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Isolation and antitumor activity of phenylspirodrimane derivatives
from the fungus Stachybotrys sp. CPCC 401591
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Abstract : The phenylspirodrimane derivatives exhibiting antitumor bioactivities were isolated from the fermentation crude ex-
tract of the fungal strain Stachybotrys sp. CPCC 401591. In the study, OSMAC (one strain many compounds) approach was
conducted to optimize the fermentation medium. LC-MS/MS-based molecular network analysis was performed for guiding iso-
lation process of secondary metabolites. The routine separation approaches for purification included ethyl acetate extraction,
sillica gel column chromatography and preparative HPLC. Eight compounds were obtained and their structures were elucidated
as chartarlactam H (1) , chartarlactam F (2) ,stachybotrin (3) ,chartarlactam K (4) ,stachybotrylactam (5) ,F1839-A (6),
Mer-VGF724B (7) ,and 3a-hydroxy-N-isopropyl-carboxyl -phenylspirodrimane (8) by analysis of spectroscopic data inclu-
ding nuclear magnetic resonance ,mass spectrometry analysis,and Mo, ( OAc) ,-induced circular dichroism (CD) spectra. The
cytotoxic activity of the compounds 1-8 were evaluated by CCK-8 assay in vitro. The results showed that compounds 1-8 dis-

played moderate inhibition activities on human hepatoma carcinoma cells HepG2 ,human cervical cancer cells HeLa,and hu-
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man colon cancer cells HCT116. The result could provide scientific basis for mining more new antitumor compounds from

Stachybotrys genus.

Key words : Stachyboirys ; global natural products social molecular networking; phenylspirodrimanes ; antitumor activity ; struc-

tural identification

% B IR LA ( Stachybotrys ) S T #i 4w i B
F}(Stachybotryaceae) , 278 J@ A= 5058 A7 AL AR 1R, )2
FRAET RO R0 5 W EREE o 1200 BT
PR IR RAR T W) G A S B A4 B o £ 7
J#528 (trichothecenes ) | —iili 2& | phenylspirodrimanes
(PSM) 2 BRI | 40 2% JECA 288 A JOR A R 240 JH A2 5t
%% (alachalasins ) %57, 3084k & W) 76470 R
U YOS BUREBE 00 1 I [0 e o ol 470 2R 55 5
T EA B Rl e o AR AR
R 2 R R AT  HEA B ) o0 ATV AR AN W 0 5
Watt, Li 17 W4 by B8 i AR A 4 5 (S, char-
tarum) WGC-25C-6 v ) 5§ 45 ¢ 31| A vy £ 23 5 26 Ak
EW ., Hr, mytoxin A F satratoxin G 2§k & ¥ %t
HCT-11 6 HepG2 BGC-823 “5: 4 ffl bk B A 33 4t
Jipdea s M, HLIC, < 0.01 pmol/L, Yang 281 1) Vg
PR IR Y 4R 4 R TR J403-SS6 U AE 6 S i
W), atranone Q Xof B I A 475 11 00 73 TR A 12
Jor R e AT S35 A I VR F , MIC B350k 8 F11 16
pg/mL,

PSM 254k & F R B K, B 1980 4 Miyazaki
SO YR A TR S, complementi Y4y BS 15 1 FMA
MR K76, ©A U 120 424> PSM 2646511514
IYES U aE . Ma 25 S, chartarum MXH-X73 14y
BIARAS 11 > PSM ZRBIRILS 1), BIFSE R W] stachy-
botrin D GEA% I BF A= AY HIV-1 FHAEA% 1 2S00 5% 5
Jif 4 ) 550 ( NNRTIs ) fiit 52 #4 HIV (40 HIV-1 gy g05n
45) JECs i} 6.2 ~23.8 pmol/L, Liu 25" A 8.
chartarum CGMCC 3.5365 H1/3E3k18 11 4> PSM 2k
T B {K> T (bistachybotrysins L ~ V) , Hodv k54
bistachybotrysin L. X} HepG2,HCT-116 #1 NCI-H460
SEAN AR B & BTG M, 1G5,y 1.8 ~ 3.5
pmol/ L,

R WF 38 56 BN A= LB Stachybotrys sp. CPCC
401591 HATIRAMTE . 454 OSMAC H A (LC-MS/
MS JFi 531 45 43 B Rl PSM 284k &4 48 A 14
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1.1.1 BB LM

