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Secondary metabolites of fungus Chaetomium funicola
CIB-604 and their bioactivities

ZHANG Xia"?, QIAN Xue-qing"*,LIU Ling-yan'*, QIN Zhang-yi'*, YANG Tao'* ,LI Guo-you'"

' Chengdu Institute of Biology ,Chinese Academy of Sciences ,Chengdu Sichuan 610041 ,China
*University of Chinese Academy of Sciences , Beijing 100049 , China

Abstract: The secondary metabolites of Chaetomium funicola CIB-604 were investigated in this paper. Eight compounds were
isolated from the solid fermented rice culture by silica gel column chromatography, Sephadex LH-20 chromatography and
semi-preparative liquid chromatography. On the basis of 'H NMR,"” C NMR and ESI-MS spectroscopic data, their structures
were identified as chaetoindicin A (1) ,chaetoindicin B (2) ,chaetoindicin C (3),(22F,24R)-38,5a,9a-trihydroxy-ergos-
ta-7,22-dien-6-one (4),(22E,24R)-5a,6a-epoxy-ergosta-8 ,22-dien-38,7a-diol (5) ,5a,6a-epoxy-(22E,24R) -ergosta-8
(14) ,22-diene-38,7a-diol (6) ,ergosterol (7) ,and ergosterol peroxide (8). Compounds 1-8 were isolated from C. funicola
for the first time. Compounds 1-6 showed no obvious inhibitory effect on Escherichia coli, Bacillus subtilis and Candida albi-
cans at 100 pg/mL. Compound 4 exhibited significant cytotoxicities to SK-Hep-1, A549 , HCT-116 and MCF-7 cells, while
compound 2 showed moderate cytotoxicities against these cell lines.
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KA THGE
1 MBS
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1.1.1 SIS

AVANCE 400 71,600 7 4% i 4t 4% 1 ( 7% [
Bruker 22 7] ) 5 MicrOTOF-QIT =5 73 # o 3% A ( 1
Bruker /A ] 52l 45 2384 (250 mm x21.2 mm, 10
pm , SR A A R BR 23 7] 5250 mm x 10 mm,
5 pm, HA YMC 23 /) 5 2 i 4 WA 635 (L
LC-100) 5 e OB AR €385 A (VL IR DU R A FR 2
F]) 3 Varioskan Flash 4> K #7948 2 £ D) E 12 504X
Attune NxT 7 =C4H 94 (35 [E Thermo Fisher Scientif-
ic) .
11,2 XA 5 A4+

CNE R K VB A LR ORI
BANOREREMAE T, Tolk g, 25 i A
TEAE RS (100 ~ 200,200 ~ 300 H ) M2 €05 A i
(GF254) (75 Byt eAb T ) 5 SO Cog RERE (TR M40
WAEYREBR /7] ;Sephadex LH-20 ( GE Health-
care Bio-Sciences AB); ji G i 5] CDCI, ., CD,0D,
DMSO-d, 45 ( 3£ [# Sigma-Aldrich) ; TLC i £2 5] &
5% BilR- PRI N 8 R R (i v
AR A PR F]) s DEME B 356 XU iR 4 1ML
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A2 H] NCBI HE7 AR Hext, i MEGA7. 0 #4 %2
RGBT (4B, CIB-604 5 Chaetomium funi-
cola BN —L, BB IREFEEG R, ¥ CIB-604
e A B5e % (C. funicola)

AT 78 (C. funicola CIB-604) DL K FiF 4
TR S5 1) KT B ( Escherichia coli) A HEZFFFT A
( Bacillus subtilis) [0, &ERH ( Candida albicans) 1%
TRAE T BB SRR E M BIEFE BT . AR 2 i ik SK-
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N,
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BRI S 1(5.7 mg,t, = 15.5 min) FIfL5H) 3
(4.7 mg,t; = 9.8 min) , G5 Bt (35.6 mg) £l 7%
HPLC (10 ml/min,27% Z &K, V/V) 3 BS54k &
¥ 2(13.0 mg,ty, = 23.2 min) , G13(196.8 mg) 7§
IR EAHRE B AE 43 B3R 5] 7 A4 4 (G13-1 ~ G13-
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Peo AUl RE H & 10% A6 4 18 /) DMEM 15 37 5L
(100 U/mL % 8 2 100 pg/mL 482 ) 76 37 C .
5% CO, FEFEFaT G,

