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Secondary metabolites from marine-derived Aspergillus ruber TX-M4-1
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Abstract: Objective To study the secondary metabolites of marine-derived Aspergillus ruber TX-M4-1. Methods The secondary
metabolites were isolated and purified by silica gel column chromatography, gel column chromatography and HPLC methods. The
structures of the compounds were identified by UV, IR, MS and NMR. The antimicrobial, antitumor and antioxidant activities of
compounds were evaluated by 96-well microtiter plate method, CCK-8 method and DPPH method, respectively. Results One new
benzaldehyde compound and 10 compounds with known structures were isolated from the fermentation products of marine-derived
Aspergillus  ruber TX-M4-1. 5'-cis-isotetrahydroauroglaucin (1), 2-(1',5"-heptadienyl)-3,6-dihydroxy-5-(3 "-methyl-2 "-butenyl)
benzaldehyde (2), isodihydroauroglaucin (3), dihydroauroglaucin (4), tetrahydroauroglaucin (5), flavoglaucin (6), B-sitosterol (7),
cholesterol (8), catenarin (9), dehydroechinulin (10) and neoechinulin A (11), respectively. Compounds 1, 5 and 6 exhibited radical
scavenging activity against DPPH with inhibition rates of 61.9%, 88.0% and 91.9% at a DPPH concentration of 20 umol/L,
respectively. Conclusion Compound 1 is a new benzaldehyde. Compounds 1, 5 and 6 exhibited strong antioxidant activity.

Key words: marine-derived Aspergillus ruber TX-M4-1; benzaldehyde; antioxidant activity; 5'-cis-isotetrahydroauroglaucin; flavoglaucin
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Fig.1 Structures of compounds 1—11
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400 MHz). CR-080R ZYF5 5t 7 i i el (AR
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(HZA YMC Group). #2HU/BSHBSER G FBE.
AR T A SRR

— AR LR 23 T T PR B R VR 1) B A
(N21°1'42.97", E109°7'46.29") . £i-Er BRI A KT
A5 RFH|EXT (GenBank accession No. 0L989330),
LE B PR %S 58 N Aspergillus ruber TX-M4-1,
2 ik
2.1 HEHRAEE

Y WAk Aspergillus ruber TX-M4-1 M+
PDA s 7k, 7€ 28 CHE 3d, #HUL ik
FERh T ROKEE 7R (CROK 80 g+ 7K 120 mL) 1Y
HEJEE (1000 mL) Hr, Sk EE IR 32d, K
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HFVE R FE N DNA FOFZEC . 318 LA K e
gtk 3 #o e i b A: T A TR A A BR A 7
Mpitel,
23 FYIRREBRSE
231 WARIREUS] S SR B IR £ B X B AR
Aspergillus ruber TX-M4-1 KIEPAHL 3 IR, €t H1
TR RS 5 155 83.47 g HLIEY
232 PUIIRIC SRAAMHEE. 90% HIE-7K % 2
L ZEH FIRKSRY), 1920A B AT 25.1 ¢, H
B KA 90.16 g CRIZEEZET K.
2.3.3 BB AT BEAE B AT 8 A
A i, SR A AT BB R B8 (1 20410 1.9 ¢
1. 8:1.6:1. 41,21, 1:1.0: 1) BAREEUE
fii, 3t 9 NEREE (Fr. 1~9), MBS 4 RISEE.
A Fr. 2 9, 454K N Fr. 2.1~2.4,Fr. 2.1(100mg)
I HPLC 4% (Cis il 848, FIEE-/K 85 1 15,
AR & 4 mL/min), S2LAY 1 (r=17.1 min,
16.6 mg). 2 (g=16.3 min, 31.3 mg). 3 (r=13.6
min, 2.5mg). 4 (xk=18.1 min, 12 mg). 5 (=
20.2 min, 13 mg) f16 (1r=22.2 min, 18 mg). Fr.2.4
(640 mg) JEIL A i, DA AU B-FEE (1
1D Pefi, TLC A& K% FEE] 5 MR Fr.
2.4.1~2.4.5, Fr. 2.4.1 (350 mg) i@ il FE i kE (a3 Cf
THEE-BERR LB S50 ¢ 1 BefiD, TLC kil & 3645 2

