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Secondary metabolites of the endophytic fungus Aspergillus sp.Dg-25 from

barnacle
CAI Caihong'?, ZHENG Hao'?, GAI Cuijuan'?, DAI Haofu'?, MEI Wenli'?, CHEN Huiqin"*"

'Hainan Provincial Key Laboratory for Research and Development of Natural Product from Li Folk Medicine, Institute of Tropical
Bioscience and Biotechnology, Chinese Academy of Tropical Agricultural Sciences, Haikou 571101; *Hainan Institute for Tropical
Agricultural Resources, Haikou 571101, China

Abstract The chemical constituents of solid rice culture of the endophytic fungus Aspergillus sp. Dq-25 from
barnacle were isolated and purified by silica gel, Sephadex LH-20, C,sreversed silica gel column chromatography
and recrystallization. Their structures were identified by the physical and chemical properties, and by various
spectroscopic methods. Six compounds were isolated and identified as: demethyldihydropenicillic acid (1), dihy-
dropenicillic acid (2), penicillic acid (3), fortisterol (4), 22FE, 24R-3P, 5a-dihydroxyerogosta-7, 22-diene-6-one
(5), and (22E, 24R)-ergosterol-7, 22-diene-3B, Sa, 9a-triol-6-one (6). Compound 1 was a new butyrolactone. MTT
method was used to analyze cytotoxicity, and the result showed that compound 3 exhibited inhibitory activity on
five cell lines, including K562, HelLa, SGC-7901, A542 and BEL-7402, with 1C;, values of 38. 0 ~ 105. 0 mol/L.

Key words barnacle; endophytic fungus; Aspergillus sp.; y-butyrolactone; chemical constituents; isolation and

identification; cytotoxicity
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VRSP Rl A 0 R O T R R ) T 3 R T
FRRFRIE A AN [ T R b el A ) R A i A A
B AR AR, ol B 7 A R B A R T B A S
W i EE R 2 e A2 B AR IR K T B
ShEEY) L/ e sh Yy, S uk i oK T A ALY AR
A7, T RRER A0 AR PR AL, A2 18 i KRG AR e
P, SRR E 2R T EEXRR.
TR A S A B AR LA TR A B R DT
R 2 DR B T AT BE A8 ) A 2 R R LT 1
AU A ™ 0 o AT R DATEEPE B N 2B TR
WO BT RO AR S B B A BURE Y TR TR
S5 PR B BT B, RO I R AR ) Y
KRz —.

A B 9T & BBk A N AR LR Aspergillus sp.

Figure 1  Structures of compounds 1-6 from Aspergillus sp. Dq-25

1 # R

.1 &K 5

Sephadex LH-20(f& Sigma-Aldrich T ;G
FARRE RS (H AR Fuji 28 7)) 5 4 035 £E 8 G (200 ~
300,60 ~ 80 H ) . )2 (438 ik e H (5 &5 vk T
J7) 5 W4A (75 [ Sigma-Aldrich 235 ) s MTT (b 504
FERHABRA D) AT CR B B
B 7)) 5 HoAth a0 12 S i B 43 B 4k
1.2 A %

Compact iYL , Avance 111 500 #% i 397 i 1%
X CTMS 2y A5 ) (78[5 Bruker 24 7] ) ; Autopol Il fiE
AL (5 [ Rudolph 22 7] ) 5 J-815 [l — A 3% AL ( H A
Jasco 23 H] ) 5 SB-1100 Ji€ % 75 & A ( H A Eyela 24
A )5 1260 4347 5 HPLC, B & 1260 Infinity 11 PUIT
X Agilent DAD G1315D 5 I #§ ( € [ Agilent 23