AR 1290 fm B80BOAH 385% o3 A AR (561 Agi-
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[E Bruker /A #]) ;Thermo Scientific LTQ XL ESI %
1% (2% E Thermo /A 1]) ;SepaFlash ™ fif e s 43 25 4%
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G R oy T ai (b stid ) R gL T A W) s ik sl o
i A1 B0 1 ] Merck 3R] 5 =3 R i AR
0 B AL A RBHEA R A,
1.1.2 HE#kR

BIkE Stachybotrys sp. CPCC 401591 hy#j 25 FE 55
JEELT, IORAT T v [ 24 257 B A ) T R DR e B h
Lo N 4 Jf #R HepG2 | A E #5198 40 i Bk Hela
DL R N4 s A0 ik HCT116 340 [ [ B¢ Fl o
Bt Bk = 22 IS i A e 5% b O, BRER A T b [ 2
A W R R DR B G
1.1.3 350 5 Bl

A2 SR N U S N B SR R (MEPA) « 22 25 4
BN 15 g,1.5 g EEK,20 g Bifigkr, 1 L 2&08
K, MEB 557 550 5 6 6 BD 2], F2 Br k. 4
M2 g, HIl 1 mL, B 0K 0.2 o, HEWE 1 g, SR
l g, RO 0.25 ¢,K,HPO, 0.03 g,NaNO, 0.3 g,
(NH,),50, 0.2 ¢,100 mL %487k, BY k553t 1
SE MK IR LS o, HERIE | g, 22008 1 o, I
REREU 1 g, K, HPO, 0.3 g, MgSO,. 7TH,0 0.03 g,
#EEh 1 ¢,100 mL ZE{87K . PDB.: hE A 4 bl K 1
FrH(BD AH])3 g,100 mL Z&48K . KKK B IR
FL(RICE) : KK 100 g, 277K 100 mL, 121 C 2K
25 min,
1.2 WHZE
1.2.1 ey R B

bk CPCC 401591 AH A h4%Rh T MEPA
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ARSI, T 28 CHEIRIEFR 7 d, ISR Ak
A f TR AR 42 T Bl 7 45 37 2K (200 mL PDB K% 5%
F£/500 mL =) H1,28 CiEin R4 96 h 155 F
T (180 r/min) , FEFPFI 5 mL $EFD 2 K5 1Y
KoK K BRI, 28 C i bEFE 30 d, 2L & B2 100
1.2.2 &R RESH

Agilent- ZORBAX SB C, &4 (4.6 nm x 250
mm,5 pm) ;AFUR R 1 mL/min; PDA 49 K F14;
FEIR 30 CsibAEE 10 L LN 05 (A) Al
1.5% W /KW (B) , B EEBEBL 0 ~ 20 min, 10%
—100% A;20.01 ~25.00 min, 100% A;25.01 ~
30. 00 min,10% A,

K HL 55 B AL IR (ESD) |, IR B T H R
MS 250 B F Wi i R .4 500 V; B 1R IR A . 550
C i AE R 45 eV ¥ R AE R . 15 eV; KFRH
J£:100 V; 254085k J7:379 kPa; i B <% J7:379
kPa; 545 R & 17:241 kPa; H35 75 Bl m/z 150 ~ 2
000,
1.2.3 #E# CPCC 401591 XK =M 5T Mty
5

Fie BRI o SRR B SCR AR Y
TR AR IE B R S AR I Stachybot-
rys sp. CPCC 401591 £ 1R Z BgfLEEY 1Y) Q-TOF-MS/
MS 2 i ik SCF . B 4h B 38 1) ProteoWizard
AL R mzXML A% 20 L f& 2 GNPS 7 5 (ht-
tps://gnps. ucsd. edu) , FH1T50F R4 B2 081, 44
BB BT A B o R 2 v B A B P T
W55 5347
1.2.4 LA RBEISE

K= SR LR LR AL 3 Wk, IR vk
A3 (80 g) o 80 g BEE LA 1+ LAY LL B
200-300 H ik fe S 78 2 A A, DL G0 H Be- A
FHEATRR BEVR I (VR A5 100: 0-95: 55902 10—
85: 15—80: 20—75: 25—70: 30—65: 35—60: 40—55
145501 50—45: 55—40: 60—0: 100) , 7 # F7 50
mL/min, &PHEREE 250 mL W8 1, X BT A IR
s 4e TLC )2 @08 40 i 5 6 01, Hlkc g 10 4>
W (Al ~ A10) . #24 HPLC-DAD #5 & K] 3% #01
PSM 24654 55 ARWICRFAE , 26 B 43 A13, A12 Al
Al A15r s alifl, Wior A13(0.62 g) 2l %
BB 3% (pHPLC) | Bl AH A S iG-7K (45155 +
0.01% TFA;3 ml/min) , /S8 {kE54 1(8.3

