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A B ZE AT B (Bacillus subtilis ) Flsh#) U FT B (Bifidobacte-
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NECOREHIAZE ), /3%, 1x10° Pa K 30 min, BUE 44 F1 5]
TCRF LA A 145

LB [E R F7 5 (o/L) : 1 LEEFIKPIMA B R (Try-
tone) 10 g, FERFFEIY) (Yeast extract)5 g, S L#I(NaCl) 10 g,
TG (Agar)15 g, 43, 1x10° Pa K4 30 min, BUE SA 2 T
FF ML A8

KA FRIE 454~ 500 mL = A HIA 80 g KoK K 120
mL 2B FK, B 0, 1x10° Pa K 30 min 2.

LS B AR RS B4R ) s RPMI1640 578 215 5%
%#:(Gibeo) ; D-MEM/F-12 15725 (Caisson)
1.2 HE#iEK
1.21 EEFEK

TCEHRAE TR PR AE 1 58 B8 P A T K T 1 T 0 2
A BEBIR R FE I I, 28°CHEF2 48 h, 1AL IR &
122 YHEEK

TCEHAE TR R A7 & 88 (R 4 BK D A T 2 il 47 K
BN LB AR 3508 |, 37°CH 37 24 h, TG AL &
1.3 ERHEFSSHEBHENRFERSLBIESR

1) TR PR A TR ) - PRG A i) Sel 2 F R B, TG TR /K
BL s 1x10° A/mL AT PR, TCE TH R B

2) 41 B TR R TRC i < 43 PRE LB 85 3R 3 IS 1R Y 42 v
AR 1~ 2R, ISR K FL B 1 10° A~/mL 19 T8
B ICTE TP A

3) WA B TR A AT - Je R JH TR 2 mL #E R T KR %
FeHLr 28°CHE 3R 3 dJE , P A JP TR A 2 mL, 28°CAkLL
7227 d, FATHFP 6 i
1.4 REEHERWHE

R PEEEHUS RPN, LR CRIZ 4,
FREEIUS W, A I BB R R 4 e 2 F L AR B e s W P S
S E OB & R BRI YIR T 17.2 g0
15 EWHE

FH GFoss ik BT, FAH 429 FH 300 H AERCFERE AT,
At - 2R SRR R IR o X 3% R TR/ IR
JU B4R 43 (1.07 o) R s ik B AR J2 B (o 9ol ke — P A6 5 0k
J ), X 309 P TR/ I ik Pk 18 18 43 (165 mg) T Sephadex
LH-20 FEJZ 1753 25 (MeOH BRI ) , S8 J5 FH ¥ il 45 VR AH €63
(85 ~95% MeOH/H,O # BE V&M 30 min, 2 mL/min) £fi {45 ]
AW 2(2.7 mg, tx 19.5 min) o X 10% £ R 2B/ T EEDEL
WY (7.2 @) FHRY AR FSE A S22 T A el ik — TR T sfs 32 Ve 58 )
Xt 5% R/ SRR 8 43 (71 mg) F5-HH Sephadex LH-20 %
JEMT3 B (CH.CL-MeOH = 1: LARFRPEIL ) , SR 5 FH2K 1 45 T
AR 1% (75 ~ 95%MeCN/H,O 6 PE A 30 min) 21015 54L&
W) 5(4.3 mg, tx 28.5 min) f16(2.5 mg, tx 27.5 min) . Xf 60%
CoTR TR S Tk 6 0 14 18 43 (2.32 ) FH i s ikt e A )2
(CH,CL—MeOH #f & ¥t it ) , XF 1% MeOH/CH,CL 3 I 18 7
(343 mg) i}l Sephadex LH-20 £ /2 #74# (CH.CL-MeOH =
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Lo DARFRVEEE) |, 48 J5 FF 6 25 A €233 (60-809% MeCN/H.O
56 BE VRN 30 min) 24615 24659 7(3.6 mg, tx 15.0 min) ; %F
2%MeOH/CH,CL 2 4% 43 (675 mg) 5 H Sephadex LH-20 £E
JEMF3 B (CH.CL-MeOH = 1: LARFRBEML) , SR J5 2 45 1
AT (40 ~ 60%MeCN/H,O 6 B YE M 30 min) 2E4615 4k &
1 3(5.0 mg, tx 16.0 min) o XF 100% £ 2 Z. g 1t Mt #4488 43
(1.16 g) FHH HEfE e AE 2 B (CHLCL-MeOH 6 B e ) , 4T 1%
MeOH/CH,CL JE1E 43 (180 mg) P Sephadex LH-20 41 )Z 4T
53 (MeOH YRJBE ) , SR I FH e 1l 28 W AH €633 (40 ~ 70%MeOH/
H.O # VeI 35 min, 2 mL/min) 4646153 2454 4(5.5 mg,
tx 30.0 min) o XF 100% & 1R £ PR BERE 18 43 (5.54 ¢) FH ey i
WS (A M- R OBE-1E T HE-7K = 4:1:5: 5K
Jit, AR EA, FAR SR, % 6k 127 min(38 mg)
18771 Sephadex LH-20 412 #r4lift. 532 (CH.Cl,-MeOH = 1:
LARFRBEIE) , S8 )5 2 il & W AH €3 (75 ~ 95%MeCN/HLO #:
BEVER 30 min, 2 mL/min) glifb B 2458 1(2.5 mg, i 16.5
min) o
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tamine ) [) RPM11640 58 48577 511, A &5 79 Colo205 4 i
FE T 10% 84 M35 19 D-MEM/F-12 3533 3 b BOeh g A=
T AL, 53 510 FH B 7 S0 g kg 4 b B A, 48 vk i 349 )
4 5.0x10° A/mlL, 4354270 T 96 FLAN ML F= A N L AR LM 4
MR 100 pL, K B5 IR ACE T 37°C, 5%CO0., 95%FH X i FE 1)
AR IR R 24 WG RN,