Dq-25 YR K 8T e 18 7 ) AT S5 B0 e e 47
P, T E T A P A LR 1 HE AN 2 0
AWFFETT & T RZTE R IOK AL 1 7 1) LR &

REEEC) B AL = OB, P B4R 3 1 64
5, Horp 4% 34 T INERZE AL W) demethyldi-
hydropenicillic acid (1) . dihydropenicillic acid (2) .
penicillic acid (3) , 1 3 /™ § (&K 2 1k & 9 fortisterol
(4) \22E ,24R-3P, 5a-dihydroxyerogosta-7, 22-diene-
6-one(5) 1 (22F, 24R)-4 i §§-7,22-—J#-3B, 5,
9a- = E-6-F (6) (] 1) o b 1B LG
Yo XMEEW 1 ~ 34T A0 EE TG PR i , 45 2R Kk
BAL G Y 3568 Z2 Foh i e 20 AR 2 A — 2 B A A
i 75 ], £ 45 K562 . HeLa .SGC-7901,A549 Fil BEL-
7402, H:1C,, 24 38. 0 ~ 105. 0 wmol/L.

] ) ; SUMMIT p680A > il £ % HPLC, it & P680A
DU JG %l PDA-100 %8 h/RT WL — 045 [ 9] K6 ) 2%
(5% [ Dionex 23 1 ) 5 43 M Fl 2 il 45 20 € 2335 4
( H 7% Nacalai Tesque ST ) ;s Multiskan FC i F1 4%
( 2% [ Thermo Scientific 2\ 7)) ; BSA224S Ji 43 2 —
RV BRI KA BRAF]) o
1.3 Hidedm etk

IR SZIG B KR Aspergillus sp. Dq-25 T 2018 4F 8
H =R A W e b oy B R AT LA T v
Pt gl Bl 2 B s AR DB AR ST T, B AR G
44 20180825Dg-25.

2 A N D 1 O A B K562 N S
T B HeLa . A S 9 41 L SGC-7901 A fii J2 41 fifd
A549 F1 95 41 s BEL-7402 310 [ b [E Rl b
MR .
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2 F &

2.1 WK BE

T PR 7E 5 T %) B B IS (potato dextrose
agar, PDA) BiF2 5L G AL )5 , #2215 45 PDA Wi 4
B ny =i, BT 28 °C.200 r/min YRR
PR FE 2 dVE AR Pl | L=MPa ARk
100. 0 g . NaCl 3.3 g fll7K 110 mL, 7£ 121 'C& U4 T
KB 20 min, B 2 E G, B E AR TR
10 mL, & T #EH R 30 d.
2.2 RBFafH B

Bk L BELE R , FH 2R TR H B 3 38, [ i
GIFCMRCTRAR BRI 4G , 3545 LR L TR )
132.6 g.

FEHR I 28 38 8 A A s, DA Tl ik - 2
fik TG (1002 1—1: 1) Fl 58 H Jog- FH (50 1—-0:
DB EEPERL , 7580 15 9 (Fr. 1 ~ Fr. 15) . Fr. 6
(1.5 g, AMEE-2 12 TR (2: DRBER Y 1408 C g
SRR RE A i, DL - K (42 1—1:0) A sh A
Ve 2] 8 MR (Fr. 6. 1 ~ Fr. 6. 8) , Hih Fr. 6. 3
(833.5 mg, HEE-7K (3: DML AT 1) S hk A 1
%, LU - 2R O BE (100: 1—1: 1) AR shHH) 13
7AW A (Fr. 6.3.1 ~ Fr. 6.3.7) , Fr. 6.3. 1
[113. 6 mg, £1iHfik- 2R 216 (100: 1) PEMi i 6y 1 7
ZRRECHE 3, Ui EE- PR (100: 1301 1) A3
AR, B i 2 G 5(1.3 mg) . Fr. 6.4
[940. 8 mg, I EE-7K (3: 1) YEME I 40 | 28 Sephadex
LH-20 4t 35 , DAG - B (1: D) A3 sh A, 735
S5 1247, Fr. 6. 4. 4(97. 4 mg) 25k I FE (3,
T DL EE- 2R B (300 1— 102 1) AT s,
FhEEVEAS 2659 6(19. 0 mg) .