mg,ty = 6.2 min) , fb &Y 2(21.5 mg,t, = 6.7
min) FIALEH 3(9.1 mg,t, 7.7 = min), Jisr Al2
(0.5 g) AkZ % H pHPLC il %, i s #H S £ 7K
(40:60 +0.01% TFA;3 mL/min) , 4li{k18 2L 5Y)
4(2.4 mg,t321.3 = min) , L&Y 5(21.0 mg, t,
31.7 = min) o i Al4(1.0 g) AP R A
3%, WA S CNE-/K B BEVEE (0 ~ 15 min, 15:
85;15:85—40: 60,40 min;40: 60—90: 10,30 min;90
:10—100: 0,10 min;100: 0,15 min; jii# S~ 20 mL/
min) , FEAEVEBL 16 M (B1 ~ B16) . Jiis> B6 %
Ffi 46 24 HPLC ) 4%, i 3h AH S i§-7K (37 63 +
0.01% TFA;3 mL/min), /7y B4 2{b-54 6 (4.2
mg,ty = 11.8 min) ; fb5%) 7(3.6 mg,t, = 14.6
min) , Vit 5> BO kSR HIE % 28 HPLC 4%, i 3l
FHR 7K (45:55 +0.01% TFA ;3 mL/min) , 4fifk
HEMEE% 8(11.2 mg,t, = 14.6 min) ,
1.2.5 CCK-8 il fb &4 o 2 f & 75 14

Kt 77 T-80 °C 1Y 4fl g 52 I, A A1 85 3% T &
10% Jif 4 i 79 DMEM };3%3%,5% CO, 37 °C Y
PR R 3595, HepG2,HCT116 F1 Hela 48 iy
PA5 x10° A~/mL B2 FpF 96 FLANM R IR, TR LA
FL100 pL, [R1HsF 96 LA M 3% 2 4R (14 30 Z AL L)L JC 1A
PBS Z¢ il IH 7S, IS ik S i G800 . 1 24 h JS
25 (RRINFE A iE . DMSO W i F B 53 3 5 ANk i
BEEE) o ANTRIBERE B B DU AR 5 A 96 FLAR , 2% 1>k
BEX 3 AN AL, I BEE AT R DMSO 19 %) B ZH A G
AN B SRR 23 VA TR Ak 2 Sy I P Xk
H, BIEFBARE T 5% CO, 37 CREFRAE ISR 48
h, BALINMA 20 pL CCK-8 3, T 4R % %44 37 °C
ARSI E 2 h, LR AR TN OD 50 I 5 5L 1 W
JGAE, 4% T A H R,

g e A & =
(OD s~ OD 433 ) / (OD 0= OD ) x 100%

Xf BRZH - HA 41 CCK-8 M AH AN 2 4y 5 52
Yool A 4HE . CCK-8 VS M2 s i s 25 4 &
CCK-8 3L, & A FIZ 4,
2 ZEHER
2.1 OSMAC EBg 4L 4L B ¥ Stachybotrys sp. CPCC
401591 KEEIEHRE

OSMAC S&ms |3z W T 32 R AR ™ )
FE 08 A R B, g 0 ] Bl Tz B Ry O
pel112) iy e g Stachybotrys sp. CPCC 401591
TE 4 P[] A e B e ik rp R A - A o= 2 FE
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SIFTEE R ANE 1 iR, HPLC 4347 280 nm kg I 5%
R, =Pk & B 5255 (PDB (BY 1 F2) tb &4
R [ Z R F 5 ~ 13 min, ROK & B 57 5L F2 22
FERTE 10 ~ 18 min, [F]AF, F#k CPCC 401591 Kok
A S e A B o &, BRI = 'R

(B TAIB) o #E— 270 M KOK S e i By v — 26
P i 25 A1 W iR AIE (230,285,330 nm) (UL ]
LA) o D, i BOROK Je I 15 5% B4 D T #k CPCC
401591 JOHIE K 19 Y 15 37 HE 0T & i 22 A 53 W 00 25
A TAE,

280 nm
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B 1 Stachyboirys sp. CPCC 401591 FE TR [ & B IS S B B 5T 5> 47
Fig. 1 Metabolic spectrum analysis of Stachybotrys sp. CPCC 401591 on four different fermentation media

T A1:280 nm BRI AN Y (I 1] 22 57 s B ELSD A 22 57 A2 : AT B FRZLHE N AL S 9 58 AR &T 3 o Note: Al The differences of detection
by measuring UV absorbance spectra at 280 nm;B:The differences of detection by measuring ELSD;A2; UV absorption spectra of the compounds

shown in red box of Fig. Al.