TBORT 51 B 4 A , 4% K 24 3 000 41 fif/ FL 1) &
FEFR T 96 LR, B T 37 CIEMRIS A h e 24 h,
24 h J5 , RS [V B B EE A R 40 0 A B B 5
W R E AT O R BT A0 R SR A P gk S R R
72 h, FAREFRIEHINA 20 wL MTT £5559 (5 mg/
mL) Je 6 4 h, B2 MTT %, LA 150 pL
DMSO, &% 10 min J& , FHEGEAR K £ 570 nm P

KN BALBIROLE, R % & 1C,, o
1.2.4.2 a4 AL ASCR 00 20 e 0 1=

SBORH RS 240 J R, 818 40 i %% 22 O 3 000/mL,
AL 1 mL R T 6 fLARH B TR SR 24 h
Ja  IMARERD (A 10 uM) A 8], FE2H B0 3 4
AL, 36 h &, BREETH L4002, 1 500 rpm BF.0» 5
min, EFR_FIR, FEH PBS Uk 2 ko KGN I AR
WA & UL 54841 : Binding buffer B, S5 )5
A Annexin V 1 PI IR G HEEHEE 15 min, FizCAl

JHLASCIN 7 A R TR
2 HR
2.1 LEMEHERE
WEWML  HEBIR ;5% BilR LB 4 ; ESI-

MS:m/z 312.43 [M + Na]*;'H NMR (400 MHz,
DMSO-d,)8:7.62 (1H,s, H-3),8.88 (1H,s, H-6),
3.15(1H,dd,J =11.6,5.0 Hz, H-11),1.98 (1H,
dd,J =12.6,5.0 Hz,H-12) ,2. 11 (1H,t,] = 12.4
Hz,H-12) ,2.60(3H,s,H-14) ,1.20 (3H, s, H-15),
0.76(3H, s, H-16),0.94 (3H, s, H-17) ;" C NMR
(100 MHz, DMSO-d, ) §:76.4 (C-1),153.5(C-2),
118.4(C-3),165.2(C4),146.8 (C-6),124. 1 ( C-
7),197.0(C-8),68.1(C9),48.2(C-10),69. 4 (C-
11),45.3(C-12),207.0(C-13) ,24.7(C-14) ,11.0
(C-15),14.6(C-16),21.2(C-17) . LI I ¥¥e 53¢
BRE2 R R AR — B, B E A chaetoindicin A (45
LK T) o

I LAY ~8 liLEs

Fig. 1  The chemical structure of compounds 1-8

UEW2 WEEMAK ;5% IR BN A0 1
g fa, ESI-MS: m/z 290.35 [M + H]*;'H NMR
(400 MHz, C,D,N)§: 2.63(1H,dd,J =14.6,9.9
Hz,H-1),3.18 (1H,dd,J =14.9,1.0 Hz, H-1),

4.86(1H,dd,J =9.6 ,1.0 Hz,H-2),9.52(1H,s,
H-6),7.54(1H,s,H9),1.49(3H,s,H-11), 1.71
(3H,s,H-12),2.08 (3H,s,H-13),2.61 (3H, s, H-
14);”C NMR (100 MHz,C,D,N)§:36.1(C-1),92. 3
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(C-2),175.4(C-3a),107.9(C4),185.9(C-5),
124.6(C-5a),148.7(C-6),162.8(C-8),121.0(C-
9),149.8(C9a),72.2(C9b),71.2(C-10), 28.0
(C-11),27.6(C-12),8.8(C-13),25.2(C-14), LA
B 5 SCER R A — B, MU E R chae-
toindicin B,

WEW3I R OBIR ;5% Bk £ I W40 i
4 ft; ESI-MS: m/z 290.32 [M + H]*;'H NMR
(400 MHz,C,D;N)§:2.66 (1H,dd,J =12.3,10.1
Hz,H-1),3.11 (1H,dd,J =12.4,4.7 Hz,H-1),
5.38(1H,dd,J =10.0,4.6 Hz,H-2),9.45(1H,s,
H-6),7.62(1H,s,H9),1.47 (3H,s,H-11),1. 66
(3H,s,H-12),2.01(3H,s,H-13),2.63(3H, s, H-
14) ;" C NMR (150 MHz,C,D,N)§:36.8(C-1),91. 8
(C-2),174.9(C-3a),107.2(C4),185. 1 (C-5),
122.2(C-5a),148.2(C-6),162.2(C-8),120.2(C-
9),149.5(C9a),74.2(C9b),69.8(C-10),26.6
(C-11),26.1(C-12),8.0(C-13),24.5(C-14), LI
B 5 SCER R A — B, MU E R chae-
toindicin C,