Fr. 8[3.2 g, A1 i EE- 2 R 1R (1: 1) BRI
3 1 4% Sephadex LH-20 #1835 ( FH B2 R 8 s AH ) 43
BAEE 10 N Ay (Fr. 8.1 ~ Fr. 8.10) . H |
Fr. 8. 4 2 F 45 & (i) i Ak 2675 (1 6 S IR ENfL &
) 3(420.6 mg) . Fr. 8.2(763.5 mg) Z: bk i A1 4
T LA EE- 2R B8 (80: 1—10: D BREEVEI , 15
F 10y (Fr. 8.2.1 ~ Fr. 8.2.10) . tb&¥2
(20.9 mg) 5 Fr. 8.2. 3[87. 7 mg, 1 k-2 R
LG (60: 1) PEML iy | A ik AT (i, LU i k-2
R < T (60: 1—1: 1) # B Uk M 6 ik 5 153 3 .
Fr. 8.3(258. 8 mg) Z8 Ak AT (i, LU A v ik - £ 1R

& Mg (80: 1—10: 1) A6 J& Uk B 15 3 8 4> Wi 1y
Fr. 8.3.5098. 8 mg, f1 i fik- £ 2 £ T (40: 1) PEJBE
AR ] 28 Sk AT B3, 3 ) DA = G - AT B
(200: 1) A7 i Ak - — G H e -5 N B (7:5:0.4)
A, AR A Y 1(1. 2 mg) .

Fr. 9[ 1.8 g, £ i fik- £ 2 £ B8 (1: 1) ¥k B 3
i3 122 Sephadex LH-20 #3 {6 3% ( B Bk 38 sl A1) 43
B E 14 DAY (Fr. 9.1 ~ Fr. 9.14) . Fr. 9.2
(392.5 mg) FH A e A €8 3% LA A i Bk - 2 1R & 1R
(80: 1—10: D EAEEVERL , A543 100 (Fr. 9. 2. 1 ~
Fr.9.2.10), Fr.9.2.1[78.3 mg, f1ilifik-2 02 &
fif (80 1) VB Aty 1 48 2 52 ik e A (535, 43 31 L —
S BE-TR R (200 1) 1A I k- — 50 FF e - S 1
(7:5:0.4) KoM, AEMEEY4(1. 4 mg) .
2.3 fmiadE R

SR FH MTT 325756 43 B A5 2 (0 A A 647 40 g
BENG PRI, 20 MR AL 45 - 12 P D 1 s 2
Jifl K562, A B %009 40 il Hela . A B 9% 41 Jifd SGC-
7901 AT 98 41 L AS549 FT 9 41 Jifd BEL-7402.
B M4 W [ R B LT A A R R 5
2 L

3 £R59H

3.1 EaEE

AR ITS 17 51 55 BLAST %0408 12 98 47 [] 8 L Xt
YE IR RE Dq-25 S BT Aspergillus sp. o 1§ ITSJ¥
HIHEAE GenBank, JR 154 5% 5 : ON357962,
3.2 &M% R

b1 TEGEH;[al) +256(c0.1,
MeOH) ; HR-ESI-MS m/z 181. 049 1[M + Na* (Caled.
for C,H,0,Na, 181. 047 1), #fi 2 Hoor 7200 C,H,0,,
AMEFE N 3, °C NMR A1 DEPT(CD,0D, 125 MHz)
WER(FRDILERE 7RG S, 454 'HNMR
(CD;0D, 500 MHz) i €l (& 1) Fl HSQC 3% &l 73 #r
KL, AR T B 1A B B S (6, 7. 5446, 0. 88
(3H,t,J =7.5 Hz, H-6) ] .1 M H HEF 5
[6.60.4/ 8, 3.93(3H,s,0CH,) ] .1 M 3 {55
(6,29.9/8,1.94(1H,dq,J = 15.0,7. 4 Hz,H-5a)
8, 1.86(1H,dq,J = 14.7,7. 4 Hz,H-58) ] .1 2=
55 [6,105.8(C-4) ] .1 41 = HUAL Xk (5 5
[6.181.7(C-3);6.89.9/8,5.22(1H,s,H-2) | Fil 1
MRIEAF S [6:.173.2(C-1) | BAb & 1 B9 Pk
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Table 1 'H and ""C NMR spectroscopic data of compound 1 (CD,0D,
MHz 500/125 MHz)