2.2  E#k Stachybotrys sp. CPCC 401591 KK & BEIR
Iy GNPS 4347

A HE B Bk CPCC 401591 f4 Yk 24 A% 3577 4 O
PRV TE AR 43, SR FH e 8OO €833 - R I B 3%
(LC-MS/MS) 454 73 W 4% GNPS S H% , Xf #HL $2 9
(o HEA TR FRAE . FE T MS/MS Sk A,
TRIR ROK T AL 12 0 1 ] LA 53— T 4% 3R A e
o H VAR R T, R IR R AT,
NS T 13 A . HARXT 2> 7 B i
e m/z 209. 108 ~540. 520 2 Ja], 45495 I PSM 254k,
BT (UL 2) o Rk, 38 2k SRR 18 A0 A 48
FEATAIT, 19 5 m/z 386. 962 1 430. 857 43 1| g % 5

A chartarlactam F Fl stachybotrin a¥ H: [6] 43 7 #4
PR, [, PSM 260y T8 ik g — 86 43 T i
(520.56 F1 524. 68 45 ) A WARIHE', $RAR A Tix st
G Wnl BeSE B ) PSM 246 590
2.3 HEHETE

UEW1 FFEKAK;ESI-MS:m/z 430.4[ M +
H] ", 2+ F Xk C, Hy NO,;'H NMR (600 MHz,
CD,0D)5:6.40 (1H,s, H-3'),4.47 (2H, s, H7'),
3.79(2H,t,J = 5.6 Hz,H-2""),3.66(2H,t,J =
5.6 Hz,H-1""),3.28(1H,m,H-3),3. 18(1H,d,J =
16.2 Hz, H-11b),2.76 (1H,d,J = 16.2 Hz, H-
11a),2.23(1H,dd,J=12.4,2. 7Hz,H-5) ,2. 02
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(1H,m,H=2b),1.85(1H, m,H-8),1.76 (1H,m, H-
1b),1.68(1H, m,H-7b) ,1.65(1H,m,H-6b) , 1. 61
(1H,m,H-6a),1.58(1H,m,H-7a) ,1.55(1H, m, H-
2a),1.14(1H,m,H-1a),1.09 (3H,s, H-15) , 1. 04
(3H,s,H-14),0.95(3H,s,H-13) ,0.72(3H,d,J =
6.6 Hz,H-12) ;" C NMR (150 MHz,CD,0D)§:25.3
(C-1),26.3(C-2),77.3(C-3),38.8(C4) ,41.2(C-
5),22.3(C-6),32.0(C-7),38.8(C-8),100.8 (C-
9),43.3(C-10),32.2(C-11),15.9(C-12),23.5(C-
13),28.7(C-14) ,16.6(C-15) ,114.4(C-1") ,158.6
(C2"),102.6(C-3"),146.2(C4"),107.1(C-5"),
159.9(C-6"),52.8(C-7"),170.3 (C-8"),45.9 (C-
1'),61.4(C2""), i F¥c4e 5 k'™ hi s —
2, KL% ELS Y 1 M chartarlactam H,

a2 EEKHE;ESI-MS. m/z 386.4 [M +
H]*, 4+ =k CyH, NO,;'"H NMR (600 MHz,
CD,0D)§:6.35(1H, s, H-3") ,4.27 (2H,s, H-7") ,
3.25(1H, m,H-3),3.18(1H,d,J = 16.2 Hz, H-
11b),2.76(1H,d,J = 16.2 Hz,H-11a),2.20(1H,
dd,J = 3.0,12.4 Hz,H-5),1.96 (1H, m, H2b) ,
1.83(1H, m,H-8),1.81 (1H, m,H-1b),1.68 (1H,
m,H-7b) ,1.65(1H,m,H-6b) ,1.60(1H, m,H-7a),
1.59(1H,m,H-6a),1.55(1H, m,H-2a) ,1. 13(1H,
m,H-1a),1.05(3H,s,H-15),1.00 (3H,s,H-14) ,
0.90(3H,s,H-13),0.68 (3H,d,J = 6.6 Hz, H-
12);” C NMR (150 MHz, CD,0D) §:25.3 (C-1),
26.2(C2),77.2(C3),38.9(C4),41.2(C-5),
22.2(C-6),32.0(C-7),38.8(C-8),100.8(C-9),
43.3(C-10),32.2(C-11),15.9(C-12),23.5(C-
13),28.7(C-14),16.7(C-15),114.4(C-1") ,159.0