HEW4 HOK KR S% WK S 688
6, ; ESI-MS:m/z 467.21 [M + Na] ' ;'H NMR (400
MHz,CD,0D ) §6:3.95(1H, m,H-3),5.58 (1H,d, J
= 1.8 Hz,H-7),2.76 (1H,m,H-14) ,0. 67 (3H, s,
H-18),1.00 (3H,s,H-19),1.06 (3H,d,J = 6.6
Hz,H-21),5.21(1H,dd,J = 15.2,7.7 Hz,H-22),
5.27(1H,dd,J = 15.2,7.2 Hz,H-23),0.85(3H,
d,J = 7.2 Hz,H-26),0.87(3H,d,J = 7.3 Hz,H-
27),0.95(3H,d,J = 6.8 Hz,H-28) ;" C NMR(100
MHz,CD,0D) §:26.6 (C-1),31.0(C-2),67.8 ( C-
3),37.1(C4),80.2(C-5),200.1(C-6),120.9(C-
7),165.0(C-8),76.1(C-9),44.3(C-10),29.3(C-
11),36.2(C-12),46.2(C-13),52.8 (C-14),23. 4
(C-15),29.1(C-16),57.4(C-17),12.6 (C-18),
21.6(C-19),41.7(C-20),20.6 (C-21),136.7 (C-
22),133.6(C-23),42.8(C-24),34.4(C-25),20. 1
(C-26),20.5(C-27),18.2(C-28), LI E%u#E 53¢
B2 S AR — B, MO RE O (22E,24R) 3B, 5,
9a-trihydroxy-ergosta-7 ,22-dien-6-one ,

WEWS ToOEH ;5% Bk L1 (4 514
{6, ; ESI-MS:m/z 451.24 [M + Na]*;'H NMR (400

MHz,CDCL,)8:3.93(1H,m,H-3) ,3.31(1H,d,J =
2.6 Hz,H-6) ,4.22(1H,br s,H-7),0.58 (3H,s, H-
18),1.14(3H,s,H-19) ,1.01 (3H,d,J = 6.6 Hz,
H-21),5.16(1H,dd,J = 14.8,7.4 Hz,H-22) ,5.21
(1H,dd,J = 15.3,7.1 Hz,H-23),0.83(3H,d,J =
6.5 Hz, H26),0.81 (3H,d,J = 6.6 Hz, H-27),
0.91(3H,d,J = 6.8 Hz, H28);"” C NMR ( 100
MHz,CDCL,)8:31.0(C-1),30.3(C-2),68.7(C-3),
39.3(C4),65.8(C-5),62.7(C-6),67.3(C-7),
134.6(C-8),127.1(C9),38.1(C-10),23.5(C-
11),35.8(C-12),42.2(C-13),49.7 (C-14),24.0
(C-15),29.1(C-16),53.8(C-17),11.4 (C-18),
23.0(C-19),40.6 (C-20),21.1(C-=21),135.7 (C-
22),132.1(C23),43.0(C-24),33.2(C25),19.8
(C26),20.1(C-27),17.8(C28), L %5 X
R R AR — B, B E N (22E,24R) Sa, 6a-
epoxy-ergosta-8 ,22-dien-38,7 a-diol ,

WEWM6 HOMAK; 5% MR OIS 6 hEa
8, ESI-MS:m/z 451.24 [M + Na]*;'H NMR (400
MHz,CDCL,)8:3.94(1H,m,H-3) ,3. 16(1H,d,J =
3.6 Hz,H-6) ,4.44(1H,d,J = 3.2 Hz,H-7),0.89
(6H,s,H-18,19),1.04(3H,d,J = 6.7 Hz,H-=21),
5.20(1H,dd,J = 15.2,7.6 Hz,H22),5.25(1H,
dd,J = 15.2,7.0 Hz,H-23),0.84(3H,d,J = 6.7
Hz,H-26),0.86 (3H,d,J = 6.7 Hz,H27),0.93
(3H,d,J = 6.8 Hz, H28);"” C NMR (100 MHz,
CDCL,)8:32.3(C-1),31.2(C-2),68.8(C-3),39.7
(C4),67.9(C-5),61.5(C6),65.2(C-7),125.3
(C-8),38.7(C9),36.0(C-10),19.1(C-11),36.7
(C-12),43.1(C-13),152.8(C-14),25.1(C-15),
27.3(C-16),57.0(C-17),18.2(C-18),16.7 ( C-
19),39.4(C-20),21.4(C-21),135.4(C22),132. 4
(C-23),43.0(C24),33.2(C-25),20.1(C-26),
19.8(C-27),17.8(C-28) . LA b %d 553k ™ )
TEFEA—F, K E N S, 6a-epoxy-(22E,24R) -er-
gosta-8 (14) ,22-diene-38,7a-diol ,