No. 5, 8y

1 173.2 -

2 89.9 5.22(1H,5)

3 181.7 -

4 105.8 -

S 200 1.94(1H, dq, J = 15.0, 7.5 Hz)
1.86(1H, dq, J = 14.7,7.5 Hz)

6 7.54 0.88(3H, 1, J = 7.5 Hz)

OCH, 60.4 3.93(3H, s)

B 5 2 M T WEEZE LA Y dihydropenicillic
acid ™% f, BB 55 AR E AL, FZE X GE T
AT T IAHEGFS IR EGS,
Z T 1P WHHAF56.29.9/6, 1.94(1H,dq, ] =
15.0,7.5 Hz, H-5a) ; 6, 1. 86 (1H, dq, J = 14.7,
7.5 Hz,H-58) |, FF H. F JLiég iy JR (18 XL A5 Sk —
H[6.7.54/6,0.88(3H,t,J=7.5Hz,H-6) ], 2
NEEY) 1N E FILE W) dihydropenicillic acid 437
) S N S0 I AT R AT A= . 76 HMBC 3% rp
(1 2) M g2 3 B 3L {5 5 6, 0. 88 (H,-6) 5 5.105. 8
(C-4) F18,29.9(C-5) FH HHXAF 5,8, 1. 94 (H-5a)
16, 1.86(H-58) 5 8.181.7(C-3) .8.105. 8(C-4)
M 8.7.54 (C-6) f1 #H X {5 5,68, 5.22(H-2) &5
8.173.2(C-1)F16,105. 8(C-4) A HKA5S, I I
8, 3.93(OCH,) 5 6.181.7(C-3) H H X5 5, 45
4 'H-'"H COSY H1 8, 1. 94(H-5a) #18,, 1. 86 (H-58)
56, 0.88(H,-6) AHH LA S IEHiZb &M 5 E
WAL SR> T AL, 5t 2.

2

i@ — 'H-'H COSY
0 Y ~~ HMBC

Figure 2 Key HMBC and "H-"H COSY correlations of compound 1

R 4 I 3 CD B3 76 210 nm ) BEIE 1 Cotton
RV (Ae = 1.46,c¢ = 6.4x107 mol/L) , 55 5, 6-dihy-
dro-6-hydroxypenicillic acid™ —F, T HE W 4 A7 19
XN S 25 ERTIR LA 1 B K E
demethyldihydropenicillic acid , Z82¥ [ SCHR , iz 1b &
Yo —H e a Y.

a2 Jofgs i (CH,OH) ; ESI-MS m/z
195.3[M + Na]*; '"H NMR (CD,0D, 500 MHz) §,:
5.20(1H,s,H-2),3.92(3H,s,H-0OCH,),2. 12(1H,

m,H-5),1.04(3H,d,J =6.8,H-6),0.88(3H,d,
J = 6.9, H-7) ; "C NMR (CD,0D, 125 MHz) §.:
173.5(C-1),90.0(C-2),182.2(C-3),107.2(C-4),
34.7 (C-5) , 16.1 (C-6) , 16.8 (C-7) , 60.3 (C-
OCH,) . DA I %cds 5 3Cik [8-9 [ il HeA — 3, i
Y SE AL E W) 2 4 dihydropenicillic acid o

b3 TG4 (CH,O0H) ; ESI-MS m/z
193.2[M + Na]*;'H NMR (CD,0D, 500 MHz) §,,:
5.39(1H,s,H-6a),5.27(1H,s,H-2),5. 14(1H,s,
H-6b),3.92(3H,s, H-OCH;) , 1. 74(3H,s, C-7) ;
BC NMR (CDOD,, 125 MHz) §.:173.3(C-1),89.9
(C-2),181.8(C-3), 104.6(C-4) , 141.6(C-5) ,
116.1(C-6),17.6(C-7),60.6(C-OCH,) . A %
5 5 SCHER [ 8-9 | il A — B, s b B3R
penicillic acid o