(C-2"),102.8(C-3"),148.6(C4"),106.7(C-5"),
160.3(C-6") ,46.9(C-7"),173.2(C-8") . LI %4
Scmk i RoE — L IS E LA 2l char-
tarlactam F

WwEaw3 WEOKAKESI-MS: m/z 430.5 [M +
H] ", 2+ F =k C, Hyy NO,;'H NMR (600 MHz,
CD,0D)§:6.67(1H,s,H-3") ,4.57(1H,d, ] = 17.1
Hz,H-8b') ,4.42(1H,d,J = 17.1 Hz,H-8a’'),3.79
(2H,t,J = 5.7 Hz,H-2""),3.69(2H,t,J = 5.7
Hz,H-1""),3.33 (1H, m,H-3),3.23 (1H,d,J =
16.2 Hz, H-11b),2.84 (1H,d,J = 16.2 Hz, H-
11a),2.14(1H, m,H-5),2.03(1H, m,H-2b), 1. 85
(1H,m,H-1b),1.84(1H, m,H-8),1.58 (2H, m, H-
7),1.56 (2H, m, H-6) ,1.55 (1H, m, H2a), 1. 06
(1H,m,H-1a),1.05(3H,s,H-15),0.98 (3H, s, H-
14),0.90(3H,s,H-13),0.73(3H,d,J = 6.6 Hz,
H-12) ;" C NMR (150 MHz,CD,0D)§:25.4(C-1),
26.0(C-2),76.5(C-3),38.6(C4),41.4(C5),
22.1(C-6),32.3(C-7),38.4(C-8),99.7(C9),
43.5(C-10),33.0(C-11),15.9(C-12),23.0(C-
13),29.0(C-14),16.5(C-15),118.8(C-1"),155.2
(C2"),102.1(C-3"),134.6(C4"),114.2(C-5"),
7.69(C-6"),171.4 (C-7"),48.3 (C-8"),46.3 (C-
1'),61.3(C2""), DAL b%eds 5 3cmk'™ v il —
., RS2 LAY 3 24 stachybotrin,

wEawa HEBERESI-MS.m/z 444.4 [M +
H] ", 2+ F Xk C,s Hy NO,;'H NMR (600 MHz,
CD,0D)8:6.65(1H,s,H-3") ,4.82(1H, m, H-3),
4.47(1H,d,J = 17.1 Hz,H-8b") ,4.31(1H,d,J =
17.1 Hz,H-8a") ,4.07 (1H, m,H-2),3.30(1H,d, J
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= 16.2 Hz,H-11b),2.94(1H,d,J = 16.2 Hz, H-
11a),2.09 (3H, s, H2'"),1.92 (1H, H-5), 1. 87
(1H,m,H-8),1.76(1H, m,H-1b) ,1.59 (1H,m, H-
6b),1.55(1H, m,H-7b) ,1.50 (1H, m, H-6a) , 1. 49
(1H,m,H-7a),1.41(1H,dd,J = 4.6,12.5 Hz, H-
la),1.14(3H,s,H-15),1.01 (3H, s, H-14) ,0. 93
(3H,s,H-13),0.80(3H,d,J = 6.6 Hz,H-12);"C
NMR (150 MHz,CD,0D)&§:34.7(C-1) ,65.8(C-2),
81.5(C-3),39.2(C4),41.7(C-5),21.1(C-6),
32.2(C-7),37.7(C-8),99.3(C-9),44.8(C-10),
32.1(C-11),15.8(C-12),22.1(C-13),28.4 (C-
14),17.3(C-15),116.3(C-1") ,155.5(C-2"),102. 3
(C-3"),134.9(C4"),116.3(C-5"),157.5(C-6"),
173.9(C-7") ,44.8(C-8'),172.9(C-1"") ,21.6 ( C-
2" o VL EERS Scmk Y R — 8, N % e A
4 4 °f chartarlactam K,