B RS B RPMI1640 58 215 55 3560 B 150 pg/mL,
96 FLAR HH AL AHEIREE S 100 WL, BFVE X B 2H i S5 A4 AR 0
RPMI1640 584555758 B2 e 3 M AL 8t 57 48 hm ,
A 10 uL MTT WK ZERT 3R 4 he v K B3, BALMA
150 pL —H L EA(DMSO) , B it R % % FARE IR % 10
min, (25 i 700V, BT EER 570 nm AL ALK I
JEEE (ODAE) , 14 A 7 1 1) %

21 348 B 0 76 23R = 11 — (PR OD S 349(/BH 4 X6 18
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2 ZER55H
2.1 HHEE

AW 1 OB R, ESI-MS m/z: 462[M+H]", 73T
C29HyN;0,, 'H-NMR (500MHz, CDCl;) 6: 8.05(1H, s, H-1),
7.13(1H, s, H-4), 6.80(1H, s, H-6), 6.10(1H, dd, J = 17,
11 Hz, H-16), 5.96(1H, s, H-11), 5.65(1H, s, H-14), 5.42
(1H, t, J = 7.3 Hz, H-27), 535(1H, t, J = 7.3 Hz, H-22),
5.16(1H, d, J = 17 Hz, Ha—-17), 5.14(1H, d, J = 11 Hz, Hb-
17), 4.42(1H, dd, J = 12, 3.3 Hz, H-9), 4.10(1H, q, / = 7.0
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Hz, H-12), 3.65(1H, dd, J = 15, 3.3 Hz, Ha-8), 3.53(2H, d,
J =72 Hz, H~-26), 3.39(2H, d, J = 7.2 Hz, H-21), 3.19
(1H, d, J = 15, 12 Hz, Hb-8), 1.87(3H, s, H;-29), 1.81(3H,
s, Hi=24), 1.74(3H, s, H;=25), 1.73(3H, s, H:=30), 1.53(3H,
d, J = 7.0 Hz, H:-20), 1.51(3H, s, H-18), 1.51(3H, s, Hs:-
19); “C-NMR (125MHz, CDCl;) &: 168.4(C-10), 167.8 (C-
13), 145.9(C-16), 141.5(C-2), 134.0(C-5), 133.1(C-28),
132.4 (C=7a), 131.7 (C=23), 129.1 (C-3a), 124.6 (C-22),
123.6(C~7), 123.1(C-6), 123.0(C-27), 115.2(C-4), 112.5
(C-17), 104.1(C-3), 54.7(C-9), 50.9(C-12), 39.1(C-15),
34.8(C-21), 31.5(C-26), 29.8(C-8), 28.1(C-18), 27.9(C-
19), 26.0(C-25), 25.9(C-30), 20.0(C-20), 18.1(C-24), 18.0
(C-29) . VU b-Hod 5 Scik[ 1714038 — 20, i e et a1 o
echinulin,