100

&Y 7 ((r="7.1 min, 7.1 mg) 1 8 (1r=10.4 min,
65.1 mg). Fr.3.2 (100 mg) i@id FEFE(it, DL
SR LE-HEE (1D M, TLC Rk4h 51533 6
AN Fr. 3.2.1~3.2.6.Fr. 3.2.5(63 mg) @i HPLC
Hilf (Cis FHl&HE, ZHE-/K 80120, i 4
mL/min), 1521 54 9(1r=6.8 min, 25 mg). Fr.7.2
(164 mg) AT EEIAE A RE, DL & HF - HEE (1:1)
Vel , TLC kil & 64 J5 15 21 3 Moy Fr. 7.2.1~
7.2.3, Fr. 7.2.2 (127 mg) i@iL HPLC #il4% (Cis3¥
Hil A, ZH5-/K 80 1 20, JitE 4 mL/min), 33|k
A% 10 ((k=17.2 min, 62.7 mg). Fr. 7.2.2 (127 mg)
il HPLC |4 (SPFP ¥:Hill &A%, ZME-7K 70 1 30,
AR 4 mL/min), 15214654 11 (k=10.4 min,
4.8 mg).
3 HRENR
31 BEMETELR

Bk TX-M4-1 (1] PCR ¥ 3G 751Ky 502
bp, 5 NCBI %4 1) B8 ¥k [Aspergillus ruber
(OL989330)]1 ITS /74 [FIUE A 100%, 4K HR
ERAKEW LA TR—93C. VD%t E
TX-M4-1 ( GenBank 0L989330) v il % J&
Aspergillus sp. (& 2). BMRAEK— B H GidE—2
MEHLILASREE, HiE 2|, 2ok, 5RiE
PIEARHE—E, SEEER TX-M4-1 RRihE
Aspergillus ruber],

Aspergillus ruber E26 (KX696372.1)
Aspergillus ruber CBS 104.18 (MH854663.1)

Aspergillus ruber FMPV02 (MH244371.1)

TX-M4-1
Aspergillus ruber 3R-3-F02 (KX958045.1)
Aspergillus ruber 2010F7 (MT558925.1)

Penicillium sclerotiorum 99-H (MT594376.1)

Aspergillus flavipes BH (GU566209.1)

2 TX-M4-1 ERIRGA BRPRXRE
Fig. 2 Phylogenetic tree analysis of strain TX-M4-1

32 WEMEMETE

WEY 1. BEamRY; EEFsa Pl
HR-ESI-MS £ m/z 303.195 1 25 ks T 5 1%
[M+H]", R0 FAA CioHaOs; ZLAMEIEZE H
FRIEFNPRIL (3442 cm ! A 1647 cm™) S5 BE )
FEAEMR SIS, UV A2 (nm): 200 (4.33), 224 (3.80)
nm, ZWEWER-AEERKEMER (3 Kot