WwEWS HEOKAKESI-MS: m/z 386. 5[ M +
H]*, 4y H CyH, NO,;'H NMR (600 MHz,
CD,0D)§:6.73(1H,s,H-3") ,4.46(1H,d,J = 17.1
Hz,H-8b") ,4.30(1H,d,J = 17.1 Hz,H-8a") ,3. 33
(1H,m,H-3),3.27(1H,d,J = 16.2 Hz,H-11b),
2.87(1H,d,J = 16.2 Hz,H-11a),2.17(1H,dd, J
=3.0,12.4 Hz,H-5),1.95(1H, m, H2b), 1. 86
(1H,m,H-8),1.85(1H, m,H-1b) ,1.66 (1H, m, H-
7b),1.65(1H, m,H-6b) ,1.60 (1H, m, H-7a),1. 59
(1H,m,H-6a),1.57(1H,m,H-2a) ,1. 12(1H,m, H-
la),1.09 (3H,s,H-15),1.01 (3H,s, H-14),0.91
(3H,s,H-13),0.77(3H,d,J = 6.6 Hz,H-12);"C
NMR (150 MHz,CD,0D)§:25.4(C-1),26.0(C-2),
76.5(C-3),38.6(C4),41.3(C-5),43.5(C-6),
32.3(C-7),38.4(C-8),99.7(C9),22.1(C-10),
33.0(C-11),16.0(C-12),29.0(C-13),23.0 (C-
14),16.5(C-15),119.0(C-1") ,157.8(C-2") ,116.7
(C-3"),134.7(C4"),102.1(C-5"),155.2(C-6"),
174.1(C-7"),43.9(C-8") . LA b %d 5 3wk
E—3, NI ELEY) 5 N stachybotrylactam

WEW6 KA ESI-MS: m/z 402.4[ M +
H]*, 4y F Xk Cy Hy NOs;'H NMR (600 MHz,
CD,0D)§:6.70(1H,s,H-3") ,4.42(1H,d,J = 17.1
Hz,H-8b'),4.29(1H,d,J = 17.1 Hz,H-8a"),3.99
(1H,m,H-2),3.29(1H,m,H-3),3.29(1H,d,J =
16.2 Hz, H-11b),2.92 (1H,d, J = 16.2 Hz, H-
11a),1.90(1H,H-5),1.87(1H,m,H-8) ,1. 78 (1H,

m,H-1b),1.59(1H,m,H-7a) ,1.59(1H, m,H-6b) ,
1.55(1H,m,H-7b) ,1.52(1H, m,H-6a) ,1.32(1H,
dd,J = 12.5,4.6 Hz,H-l1a),1.10(3H,s,H-15),
1.05(3H,s,H-14) ,0.89(3H,s,H-13) ,0. 76 (3H,d,
J = 6.6 Hz,H-12) ;" C NMR (150 MHz,CD,0D)S§:
33.1(C-1),67.2(C2),79.7(C-3),39.5(C4),
40.6(C-5),21.8(C-6),32.2(C-7),38.0(C-8),
99.4(C-9),44.7(C-10),34.0(C-11),15.9(C-12),
29.3(C-13),22.5(C-14),17.4(C-15),118.8 (C-
1'),155.3 (C-2"), 102.2 (C-3"), 134.8 (C4"),
116.7(C-5"),157.6(C-6") ,174.0(C-7") ,43.9( C-
8') o LA EXdE 5 3cik b P il — 5k, N E LA
M1 6 A chartarlactam J,

WwEWMT HEBARESI-MS.m/z 488.5 [M +
H] ", 2+ F =~ C,, H, NO,;'H NMR (600 MHz,
CD,0D)8:6.65(1H,s,H-3") ,4.47(1H,d,J = 17.1
Hz,H-8b') ,4.31(1H,d,J = 17.1 Hz,H-8a") ,3.95
(1H,m,H-2),3.67(1H,m,H-1b""),3.59 (1H, m,
H-1a’"),3.32(1H, m,H-3),3.25(1H,d,J = 16.2
Hz,H-11b),2.87(1H,d,J = 16.2 Hz,H-11a) ,2. 05
(1H,H-5),1.98(2H,m,H-2"") ,1.86(1H,m,H-8),
0.75(3H,d,J = 6.6Hz, H-12),1.75 (1H, m, H-
1b),1.60 (1H, m, H-7b), 1.60 (1H, m, H3b""),
1.55(1H,m,H-6b) ,1.52(1H, m,H-7a) ,1.52(1H,
m,H-3b""),1.48 (1H, m,H-6a),1.31(1H,dd,J =
4.6,12.5 Hz,H-1a) ,1.09(3H,s,H-15) ,1. 04 (3H,
s,H-14),0.91 (3H, s, H-13) ;" C NMR (150 MHz,
CD,0D)§:34.0(C-1),67.2(C-2),79.7(C-3),39.5
(C4),40.7(C-5),21.8(C-6),32.2(C-7),38.0( C-
8),99.4(C9),44.7(C-10),33.1(C-11),15.9(C-
12),22.6(C-13),29.3(C-14) ,17.4(C-15) ,118.6
(C-1"),155.3(C2"),102.2(C-3"),135.0(C4"),
114.3(C-5"),157.4(C-6") ,171.2(C-7") ,48.5(C-
8'),43.1(C-1""),24.8(C-2""),32.2(C-3""),176.6
(C4") o Jik—2afE 2,3 S aYFg A, 38 ik 45 125
7% CD(Snatzke 3£) """ HEATIGIE, N 3 FT/R, 16
310 nm [} R 11 Cotton BN, 2 7 Fl 3 i B2 HE 3
SHGRL . DL R Sk s — 2
&4 7 H Mer-VGF724B,,