G 2: KA, ESI-MS m/z: 490[M+H]", 43 7K
CsiHuN;0,, 'H-NMR (500MHz, CDCLy) &: 8.09(1H, s, H-1),
7.17(1H, s, H-4), 6.83(1H, s, H-6), 6.11(1H, dd, J = 17,
11 Hz, H-16), 6.00(1H, s, H-11), 5.72(1H, s, H-14), 5.45
(1H, t, J = 7.0, 7.0 Hz, H-29), 5.37(1H, t, J = 7.2, 7.2 Hz,
H-24), 5.19(1H, d, J = 17 Hz, Ha-17), 5.17(1H, d, J = 11
Hz, Hb-17), 4.42(1H, dd, J = 12, 3.6 Hz, H-9), 3.87(1H, s,
H-12), 3.67(1H, dd, J = 15, 3.6 Hz, Ha-8), 3.55(2H, d, J =
7.0 Hz, H-26), 3.41(2H, d, J = 7.2 Hz, H,-23), 3.20(1H, d,
J =15, 12 Hz, Hb-8), 2.39(1H, m, H-20), 1.89(3H, s, H:-
31), 1.83(3H, s, H:-26), 1.74(3H, s, Hs-27), 1.74(3H, s, H;—
32), 1.53(3H, d, J = 7.0 Hz, H,~18), 1.53(3H, s, H:=19),
1.05(3H, d, J = 7.0 Hz, H,-21), 0.94(3H, d, J = 6.8 Hz, H.:-
22); "C-NMR (125MHz, CDCL:) &: 168.6 (C-10), 166.5 (C-
13), 145.8(C-16), 141.5(C-2), 133.9(C-5), 132.9(C-30),
132.2 (C=7a), 131.6 (C—25), 128.9 (C-3a), 124.5 (C-22),
123.4(C-7), 122.9(C-6), 122.9(C-29), 115.1(C-4), 112.2
(C-17), 103.8(C-3), 60.8(C-12), 53.6(C-9), 39.0(C-15),
34.6(C-23), 32.4(C-20), 31.4(C-28), 29.7(C-8), 27.8(C-
18), 27.7(C-19), 25.8(C-27), 25.7(C-32), 18.7(C-21), 17.9
(C-26), 17.9(C-31), 16.1(C-22), LA I %di 5 Scik[11 38
— B, M B A Y 2 eristatumin F,

AW 3 R B AR AR, ESI-MS m/z: 324[M+H]", 73 T2
A CisHuN;O,o '"H-NMR (500MHz, Acetone—ds) 8:10.33 (1H,
s, H-1), 7.91 (1H, s, H-11), 7.42 (1H, br d, J = 8.0 Hz, H-
4),7.32 (1H, br d, J = 7.9 Hz, H-7), 7.12(1H, dt, J = 8.0,
7.5, 1.0 Hz, H-5), 7.08 (1H, dd, J = 7.9, 7.5 Hz, H-6), 7.07
(1H, s, H-8), 6.16 (1H, dd, J = 17,12 Hz, H-16), 5.11 (1H,
d, J = 17 Hz, Ha-17), 5.11 (1H, d, J = 12 Hz, Hb-17), 4.30
(1H, dq, J = 7.4, 2.2 Hz, H-12), 1.58 (3H, s, H;~18), 1.58
(3H, s, Hi=19), 1.53(3H, d, J = 7.4 Hz, H:-20); 13C-NMR
(125MHz, Acetone—ds) 8: 166.3(C-13), 160.2(C-10), 145.9

(C-16), 144.7(C-2), 136.2(C-7a), 127.3(C-3a), 126.6(C-
9), 122.2(C-6), 120.7(C-5), 119.7(C-4), 112.4(C-7), 112.3
(C-17), 110.6(C-8), 104.4(C-3), 52.2(C-12), 40.0(C-15),
27.9(C-18), 27.9(C-19), 20.7(C-20) , VL b %4 5 ik
[18].[19 B —2L, WO SEALE Y 3 M neoechinulin A,