WEWMT T ;5% IR I R 52T
6 ESI-MS:m/z 397. 12 [M + H] " ;'H NMR (600
MHz, CDCl; ) 8:3.64 (1H, m, H-3) ,5.58 (1H, dd, J
=5.4,2.4 Hz,H6),5.38(1H,dd,J = 5.5,2.8
Hz,H-7),0.63 (3H,s,H-18),0.96 (3H,s, H-19),
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1.03(3H, d,J = 6.7 Hz,H21) ,5.20(1H,dd,J =
15.4,7.6 Hz,H-22) ,5.15(1H,dd,J = 15.4,7.6
Hz,H-23),0.84 (3H,d,J = 7.0 Hz, H-26),0. 82
(3H,d,J = 7.0 Hz,H27),0.92(3H,d,J = 6.6
Hz,H-28) ;" C NMR (150 MHz, CDCL, ) §:38.5 ( C-
1),32.0(C-2),70.6(C-3),41.0(C4),139.9(C-
5),119.7(C-6),116.5(C-7) ,141.5(C-8) ,46. 4( C-
9),37.1(C-10),21.2(C-11),39. 3(C-12) ,43.0( C-
13),54.7(C-14),23.1(C-15),28.4(C-16),55.9
(C-17),12.2(C-18),16.4 (C-19),40.5 (C-20),
21.2(C-21),135.7(C-22),132.2(C-23),42.9(C-
24),33.1(C25),20.1(C-26),19.8(C-27),17.6
(C-28) o LA b %cdi 5 Semk ™ il A — 3%, il
o]

LEWS T ;5% Bk LB W10k 2%
6, ESI-MS: m/z 429.23 [M + H]";'H NMR (600
MHz,CDCL,)8:3.97(1H,m,H-3) ,6.52(1H,d,J] =
8.4 Hz,H-7),6.26(1H,d,J = 8.4 Hz,H-6),0.85
(3H,s,H-18),0.92(3H,s,H-19),1.01 (3H,d,J =
6.8 Hz,H-21),5.23(1H,dd,J = 15.2,7.4 Hz, H-
22),5.17(1H,dd,] = 15.2,7.4 Hz,H-23),0. 86
(3H,d,J = 7.0 Hz,H27),0.82(3H,d,J = 7.0
Hz,H-26),0.94 (3H,d,J = 6.8 Hz, H28);" C
NMR (150 MHz, CDCl;)8:34.9(C-1),30.3(C-2),

66.7(C-3),37.1(C4),82.3(C-5),135.6(C-6),
129.9(C-7),79.6(C-8),51.2(C-9),37.2(C-10),
23.6(C-11),39.5(C-12),44.7(C-13),51.8 ( C-
14),28.9(C-15),20.8(C-16),56.4 (C-17),12.2
(C-18),18.4(C-19),40.0(C20),21.0 (C-21),
135.4(C22),132.5(C23),43.0(C-24),33.3(C-
25),19.9(C-26),20.2(C27),13.1(C28), LI I
B 55 Sk R AR — B, e i S A 6
fist
2.2 mEEME

PAETE LA R R, L&Y 1 ~6 7E 100
g/ mL R BE B X R AT B R R 2 AT I L e
BRI BA A RIS
2.3 HphEiE
2.3.1  MTT skt 4 A4 6 4k 91 dm L35 76 1

K MTT 52528 TARG ) 1 ~ 6 X A e 240 i
Bk SK-Hep-1 ,A549 HCT-116 F1 MCF-7 (#4444 ffd
BRSPS IR RE, LG 2 F 4 5 A I
(%) I A iR 34 2 R R M B TR PR (LR 1) o
b4 4 % SK-Hep-1,A549 HCT-116 H1 MCF-7 iX
DU/ 4 M AR 9 1C,, 43 51 A 3.10 + 0.80 .4.81 =+
1.01.8.25 + 2.28.5.36 + 1.29 pM, 4 Jiil 35 I 14
Big a2,

£1 &2 43t SK-Hep-1,A549 HCT-116 1 MCF-7 ZARa#kEY 4RSS E M (v 5,0 =3)

Table 1  Cytotoxicity of compounds 2 and 4 against SK-Hep-1,A549 ,HCT-116 and MCF-7 (:ells(; +s,n=3)
k) ICsy (uM)
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Fig. 2 Effect of compounds 2 and 4 on apoptosis of SK-Hep-1 and A549 cells
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