a8 LEMMA,;ESI-MS: m/z 458.5[ M
+H]*, 4+ Hk C, HyyNO,;'H NMR (600 MHz,
CD,0D)8:6.68(1H,s,H-3") ,4.95(1H,q,] = 6.6
Hz,H-1"") ,4.56(1H,d,J = 17.1 Hz,H-8b') ,4.37
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(1H,d,J = 17.1 Hz,H-8a") ,3.35(1H,br,s,H-3),
3.23(1H,d,J = 16.2 Hz,H-11b) ,2.83(1H,d,J =
16.2 Hz,H-11a),2.13(1H,H-5),1.97 (1H, m, H-
2b),1.86 (1H, m,H-1b),1.86 (1H, m, H-8),1. 60
(1H,d,J = 6.6 Hz,H-3""),1.53(1H, m,H-2a),
1.53(2H,m,H-6),1.52(2H,m,H-7) ,1.09(1H,m,
H-l1a),1.06(3H,s,H-15),0.97(3H,s,H-14) ,0. 88
(3H,s,H-13),0.73(3H,d,J = 6.6 Hz,H-12);"C
NMR (150 MHz,CD,0D)§:25.4(C-1),26.0(C-2),
76.4(C-3),38.6(C4),41.4(C-5),22.1(C-6),

4

32.2(C-7),38.5(C-8),99.8(C9),43.5(C-10),
33.0(C-11),15.9(C-12),23.0(C-13),29.0 ( C-
14),16.6(C-15),119. 1(C-1"),155.2(C-2"),102. 1
(C-3"),134.6(C4"),114.7(C-5"),157.6 (C-6") ,
171.4(C-7"),45.7 (C-8"),51.1 (C-1""),15.9 ( C-
27),174.8(C3"") o Lh b8 5 ek b 4R i
eayr 4 —20 N, B b &9 8 444 o4 3a-hydrox-
yl-N-isopropyl carboxyl-phenylspirodrimane,
a1 ~8 LI ILIE 4.,

17
*®
i

352.5 nm, 0.180897

1

4
8 -
W% 0
=3
=
306 fn, -0.691854
203.5 nm, -0.912543
" . 1
250 300

350
# K Wavelength (nm)

400 450

B3 &7 8CDEE
Fig. 3 The CD spectrum of compound 7

7
- on
1 Re g~ OH 3 Ri=H, R=a-OH, Ry= % )

2
2 R=H

5 Ry=H, Ry=p-OH, Ry=H

4
Fig. 4

2.4 fRSMRRREE R

K] CCK-8 LA G 1 ~ 8 HEAT AN RE TG 1
A o D20 0 5 ATHE 40 AR (HepG2) \ NE
SR A0 M PR (HeLa) LA K A 45 g J 40 M &

(HCT116) , LAGUEA A S BH A b B8 25 3547 16 PR 2

o]
4 Ry=a-OH, R2=a—o)1ju\ 2" Ry=H

6 Ry=-OH, Ry=a-OH, Ry=H

P
“OH
7 Ry=B-OH, Ry=a-OH, Ry="C Sy I

L [e]
8 Ry=H, Ry=a-OH, Rj3= Ej}%o

OH

LEaEMm1~8 WILEEM

The structures of compound 1-8

(DL 1) o WML EE R Bk, PSM 2646 & H )
HepG2 .HeLa F1 HCT116 20 M MkA B 47 i 16 1
EAR T RHPEXT I 2 . Hob  Ae 59 2 X 3 by 4
JHES B SO AR s, A3 ) 3 R T X HeLa 41 Y
PREGIR SV B R X AL 2 F1 7 i9f sy
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L5 LB T T C2 AR EEAE A N AR T R R