b4 Tt R (CH,0H) ; ESI-MS m/z
425.1[M + H]*;'H NMR (DMSO-d,, 500 MHz) §,,:
5.65(1H,s,H-4),5.57(1H,s,H-7),5.25(1H, dd,
J=15.3,7.5 Hz,H-23) ,5. 16 (1H, dd, J = 15. 3,
8.3 Hz,H-22),2.82(1H, m, H-9),2.69(1H, ddd,
J=18.5,14.7,5.0 Hz, H-2a) ,2.31(1H, dd, J =
12.0, 6.4 Hz, H-14) ,2. 14 ~ 2. 24 (2H, m, H-1a,
2b),2.02(1H, m, H-20) , 1.94 (1H, m, H-12a) ,
1.91 ~ 1.83(2H, m, H-1b, 15a,24) , 1. 64 ~ 1.72
(1H, m, H-16a) ,1.43 ~ 1.56(4H, m, H-11a, 12b,
15b,25),1.34 ~ 1.40(2H, m, H-11b, 17) , 1. 20 ~
1.31(1H,m,H-16b),1. 10(3H,s,H-19),1. 00(3H,
d,J=6.6 Hz,H-21),0.88(3H,d,J = 6.8 Hz, H-
28),0.81(3H,d,J =7.0 Hz,H-26),0.79(3H,d,
J=17.0 Hz, H-27) ,0.57 (3H, s, H-18) ; "C NMR
(DMSO-d,, 500 MHz) §.:33.4(C-1),32.9(C-2) ,
198.4(C-3),113.8(C-4),173.6(C-5) ,161.9(C-
6),111.8(C-7),161.1(C-8),46.0(C-9),39.9(C-
10),21.9(C-11),37.9(C-12) ,46.7(C-13),56. 7
(C-14) ,24.9(C-15) ,27.5(C-16) , 56.3(C-17) ,
12.1(C-18),19.4(C-19) , 39.7 (C-20) , 20.9 (C-
21),135.0(C-22),131. 8(C-23),42.0(C-24),32.5
(C-25),19.4(C-26),19.8(C-27),17.3(C-28). LA
R 5 SRR AR B e B 4R
fortisterol .

&5 [ E & (CH,O0H) ; ESI-MS m/z
451.3[M + NaJ*;'H NMR (actone-d,, 500 MHz) §,,:
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5.47(1H,br s, H-7) ,5.29(1H,dd, J = 15.3,7.4
Hz,H-23),5.23(2H,dd, J = 15.3,8. 1 Hz, H-22),
3.95(1H,m,H-3),2.60(1H,m,H-9),2.06 ~ 2. 19
(4H, m, H-4a, 12a, 14,20) , 1. 88 (1H, m, H-24) ,
1.72 ~ 1.84 (4H, m, H-1a, 1b, 11a, 16a) , 1.55 ~
1.68(4H,m,H-2a,4b,11b,15a),1. 45 ~ 1. 53(3H,
m,H-12b,15b,25),1.36 ~ 1. 43(3H,m,H-2b, 16b,
17),1.06(3H,d,J = 6.6 Hz,H-21),0.94(3H,d,
J=6.8Hz,H-28),0.91(3H,s,H-19),0. 86(3H,d,
J=6.9 Hz,H-26),0.84(3H,d,J = 6.9 Hz,H-27),
0.65(3H,s, H-18) ; *C NMR (actone-d,, 125 MHz)
8.:31.5(C-1),31.3(C-2),67.1(C-3),37.1(C-4),
77.7(C-5),198.9(C-6),120. 5(C-7),164. 0(C-8),
44.6(C-9),41.2(C-10),22.5(C-11),39.7(C-12),
45.2(C-13) ,56.2(C-14) ,23.2(C-15) , 28.7 (C-
16),56.8(C-17),12.9(C-18),16.6(C-19) ,41.2
(C-20),21.5(C-21),136.3(C-22),133.0(C-23),
43.7(C-24) ,33.8(C-25) ,20.3(C-26) ,20.0(C-
27),18.0(C-28) . LA b &di 5 SCHk e i B AR —
H; % B A Y 5 N 22, 24R-3P, Sa-dihy-
droxyerogosta-7,22-diene-6-one

a6 H K AK(CHOH) ; ESI-MS m/z
445.3[M + H]*;'H NMR (CD,0D, 500 MHz) &,:
5.58(1H,d,J = 2.0 Hz,H-7),5.21 (1H, dd, J =
15.3,7.5 Hz, H-23) ,5. 14(1H, dd, J = 15.3,8. 1