WSCARAEL, NFERSGEYD, WD R R
th&W. &Y 1 1) BC-NMR 1 HSQC it Bl 45
10 N IEIREL AR (Oc 117.4, 156.0, 128.8, 125.8,
145.1 128.5, 131.1, 125.5, 121.3, 134.0)~ 1 MEEFE (oc
1957). 5 AW H I (6cm 23.8/2.88, 31.4/1.60,
29.4/1.46, 32.4/2.03, 27.1/329)F1 3 ANH I (dcm
18.1/1.64, 17.9/1.69, 26.0/1.76). XLE¥HE 54L&
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A& AR E R (isotetrahydroauroglaucin)
(R AZ R LR B VS H A = AR LAY, AR BE B 5 F e
Rk MEA R BE 20 (WEW 1: dom
131.1/5.40. 125.5/5.41; RVUE & KM E R : don
133.1/5.39. 125.5/5.26), IXSHHRILRILEY 1 1)
AR S R IUE S O RSB R AR, BN
Z 8, (AW 1 1 'H-'H COSY ¥ i 45 HY
H-1'/H-2'/H-3'/H-4'/H-5'/H-6'/H-7', H-1"F1 H-2" {4
K55 (K 3). B HMBC & d Bl 1 8k
SR AR ES (H-1'5 C-2'. C-1. C-5.
C-6 HMKAET; H-2'5 C-3'. C-6 HHIKfET; H-3'
5 C-1'. C-5GMKES: H-4'5 C-3'. C-5. C-6
HHXES; H-5'5 C-7HMKGES; H-6'5 C-4
HEMKES: H75 C-6'. C-THAMFES: HT 5
C-1. C-6 LLJ C-2 HAHHRAMET; 2-OH 5 C-1. C-2
PLF C-3 AHI=M55; H4 5 C-1. C-5. C-6. C-2.
C-1" HMKES: H-1"5 C-2. C-3. C-4. C-2".
C-3"HHHFXAMES; H-2"5 C-4". C-5"HMHKIES;
H-4"5 C-2", C-3". C-5"fAtHXA55; H-5"5 C-2",
C-3". C-4"H{HHFMES) (K 3). 4, NOESY
24 H H-4" (5 2.03) Fl H3-7' (6n 1.64) [FIAHEAE
T XU D ERIE TAAE 1 IS,
Y01 5 SCERIGE HI X B AS S IR B, &
M1 sl S-a-PU A & Bk skt & R .

&Y 2: LEMA, ESI-MS m/z 301.2 [M+
HI*, 4T3 CioH20:3: 'H-NMR (400 MHz, CDCl3)
d: 11.70 (1H, s, 6-OH), 10.08 (1H, s, H-7), 7.02 (1H,
s, H-4), 6.44 (1H, d, J = 16.3 Hz, H-1"), 5.90 (1H, dt,
J=16.2, 6.9 Hz, H-2'), 5.50 (1H, m, H-6"), 5.43 (1H,
m, H-5"), 5.29 (1H, m, H-2"), 3.31 (2H, d, J = 7.6 Hz,
H-1"), 2.40 (2H, q, J = 6.8 Hz, H-3'), 2.22 2H, q, J =
6.8 Hz, H-4"), 1.76 (3H, s, H-4"), 1.70 (3H, m, H-5"),
1.69 (3H, m, H-7"); BC-NMR (100 MHz, CDCl;) §:
196.5 (CH, C-7), 154.7 (C, C-6), 145.0 (C, C-3), 142.1

HMBC -~ MH-'HCOSY===  ROESY #~ "%\

3 &1 WEZE 'H-"H COSY. HMBC #1 NOESY #%
Fig. 3 Key 'H-'H COSY, HMBC, and NOESY correlations of
compound 1

#£1 k&% 18 H- 400 MHz, CDCl3) # 13C- (100 MHz,
CDCl;) NMR #{1#

Table 1 'H- (400 MHz, CDCls) and 3C- (100 MHz, CDCl5)
NMR data of compound 1

/A on oc

1 117.4,C

2 156.0,C

3 128.8,C

4 6.89 (1H, s) 125.8,C

5 145.1,C

6 128.5,C

7 10.24 (1H, s) 195.7, CH
Iy 2.88 (2H,t,J=17.7 Hz) 23.8, CH2
2 1.60 (2H, m) 31.4, CHa
3 1.46 (2H, m) 29.4, CHz
4 2.03 (2H, m) 324, CHa
5! 5.40 (1H, overlapped) 131.1, CH
(Y 5.41 (1H, overlapped) 125.5, CH
7 1.64 3H,d,J=7.2 Hz) 18.1, CH3
1" 3.29 (2H, d,J=7.4 Hz) 27.1, CH2
2" 5.28 (1H, m) 121.3, CH
3" 134.0,C
4" 1.69 (3H, s) 17.9, CHs
5" 1.76 (3H, s) 26.0, CH3
2-OH 11.92 (1H, s)