BT REREAR T VUM ARG P (UL 1) o

&1 KEW1~8WAMEFN

Table 1  The cytotoxic activities of compounds 1-8

L&Y M= Inhibition rate( % )
Compound HepG2 HCT116 Hela
1 47.76 +1.62 60.86 +1.76 56.82 +1.32
2 85.67 £1.59 70.37 £1.62 65.75 £1.47
3 30.25 +0.74 57.34+1.42 9.83 +0.62
4 45.01 +1.42 53.57 +1.37 54.41+1.42
5 31.03 £0.79 59.43 £1.45 38.72 £0.73
6 38.51£1.72 57.02+1.35 55.88 +1.62
7 32.16+1.34 29. 86 +0. 97 2.45 £0.42
8 67.31 £1.42 55.78 =1.32 57.98 =1.46
5461 Cisplatin 97.50 +1.84 97.50 +1.74 97.50 +1.71

TE AU 100 wmol/L,

Note : Concentration of the compounds was 100 pmol/L.
3 S &R

AHFFEHFH OSMAC A [ LC-MS/MS Fils /31
W0 28 73 BT SR, 4l 22 T 0 1 K BRAR DI T Be A
ZFEEL T Stachybotrys sp. CPCC 401591 H/4y B545 3
8 /> PSM 2RAb 5. ATAF R, X 220K E 1 i TR 2 %K
e BOFZ IR A A TR 22 B T8 7 A 40 ~ 60
5 RRT WY A A KB A YA R A AR
(BGCs) , 5 H aij 73 85 4 5 A ALl = W75 48 02~ vkl
— A7 ZLARET R R 20 PR 250 BGCs J2 TR EY
B, n] RE 2 5 Y B 5 5 R A5 B 4 E . OS-
MAC FARE R E AR A AR A B0 i 5
X G B B RE 37 2 B0 RGO (L A6 B IR R A
3 pH (EFI S F7 I BE 55 ) , DT R A 235 449 357 350 A A
PIE ST L X AliAS OSMAC AR M TS
Tl A= PR A Il B8 — b B4 v 28 mT P T T ELAE X
& 5 5 A7 B9 WF 5 J7 ¥ 0 A BIF 5 B % B Bk CPCC
401591 , 3% ] OSMAC RIEHE5E PDB  BY \F2 A1k K
RS IR B RGBS . £85I bk
IGA =PI H = BE ™ i, Bl g T ROK B IR L2
FAE R R 3R 4, R W] OSMAC BN 12 TR Bk 47 i
P R BER S . W, AR50
GNPS 73 - ¥ 2% 73 #7 5 W iz ] 2] %) i #k CPCC
401591 eI TR L AR 73 A, F4 15 S A iy
SO S B T AL S Y B R T L
X, PR DA R o BT RE d rh BT R A S 2
Ik Bl A TR S T R R RO B

PSM Ak & ¥y H iy 2 A 7 7 7 2 s R PR 5

My Ja HL R oy AR B IZ S B Y X R |
FERIBREE ST . LAY stachybotrin D HAT i
EPT HIV 55, 6 HIV-1,, CHIV-1 pyg0en 55 2848 B
(1) EC5, fEATF6.2 ~23.8 pM™ | Jia 25 W58 & 90
bistachybotrysin K %t HCT116 FI NCI-H460 %2 2
JEBRIY 1Cs, (E A T 1.1 ~ 4.7 pM, AWFFER Btk
Stachybotrys sp. CPCC 401591 7 it ¥R A% it 7= 4y T
JEHIFSE, 455 A 5 W e il 1 5 A1 i i (230,285,330
nm) , FI| ] ZFh 75 H AR DL BRPGEHAR , 73 B
WiE T 8 A PSM KA G Ry a5, i — D85
GNPS 34, & 1% W bk 1Y & B 3 IR o AT & A 2
AFAART PSM 28 R IKML B W) 431 AR D & D
KREEIFEI ARG, Rt W i — PRk
Wi AL R AT 456 HPLC-UV-MS $ R -4k
WX PSM 23 1, HET, &ATE 24 5% MUE
Stachybotrys sp. CPCC 401591 (14K 40 0 /7 , i it
SRz T BoE AL F) 2 AT RERY PSM ZRL5 W)
(RLEY) G R R psd] T psd2 o P BE DRI A 1 &5
A TR T ~F 1hE 5 ot s % i 1A  T) e 32 ik PR
i ~F 1 0 A (£ 45 EUIL G P450s S 5% I &0
A OB AL AT ) o X g FRATTE St B A6 D m R
S, T M S AT PSM 2L 5 WA= W) 6 LR AR I 48
JE AR WU RE WIS B8 LAt PRI, ARAIE SR
T B B A Stachybotrys sp. CPCC 401591 g
g4 PSMALG Y, & TR G Y 1y 45
e, — PRIEAR R AW R A
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