Table 2  Cytotoxicity of compound 3 (¥ + s,n = 3)

Hz,H-22),3.93(1H, m, H-3),2.72(1H, ddd, J =
11.9,6.8,2. 1 Hz, H-14) ,2. 28 (1H,td, J = 13.9,
4.00 Hz, H-1a) , 1.98 ~ 2. 04 (2H, m, H-4a, 20) ,
1.77 ~ 1.93(5H, m, H-2a, 11a, 11b, 12a, 16a,24) ,
1.71(1H, m,H-12b) , 1. 63(1H,dd,J = 14.1,11.5
Hz,H-4b),1.58(1H, m,H-15a),1.38 ~ 1. 50(5H,
m, H-1b, 2b, 15b, 17,25) , 1. 33 (1H, m, H-16b) ,
1.00(3H,d,J=6.6 Hz,H-21),0.96(3H,s,H-19),
0.89(3H,d,J = 6.8 Hz, H-28) ,0.81(3H,d, J =
6.7 Hz, H-26) ,0.80(3H, d, J = 6.7 Hz, H-27) ,
0.60(3H,s,H-18);"*C NMR(CD,0D, 125 MHz) §,.:
26.0(C-1),30.1(C-2),67.1(C-3),36.4(C-4),
79.5(C-5),199. 8(C-6),120.3(C-7),164. 8(C-8),
75.4(C-9) 42.1(C-10),28.8(C-11),35.8(C-12),
45.6(C-13),52.2(C-14) ,22.9(C-15) , 28. 4 (C-
16),56.6(C-17),12.6(C-18),20.4(C-19) ,40. 8
(C-20),21.4(C-21),135.7(C-22),133.0(C-23),
43.4(C-24) ,33.6(C-25),20.2(C-26) ,19.9(C-
27),17.9(C-28) . DA B8 5 3R [ 12 4 He A
— B, ML E Y 6 M (22F,24R) - ff1 (55 -7,22-
—J5-38, 50, Y- — [EE-6-1if
3.3 e AEEIRIEER
X B AR 2L A0 1 ~ 33047 40 B 253 P O
Ve, KA W) 3 %) K562, HelLa,SGC-7901 , A549
%ﬂ BEL-7402 147 — & AMHIVE R , 455 3R 2 i .

1C,/(umol/L)
Compd. -
K562 HelLa SGC-7901 A549 BEL-7402
3 38.78 £ 0.11 104.77 + 0.36 45.78 +0.55 56.01 +0.36 65.56 + 0.55
Cisplatin 3.08 £ 0.05 4.02 +0.06 4.11+0.02 1.93 +0.02 4.02 + 0.06
Taxol 1.04 £0.13 1.02 + 0.09 1.44 +0.48 3.81 £0.26 0.76 + 0.04
4 it i ok, T NBEEAL & W2 BA TOTAR AN

AW 58 M BE 4 N AE BLTA Aspergillus sp. Dg-25
hIL D EAE T o MER Y, A 3 T N AL
EEyER R A7/ R (g y/B WAE Y ey
Yy o i 41 EE I R K BT N RIS 3
B — 5 20 M 22 I 1 L (H 1 2 AR 0 3 219 1

ZER X EE , S B DO AAE T 4 (0 BE 4 1 i 107
B HEN AT REAR 7 5 LAY SURE X2 26 A5 W 80 240
HL B 6 T AT — E RO e HEAE T (R 75 B 2 525G

E%,Eﬁf”YZE’\JE%Yﬁ'@,@%h%‘3 NN
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