(CH, C-2"), 134.1 (C, C-3"), 130.6 (C, C-5), 130.4
(CH, C-5"), 126.9 (CH, C-6'), 125.2 (CH, C-4), 123.9
(C, C-2), 121.1 (CH, C-2"), 121.0 (CH, C-1'), 117.2
(C, C-1), 33.3 (CHa, C-3), 32.1 (CHa, C-4'), 27.3
(CHa, C-1"), 25.9 (CH3, C-4"), 18.0 (CH3, C-5"), 17.9
(CHs, C-7")o A 3045 SClikHE — 200, #%E etk
B 2 N 2-(1,5"- B I dE)-3,6- ¥R HE-5-(3 - F Ak
2" TR AR

&Y 3: L afEik, ESI-MS m/z 301.2 [M+
H]", 753 CioH2403; 'H-NMR (400 MHz, CDCl3)
5:11.93 (1H, s, 2-OH), 10.23 (1H, s, 1-CHO), 6.90
(1H, s, H-4), 6.02 (1H, m, H-3'), 5.99 (1H, m, H-4"),
5.59 (1H, m, H-5'), 5.58 (1H, m, H-6"), 5.28 (1H, m,
H-2"), 4.51 (1H, brs, 5-OH), 3.29 (2H, d, J = 7.4 Hz,
H-1"), 2.98 (2H, t, J = 7.6 Hz, H-1'), 2.34 (2H, q, J =
7.7 Hz, H-2'), 1.76 (3H, d, J = 1.3 Hz, H-5"), 1.73
(3H, d, J = 6.9 Hz, H-7)), 1.69 (3H, s, H-4");
3C-NMR (100 MHz, CDCl3) d: 195.5 (C, 1-CHO),
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156.0 (C, C-2), 145.2 (C, C-5), 134.1 (C, C-3"), 132.2
(CH, C-3"), 131.3 (CH, C-4"), 129.5 (CH, C-6"), 129.1
(C, C-3), 128.5 (CH, C-5"), 127.5 (C, C-6), 126.0 (CH,
C-4), 121.3 (CH, C-2"), 117.4 (C, C-1), 34.4 (CH,,
C-2'), 27.2 (CHa, C-1"), 26.0 (CH3, C-5"), 24.3 (CH,,
C-1'), 18.2 (CH3, C-7"), 17.9 (CHs, C-4"). LA - ¥ 5
SCHERARE — 20, R G 3 R A e K
i Ei

WEY) 4: KEEOMPRYI; ESI-MS m/z 301.2 [M+
HJ*, 4T3 Ci9H203; 'H-NMR (400 MHz, CDCl3)
5: 11.78 (1H, s, 2-OH), 10.09 (1H, s, 1-CHO), 7.00
(1H, s, H-4), 6.56 (1H, dd, J = 15.9 Hz, H-1"), 6.43
(1H, dd, J = 15.6, 10.3 Hz, H-2'), 6.27 (1H, dd, J =
10.3, 15.1 Hz, H-3") , 5.89 (1H, dt, J = 15.1, 7.2 Hz,
H-4") , 5.30 (1H, m, H-2"), 3.32 (2H, d, J = 7.2 Hz,
H-17), 2.15 (2H, q, J = 7.3 Hz, H-5"), 1.76 (3H, s,
H-5"), 1.70 (3H, s, H-4"), 1.47 (2H, sextex, J = 7.4
Hz, H-6'), 0.94 (3H, t, J = 7.3 Hz, H-7"); '3C-NMR
(100 MHz, CDCl;) d: 196.4 (C, 1-CHO), 155.4 (C,
C-2), 145.2 (C, C-5), 140.1 (CH, C-2"), 139.1 (CH,
C-4'), 134.2 (C, C-3"), 130.7 (C, C-3), 129.7 (CH,
C-3'), 125.3 (CH, C-4), 124.2 (C, C-6), 121.1 (CH,
C-2"), 119.5 (CHa, C-1"), 117.2 (C, C-1), 35.0 (CHa,
C-5'), 27.4 (CHa, C-1"), 26.0 (CH3, C-5"), 22.4 (CH,,
C-6'), 17.9 (CH3, C-4), 13.9 (CHs, C-7"). VA MRS
SCHRIRGE — 200, WS EY) 4 A e IR
iHiEE A