AW 4: OB A, ESI-MS m/z: 326]M+H]", 7+ TN
CioHxN:0,, 'H-NMR (500MHz, Acetone—d,) &: 9.87 (1H, br
s, H-1), 7.50 (1H, d, J = 7.5 Hz, H-4), 7.31 (1H, d, J = 7.5
Hz, H-7), 7.26(1H, br s, H-11), 7.06(1H, t, J = 7.5 Hz, H-
5), 6.99(1H, t, J = 7.5 Hz, H-6), 6.48 (1H, br s, H-14),
6.24 (1H, dd, J = 17,11 Hz, H-16), 5.13 (1H, d, J = 17 Hz,
Ha-17), 5.11 (1H, d, J = 11 Hz, Hb-17), 426(1H, dq, J =
7.0, 2.2 Hz, H-12), 4.00(1H, dd, J = 11, 3.6 Hz, H-9), 3.58
(1H, dd, J = 14, 3.6 Hz, Ha-8), 3.19(1H, dd, J = 14, 11 Hg,
Hb-8), 1.60(3H, s, Hi-18), 1.58(3H, s, H,—19), 1.43(3H, d,
J =7.0 Hz, H:-20); "C-NMR (125MHz, Acetone—ds) &: 168.3
(C-13), 164.2(C-10), 147.5(C-16),146.6 (C-2), 136.1 (C-
7a),128.1 (C-3a),126.5 (C-9), 121.8 (C-6), 119.8 (C-5),
118.9(C-4), 111.8(C-17), 111.7(C-7), 105.9(C-3), 56.6(C-
9), 51.5(C-12), 40.6(C-15), 31.3(C-8), 28.5(C-18), 28.5
(C-19), 20.8(C-20) . LA_-Zdia 5 SCHR[20 4Rl — 2, i e
A9 4 4 preechinulin,,

a5 IR B AAH AR, ESI-MS m/z: 305[M+H]", /372X
4 CsHas0s0 'H-NMR (500MHz, CDCL;) &: 11.92 (1H, s, OH-
2), 10.25 (1H, s, CHO-1), 6.89 (1H, s, H-4), 5.28 (1H, t,
J =74 Hz, H-2"), 451(1H, s, OH-5), 3.28(2H, d, J = 7.4
Hz, H,-1"), 2.88(2H, t, J = 7.8Hz, H,—1'), 1.76(3H, s, Hs-
5"), 1.69(3H, s, Hi-4"), 1.58 (2H, m, H,-2") , 1.41(2H, m,
H,-3'), 1.25-1.35(6H, m, H,-4'/5'/6"), 0.87(3H, t, J = 6.8
Hz, Hi~7"); "C-NMR (125MHz, CDCl;) &: 195.6 (CHO-1),
155.8(C-2), 145.0(C-5), 133.9(C-3"), 128.6(C-6), 128.5
(C-3), 125.7(C-4), 121.2(C-2"), 117.3(C-1), 32.0(C-2"),
31.8 (C-5"), 29.6(C-3"), 29.2(C-4"), 27.0(C-1"), 25.8(C~
5"), 24.0(C-1"), 22.6(C-6"), 17.8(C-4"), 14.1(C-7"), Ik
BG5S SCRR[2 138 58 42— 20, WS E L& W 5 M flavoglau-
cin,

AW 6. IR B AR R, ESI-MS m/z: 303[M+H]', /3 T2
M CisHx0s, 'H-NMR (500MHz, CDCL;) 8: 11.73 (1H, s, OH-
2), 10.10 (1H, s, CHO-1), 7.02(1H, s, H-4), 6.48 (1H, d,
J =16 Hz, H-1" ), 5.98(1H, dt, J = 16, 7.3 Hz, H-2' ), 5.29
(1H, t, J = 7.4 Hz, H-2"), 497(1H, s, OH-5), 3.32(2H, d,
J =74 Hz, H-1"), 2.32(2H, q, J = 7.3Hz, H,-3"), 1.76(3H,
s, Hi=5"), 1.70(3H, s, H;—4"), 1.52(2H, m, H,—4"), 1.35(4H,
m, H,=5'/6"), 0.92(3H, t, J= 6.8, 6.8 Hz, H,~7"). UL I %4
5 SCHR2 1R 38 58 4 — 3, WU B AL &) 6 4 tetrahydroauro-

glaucine
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AT AR R, ESI-MS m/z: 333[M+H]", 7> 72N
CisHx06o "H-NMR (500MHz, CDCl;) 8: 3.16 (1H, m, Ha-3),
3.16(1H, m, Ha—4), 2.89(1H, dd, J = 13, 2.0 Hz, Ha-7), 2.45
(1H, m, H-9), 2.24(2H, m, Hb-3/4), 2.16 (1H, m, Ha-3'),
2.10(2H, m, Ha-8/2"), 1.76 (1H, t, J = 12, 12 Hz, Hb-7),
1.53(1H, m, Hb-3"), 1.16(2H, m, H~2'), 1.08 (3H, t, J =
7.3 Hz,Hs~1"), 1.00(1H, m, Hb-2"), 0.86(3H, t, J= 7.3 Hz,
H:—1'); "C-NMR (125MHz, CDCl;) &: 165.4(C-11), 165.3
(C-12), 164.9(C-13), 164.2(C-10), 146.3(C-2), 146.1(C-
1), 145.1(C-6), 144.3(C-5), 48.0(C-8), 41.0(C-9), 31.7
(C-3"), 28.1(C-7), 23.5(C-2"), 22.2(C-4), 21.9(C-2"),
21.5(C-3), 14.0(C-1"), 13.0(C-1"), L) F%d 5 3SCik[223)
iE— 3, WS B & T M epiheveadride,

