/11"),
23.6(q,C-12/12"),56.2(q,C-13/13") , Dk b %iR
5Ok R AR — B, WO E AL AR kota-
nin,

wEWme IREEIARY; 531 H C,H Oy
ESI-MS:m/z 409 [ M-H] ;'H NMR (500 MHz, DM-
SO-dy) 8:6.41 (1H, s, H-6/6') ,5.33 (1H, s, H-3/
3'),3.82 (3H, s, H-11/11"), 2.45 (3H, s, H-12/
12");°C NMR(125 MHz,DMSO-d, )§:170. 0(s,C-2/
2'),85.1(d,C3/3"),154.3(s,C4/4") ,135.8 (s,
C-5/5'),118.3 (d, C-6/6"), 156.4 (s, C-7/7"),
109. 1(s,C-8/8"),162.1(s,C-9/9") ,107. 1(s,C-10/
10"),56.3(q,C-11/11") ,23.3(q,C-12/12") . VI E
B 5 cHk " s B A —F B AL S R
orlandin,

WEWT IREOHRY ;53 F Xl CHy Oy
ESI-MS.m/z 423 [ M-H] ;'H NMR (500 MHz, DM-
SO-d,)5:6.88(1H,s,H-6) ,6.49(1H,s,H-6"),5.52
(1H,s,H3),5.34(1H,s,H3"),3.86 (3H, s, H-
11),3.82(3H,s,H-11"),3.64 (3H,s,H-13) ,2.61
(3H,s,H-12),2.45(3H, s, H-12") ;" C NMR (125
MHz, DMSO-d, ) §:162.1 (s, C-2),87.4 (d, C-3),
170.1(s, C4),137.7 (s,C5),111.6 (d, C6),
159.5(s,C-7),107.0(s,C-8),153.2(s,C-9),109. 8
(s,C-10),56.8(q,C-11),23.6(q,C-12),21.4(q,
C-13),161.8(s,C-2"),87.4(d,C-3"),169.6 (s, C-
4'),136.9 (s,C-5"),111.2(d, C-6"),159.5 (s, C-
7'),105.4 (s,C-8'),154.1(s,C9"),107.6 (s, C-
10"),56.1(q,C-11") ,23.4(q,C-12") ., VI E%¥4R S

SCHk " e A8, S E AR desmethylkota-
nin,

wEwms %@{E%%,ﬁj\¥iﬁﬂf’ C,HN, 0,5
ESI-MS: m/z 217 [ M-H ] ;'H NMR ( 500 MHz,
CD,0D)é§:8.31 (1H,d,J = 7.7 Hz,H-2),7.68
(1H,d,J = 7.7 Hz,H-7),7.76(1H,t,J = 7.7 Hz,
H-8),7.51(1H,t,J = 7.7 Hz,H-1) ,4.57(1H,d,J
= 3.7 Hz,H9),2.32(1H,m,H-10) ,1. 15(3H,d,J
= 6.9 Hz, H-12),0.92 (3H,d,J = 6.8 Hz, H-
11);”C NMR (125 MHz,CD,0D)§:135.0(d,C-1),
127.3(d, C2),126.9 (s, C-3),156.9 (s, C4),
148.5(s,C-5),141.1 (s, C-6),126.8 (d, C-7),
136.7(d,C-8),75.5(d,C9),33.8(d,C-10),19.3
(q,C-11),15.7(q, C-12) o BL - HHE 5 3emk' ™ 4z
THHEA — B, s 2 %A 5 W08 (S) -2-(1-hydroxy-
2 ,2-dimethylpropyl ) quinazolin4 (3H) -one,,