&Y 5: A fllff; ESI-MS m/z 341.3 [M+
K], 773 CioH2603; "H-NMR (400 MHz, CDCl3)
5: 11.72 (1H, s, 2-OH), 10.09 (1H, s, 1-CHO), 7.01
(1H, s, H-4), 6.48 (1H, d, J=16.1 Hz, H-1'), 5.98 (1H,
dt, J = 16.2, 6.8 Hz, H-2"), 5.29 (1H, m, H-2"), 4.98
(1H, s, 5-OH), 3.31 (2H, d, J = 7.2 Hz, H-1"), 2.32
(2H, q, J= 7.3 Hz, H-3'), 1.75 (3H, s, H-5"), 1.69 (3H,
s, H-4"), 1.51 (2H, quintet, J = 7.2 Hz, H-4'), 1.35
(4H, m, H-5', 6), 0.91 (3H, t, J = 6.6 Hz, H-7);
3C-NMR (100 MHz, CDCl3) §: 196.5 (C, 1-CHO),
155.2 (C, C-2), 145.0 (C, C-5), 142.8 (CH, C-2'),
134.0 (C, C-3"), 130.4 (C, C-3), 125.2 (CH, C-4),
124.2 (C, C-6), 121.1 (CH, C-2"), 120.2 (CH, C-1),
117.3(C, C-1), 33.6 (CH,, C-3'), 31.6 (CH,, C-5"),
28.9 (CHa, C-4'), 27.4 (CHa, C-1"), 25.9 (CH3, C-5"),
22.6 (CH,, C-6"), 17.9 (CH3, C-4"), 14.1 (CHs, C-7").

DAL 2d 5 Sk aE — 5000, MU e a Y s i
AstKGHMER.

WHEY 6: FEFaEfk; ESI-MS m/z 327.3 M+
Na]*, 7>\ Ci9H2s03; 'H-NMR (400 MHz, CDCls)
5: 11.92 (1H, s, 2-OH), 10.25 (1H, s, 1-CHO), 6.89
(1H, s, H-4), 5.28 (1H, m, H-2"), 4.44 (1H, m, 5-OH),
3.29 (2H, d,J=7.4 Hz, H-1"), 2.88 (2H, t, J= 7.7 Hz,
H-1"), 1.76 (3H, s, H-5"), 1.70 (3H, s, H-4""), 1.57 (2H,
m, H-2"), 1.39 (2H, m, H-3"), 1.30 (2H, m, H-4"), 1.28
(4H, m, H-5', 6'), 0.88 (3H, t, J = 6.8 Hz, H-7');
BC-NMR (100 MHz, CDCls) d: 196.5 (C, 1-CHO),
155.2 (C, C-2), 145.0 (C, C-5), 134.0 (CH, C-3"),
130.4 (C, C-3, 6), 125.2 (CH, C-4), 121.1 (CH, C-2"),
117.3 (C, C-1), 33.6 (CH, C-2'), 31.6 (CH,, C-5"),
29.8 (CHa, C-3"), 28.9(CH,, C-4'), 27.4 (CHa, C-1"),
25.9 (CHs, C-5"), 24.1 (CH,, C-1"), 22.6 (CH,, C-6'),
17.9 (CH,, C-4"), 14.1 (CH3, C-7"). LA_L%#5 5 Cik
IE—, BUEEEEY) 6 MRS E R .

&7 AERAR; ESI-MS m/z 4143 M+
H]", 4130 C9Hs00; 'H-NMR (400 MHz, CDCl3) 6:
5.35 (1H, brd, J = 5.5 Hz, H-6), 3.52 (1H, m, H-3) ,
1.01 (3H, s, H-19), 0.92 (3H, m, H-21), 0.86 (3H, m,
H-29), 0.84 (3H, m, H-26), 0.82 (3H, m, H-27), 0.68
(3H, s, H-18); 3C-NMR (100 MHz, CDCl;) 6: 140.9
(C, C-5), 121.9 (CH, C-6), 72.0 (CH, C-3), 56.9 (CH,
C-14), 56.2 (CH, C-17), 50.3 (CH, C-9), 46.0 (CH,
C-24), 42.5 (CH,, C-4), 42.5 (C, C-13), 39.9 (CH,,
C-12), 37.4 (CHa,, C-1), 36.7 (C, C-10), 36.3 (CH,
C-20), 34.1 (CHa, C-22), 32.1 (CHa, C-7), 31.8 (CH,
C-8), 31.8 (CH,, C-2), 29.3 (CH, C-25), 28.4 (CH,,
C-23), 26.2 (CHy, C-16), 24.5 (CHa, C-15), 22.8 (CH,,
C-28), 21.2 (CHa, C-11), 20.0 (CH3, C-19), 19.5 (CH3,
C-27), 19.2 (CHs, C-26), 18.9 (CH3, C-21), 12.1 (CH3,
C-29), 12.0 (CH3, C-18). LL F%i#E 5 Ciikikig—
;O WS ENAEY TN BB .