22 YHpEEN

KAMTTIEXACE Y | ~ 7T AR TG PR, 25 2R
7 AEALE W M 150 wg-mL U IF, % A549 i, 1k & 7
FLA 55 A FE IR E T B0 23R 51.8% , oAb & Wrvhiz
JHLRR TLF- TG e 34 G 400 i 4 5 X2 LR MCF-7, Ak G
YU S KT 59% , Hoax b A 03 G B S 0 4 5
X} Bel-7402 4HHibk , Bt G540 4 51, e A G W3 HA BRI
PR, Hor 3.5 1 7 A6 A P il S T 70% 5 X Colo205
YHAIRR AL G 1 2 R T I AE 55% LU (GR 1),

AW 1~ 7% 4 B g 4 A AN [R) R B2 B 40 64 Fn

Fz1 HEW ~73F4FhIIBEAERINFIE( x+ s,n=3)
Table 1 Inhibitory rates of compounds 1 ~7 against four
tumor cell lines ( x+s,n=3)

ol 12/ %

EY

(pgemL™") A549 MCF-7  Bel-7402  Colo205
1 150 30.7+1.59 66.0£5.30 59.0+2.52 64.0+1.38
2 150 34.0+£3.65 — 56.4+0.17 62.4+1.66
3 150 33.9+2.21 20.1£2.00 72.0+0.64 48.4+1.57
4 150 17.8+2.28 20.5£2.80 35.9+0.64 45.1+1.14
5 150 30.5+4.95 59.3+0.78 73.8+0.71 25.3x11.3
6 150 — — 65.6+0.92 38.8+5.03
7 150 51.8+1.73 — 72.7+2.85 58.7+£2.04

Ei—RRLEE,

bR, LAY 3 A6 (UK HTJE Bel-7402 41 AT b 45 11
HEF X Ay 3 AR AN A g 55 . kA 5 6 LR
MCF-7 FilJi Bel—7402 40 Ml EAT — & (3, T006) il
A549 T2 W96 Colo205 20 M TG B AT HIVEH . fb-& 9 7 Xt
A549 i fif1 , Bel-7402 2 I K Colo205 44T ] 21 K T 50%,
% MCF-7 4B Teig PE .

i ‘ bes -
3 itig

TS A T A IR, Zou IR R I T Bk B 2,
SR RIFE B B A 1.3, IR B L &Y 5,
HEAHCEEAFIES, It 5484 K EA PREH], Du %655
BELAY 14, LA, Slack %5 WA [F] J& A0 42 K BlCaE
BRI G 7, BB G) Slack 154 KR Wi
UHE , Nazar S5°F 1 U A2 NM-16 H1 43 2 214 59 6, Bk
S AES AR EL A B B S W 4, AT WAL S o3 B R IR
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Cytotoxic activity of secondary metabolites from co-culture of
Eurotium cristatum with Staphylococcus aureus

YANG Juanjuan'?, ZOU Xianwei’, HUANG Yun®, LI Qian’, CHEN Benke’, TANG Jintian®
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2. Key Laboratory of Particle & Radiation Imaging, Ministry of Education; Department of Engineering Physics, Tsinghua
University, Beijing 100084, China

Abstract To evaluate the cytotoxic activity of secondary metabolites from co—culture of Eurotium cristatum with Staphylococcus aureus, seven
known compounds, including echinulin(1), cristatumin F(2), neoechinulin A(3), preechinulin (4), flvoglaucin (5), tetrahydroauroglaucine (6), and
epiheveadride (7) are isolated from the solid culture of the co—culture of Eurotiumeristatum with Staphylococcus aureus. The structures are
checked on the basis of spectroscopic analysis NMR experiments and by mass spectrometric measurements. These metabolites are evaluated in
vitro for cytotoxicity activities against four tumor cell lines such as A549, MCF-7, Bel-7402, and Colo205. Compounds 3, 5 and 7 are found to
show moderate cytotoxicity against the Bel-7402 cancer cell line.

Keywords Eurotium cristatum; co—culture; secondary metabolites; cytotoxic activity
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