wEW 9 wmREOHRY; T A C H,
N,0,; ESI-MS :m/z 259 [M-H] ;'H NMR(500 MHz,
CD,0D)é§:8.20(1H,d,J = 7.9 Hz,H-2),7.82
(1H,t,J = 7.9 Hz,H-8) ,7.68(1H,d,J = 7.9 Hz,
H-7),7.53(1H,t,J = 7.9 Hz,H-1),5.14(1H,d,J
=7.9 Hz,H9),2.30(1H,m,H-10) ,2. 16 (3H, s,
H-14),1.06(3H,d,J = 6.6 Hz,H-12),0.98 (3H,
d,J] = 6.8 Hz,H-11);”C NMR(125 MHz,CD,0D)
5:128.2(d,C-1),127.2(d,C-2),119.4(s,C-3),
160.5(s,C4) ,154.2(s,C-5),146.0(s,C-6),128.0
(d,C-7),136.0(d,C-8),79.6(d,C9),33.1(d, C-
10),18.8 (q,C-11),18.4 (q, C-12),172.2 (s, C-
13),20.6(q,C-14) . DI b #de 5 Scmk' ™ 4Rl s A
— 2, O E Z AL S W (S) -2-methyl-1-(4-0x0-3, 4-
dihydroquinazolin-2-yl) propyl acetate,
2.2 MEEENXER

Xb o B A 2 B R A& o3 5 HEA T £ BERR B
TREEATI 4 355 PR A R TS M X, £ T EL BB 5 AT B
e B EY 1 R R4 K BA —E R
i AE R, fe /NI (MIC) 2 2 pg/mL, L5 )
4.9 Xof 4 0 4 BRI A — 52 BRI VE A, F N
TV 1 pg/mL FT4 we/mL, fLEH) S XAk
i ZF SRR BT — XE RO 0 3 4 T, S5 /D300 6l 3 2 33
M8 pg/mL, LG 4.5.9 WEMRFEA —E 1
HAE R e/ NI A BE 23500 g 4.4 18 pg/mL, DL
x2,
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o) 5 4 (e} H
HO 5 5 it N_ 7
2 -8 6 \ 12 "NH 2'\ 6
& Q 79N\t J2 HN iz { .
¥ g H 10" i 5
o
1 2
i

1
(e] < 5
5 B
821 2 5 3
e H/&O 3 4 7
OH

3 4

B2 AW 1~9 MFEE

Fig. 2 Chemical structures of compounds 1-9

R2 HEW1~

9 gy MIC &

Table 2 The MIC values of compounds 1-9

=4

JINI ¥ BE MIC g/ mL)

ay

Compound

SR OMEIRE
Staphylococcus aureus

(ATCC 25923 )

Rl B ZFJEAT T
Bacillus subtilis

(CGMCCI. 3358)

EHTRE
Listeria monocytogenes

(ATCC33090)

KIGHTHE

Escherichia coli

(ATCC11229)

o X T A N R W N -
|
oo

ANRHHEZE  Ampicillin® 0.5

T BHPER IR

Note: " Positive control.
3 #ir

AT ETE HNMF114 % 7= ) vh o3 2515 2]
T OMEEY B 1 AFE G Y R IRES AL AT
IR GRS MR RN IR RS AR BURE
M B HAE G 1R I B A BA B iy
PHIVER], SR/ MR EE (MIC) 28 2 wg/mL, (b &)
4.9 X e O A BRE A MRER] . XL s Pk
A s CTERRGREE G IS . AR HRGER S Y S
16 Xt Tl T) B AT B A o e o
KB — K EER & BRI EY), AHOCHE
TR A A WA T 2 2 e C-0'7 T
AR iR BV . TR PE R T b 2 B
B ZEREE " 50E Y 2 B, i A
A% 45 ¥ 7 nocardioazine A #IIFIH &2— N IRE H
HMEAE P-BEEE AR AN s S R, th R 2

AR E AT 22 T A2 W ) 5, A5 1T BAAE
AT R BT B 45 ) — LE LT, O ELAR 3 FCIA
FATGREETA " o AR DR A AR A T A
WL, T 7 R ARG, ELR B A ) s AR
TR Je T4 G R 21 2 AR AR BOR R
i A o TR O A A 7 M AR A A, D 3 BT
AT 2 1 B A OB B DR R PR B

Bt : o B AR R AL B AR A HABT R
Bt e 5 B % 8 AR P R0 3 ik S A A B

&% 3k
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