&Y 8: HEHAK; ESI-MS m/z 409.3[M+
Na]*, 73 F 3 CHi0: H-NMR (400 MHz, CDCl5)
d: 5.35 (1H, m, H-6), 3.52 (1H, m, H-3), 1.01 (3H, s,
H-19), 0.92 (3H, m, H-21), 0.86 (3H, m, H-29), 0.84
(3H, m, H-26), 0.82 (3H, m, H-27), 0.68 (3H, s,
H-18); 13C-NMR (100 MHz, CDCls) 6: 140.8 (C, C-5),
121.8 (CH, C-6), 71.9 (CH, C-3), 56.9 (CH, C-14),
56.2 (CH, C-17), 50.3 (CH, C-9), 46.0 (C, C-13), 42.3
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(CHa, C-4), 39.9 (CH,, C-12), 39.8 (CH,, C-24), 37.4
(CHa, C-1), 36.6 (C, C-10), 36.3 (CHa, C-22), 35.9
(CH, C-20), 34.1 (CH, C-8), 32.0 (CH,, C-2), 31.6
(CHa, C-7), 29.3 (CH, C-25), 28.4 (CHa, C-16), 24.4
(CHa, C-15), 23.2 (CHa, C-23), 22.8 (CH3, C-27), 22.7
(CHs, C-26), 21.2 (CHa, C-11), 19.2 (CH3, C-21), 18.9
(CH3, C-19), 12.0 (CH3, C-18). A -%dE 5 CiikikiE
— U, WS E S ) 8 A [EIRE .

WA 9: FELRA; ESI-MS m/z 309.2 M+
Na]*, ﬁ}%ﬁ C15H1006; 1H-NI\/IR (400 MHZ, DMSO-dg)
5: 13.13 (1H, s, 4-OH), 12.15 (2H, s, 1, 8-OH), 11.41
(1H, s, 6-OH), 7.11 (1H, brs, H-2), 7.00 (1H, d, J =
2.24 Hz, H-5), 6.41 (1H, d, J = 2.18 Hz, H-7);
13C-NMR (100 MHz, DMSO-ds) d: 186.7 (C, C-9),
186.3 (C, C-10), 167.7 (C, C-6), 164.7 (C, C-8), 156.6
(C, C-1), 155.9 (CH, C-4), 153.6 (C, C-3), 134.4 (C,
C-11), 129.0 (C, C-14), 111.5 (CH, C-2), 110.2 (C,
C-13), 109.7 (C, C-12), 108.2 (C, C-5), 107.9 (CH, C-7),
15.8 (CH3, C-11). PA % 5 SClikE— 50, #ss
ENEY) 9 NEEIFME.

AP 10: HEE A ESI-MS m/z 492.3 [M+
Na]*, 73 73\ CpHi;N302, 'H-NMR (400 MHz,
CDCl3) §: 8.38 (1H, brs, NH-1), 7.53 (1H, brs,
NH-14), 7.19 (1H, m, H-8), 6.98 (1H, brs, H-4), 6.90
(1H, brs, H-6), 6.05 (1H, dd, J = 17.4, 10.6 Hz, H-16),
5.50 (1H, t, J = 7.4 Hz, H-26), 5.41 (1H, t, J=7.2 Hz,
H-21), 5.28 (1H, d, J = 10.6 Hz, H-17a), 5.25 (1H, d,
J = 17.4 Hz, H-17b), 437 (1H, dg, J = 7.1, 1.9 Hz,
H-12), 3.62 (2H, d, J= 7.4 Hz, H-25), 3.46 (2H, d, J =
7.3 Hz, H-20), 1.94 (3H, s, H-29), 1.87 (3H, s, H-28),
1.80 (3H, s, H-23), 1.79 (3H, s, H-24), 1.68 (3H, d, J =
7.0 Hz, H-30), 1.57 (6H, s, H-18, 19); '3C-NMR (100
MHz, CDCls) §: 165.8 (C, C-13), 160.4 (C, C-10),
144.6 (CH, C-16), 143.4 (C, C-2), 135.0 (C, C-5),
133.3 (C, C-27), 132.3 (C, C-7a), 132.0 (C, C-22),
126.6 (C, C-3a), 124.4 (C, C-9), 124.3 (CH, C-21),
123.9 (C, C-7), 123.3 (CH, C-6), 122.9 (CH, C-26),
116.0 (CH, C-4), 113.2 (CH,, C-17), 112.3 (CH, C-8),
103.0 (C, C-3), 51.8 (CH, C-12), 39.3 (C, C-15), 34.6
(CHa, C-20), 31.4 (CHa, C-25), 27.5 (CH3, C-18), 27.4
(CHs, C-19), 25.9 (CH3, C-23), 25.8 (CH3, C-28), 21.0
(CHs, C-30), 18.1 (CH3, C-29), 17.9 (CH3, C-24). LA
RER S SRR IE B0, M EAEY 10

iR,

WA 11: BRI ERYAR; ESI-MS m/z 346.2 M+
Na]*, 2+ 73 CioHaN3;02; 'H-NMR (400 MHz,
CD;0D) §:7.42 (1H, d, J=7.9 Hz, H-7), 7.24 (1H, d,
J=1.8Hz, H-4), 7.21 (1H, s, H-8), 7.12 (1H, m, H-6),
7.06 (1H, m, H-5), 6.11 (1H, dd, J = 17.3, 10.8 Hz,
H-17), 5.11 (1H, d, J = 10.7 Hz, H-18a ), 5.09 (1H, d,
J = 17.4 Hz, H-18b), 4.22 (1H, q, J = 7.1 Hz, H-12),
1.55 (3H, s, H-19), 1.54 (3H, s, H-20 ), 1.53 (3H, d,
J =17.0 Hz, H-15); *C-NMR (100 MHz, CD;0D) §:
168.7 (C, C-13), 162.2 (C, C-10), 146.2 (CH, C-17),
146.0 (C, C-2), 136.8 (C, C-3a), 127.3 (C, C-7a),
124.7 (C, C-3), 122.6 (CH, C-6), 121.2 (CH, C-5),
119.8 (CH, C-7), 114.4 (CH,, C-18), 112.7 (CH, C-8),
112.6 (CH, C-4), 104.3 (C, C-9), 52.6 (CH, C-12),
40.4 (C, C-16), 28.2 (CH3, C-20), 28.1 (CH3, C-19),
20.7 (CHs, C-15). VA E%dn 5 ki —axl 718,
S EEY 11 JUEEIER A
33 mEMNIFEMENR

XA AT TR AR PRI, BRI
20 umol/L ALY 1. 5 F1 6 TR HER I BLA M
&% DPPH H HETERRZ 518 61.9%. 88.0%7FH
91.9%. PHMHEXTHEZ4EA= 2 C () DPPH H HIEERRR
N 76.1%.

3.4  JNEFAPRIE LR TE ENIR

S AP HEAT PR S PR, 4551 BORib &
Yokt e s A ERE . MRSA. A G SEREAIFE &
Fili 22995 BRE TS PR o XA A W EEAT IR 4n L ik
HepG2 1 A549 AR id M, 45 R Wos gt i
BRIETES
4 it1ig

SIS N F B Aspergillus ruber TX-M4-1
WIRGAR = IdEAT T 90, R BEAE OB TRk 2%
AR A 11 AMEEY A~1D), H a1
HEEY. (LB 1. 5 F1 6 ¥ DPPH H 35
BRI HIN 61.9%. 88.0%F1 91.9%, HA—E4EY)
.
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