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Chemical constituents of endophyte Myrothecium roridum LLY from Ephedra
equisetina and their in vitro cytotoxicity
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Abstract: Objective To study the chemical constituents of solid fementation product of endophyte Myrothecium roridum LLY from
Ephedra equisetina and their in vitro cytotoxic activity against cancer cells. Methods Isolation and purification were performed
through silica gel and Sephadex LH-20 gel filtration column chromatography as well as HPLC method, and structures of obtained
compounds were elucidated by HR-MS and NMR comparised with the data of literatures. /n vitro cytotoxicity was evaluated through
MTT method and preliminary cytotoxicity mechanism was studied using flow cytometry and Western blotting. Results Nine
compounds were isolated from the solid fementation product of endophyte M. roridum, which were identified as
1-phenazinecarboxylic acid (1), 1-methoxyphenazine (2), N-methyl-1H-indole-2-carboxamaide (3), monomethylsulochrin (4),
ditryptophenaline (5), lumichrome (6), deoxyleporin B (7), uracil (8), and thymine (9), respectively. In vitro cytotoxicity assay showed
that compound 3 was cytotoxic to the human hepatoma cell line SMMC-7721 with an ICs, value of 38.0 pg/mL, while positive control
cisplatin had an ICs, value of 11.5 pg/mL. Cell cycle analysis indicated that compound 3 could delay SMMC-7721 cells in S phase and
Western blotting showed that compound 3 could up-regulate the expression of cell cycle negative regulation protein p27 and induce the
cleavage of PARP. Conclusion Compound 7 is a new natural product. Compound 3 could induce the apoptosis of SMMC-7721 cells
and the anti-proliferation activity of compound 3 to SMMC-7721 cells is related to S phase arrested and regulated by protein p27.
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Fig. 1 Structures of compounds 1—9
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AVANCE 600 BUZHESEIRA; maXis 5 HF
RAT I E) R4 ;s Hitachi U-3900 40 Y661
Eppendorf 722 BUEEAM 66 RE T Agilent 1260 /5
RO A P200 1T SRR (3% s Sinochrom
ODS-AP ik (250 mm X 4.6 mm, 5 um); Thermo
Series IICO, 4l il 15745 : Eppendorf 5475R #Hi# 1K
MOl SW-CI-1F @ iF 1T4F £ ; Bio-Tek ELX800
% TN RE B A7 1% ; QILINBEIER #E JK ;
centrifuge 5415D E§.0>#/l; BD FACSCalibur i x4
Jfi{%; Bio-Rad JY-ZY5Western blot HLiKAY %%

NG 40 Rk SMMC-7721, FHAS SZ86 %4547
FEEIERER (200~300 H), &g L) 2
HME OISR (GFasy), SRR T4 s
Sephadex LH-20, #iji#i Pharmacia Biotech; {fif4li

Eppendorf

HlE, TEDIA W] JiAQ= S e A — HTJE T AR
(DMSO), Aldrich 2~ +l; JifCH #, Cambridge
Isotope Laboratories; RPMI 1640 157:3E, GIBCO
NHE]; BRETEME, Solarbio W BRI, L
HRIE A EYHARAT AR DU SRR (MTT)
A DMSO, Amresco 2~ 7l; JWEH, TLIRSERRZNIE
AR AT; ML NEE (PD, FRTLSEAEYAIRA
H; WPLAN p27. Cleaved-PARP HL7EFEHIIA, Cell
Signaling A ] ; ZEPT A\ -actin .53 [ P44, Santa Cruz
2wl PR 1gG Pk, bRl E AR ik
Wiky, AbRtERISE /A 8K Marker, Ferments
2Aw]; Kodak X-0% v, FlIAAw]; ECL AL K6
WA, JERCERBEA T Bk, &k, R
T 20 B R ST B A ] ARl ok 2 A 4l
IR LLY J2 AR Ll BR e 25 b 4 s 45 20 1K —
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PRNAEECE, B0 K2R B A R OB SR
Y58 N Myrothecium roridum, % &AL ERATAE 5L
KE IR EY) o7 T o
2 HE
2.1 ERAEBFYHERSSE

M. roridum LLY X/ ﬁﬁi@?&wiﬁﬁﬁ@?o
A4 R TR P~ R e W5, SR = U - TP R
BVRFNRAE 3 (3X10 L), WUE ERREFI1HR
B 52 go HIRESRERAT ARG TH Y, =8 -
FIE (100 : 04 100 : 1. 100 : 2. 100 : 4, 100 : 8.
100 : 16, 0 : 100D BAEELEMATH] 7 AN 55 Fro 1~7,

Fr.1 (2.0 g) ZfkA e, A ilimk-a mish i
Ve, £ 2041 4) Fr. 1-3 1 Fr. 1-4,Fr. 1-3 £ Sephadex
LH-20 Bt ail (=& Ee-HmE 11 1) & HPLC
=LAtk 35 0.6 mg (&Y 1 (HEE-/K 42 1 58;
1.0 mL/min) 1 0.6 mg fb-549) 2 (HEE-K 505, 1.0
mL/min). Fr. 1-4 ZRERAEE CFyie- T B g6
Vel 73, 4 Sephadex LH-20 BERF (01 (=
SHGE-HEE 1 D 4> S35 Fr. 1-4-2-2; Fr. 1-4-2-2
2 HPLC (HIf#-/K 72 : 28, 0.8 mL/min) k254l
334k &% 7 (0.7 mg). Fr.2 (6.8 g) LEIcH:
il CfmEE-Ta R D) 153419 Fr. 2-3, 42
X Sephadex LH-20 #t/R AT (43 ( =l e-HEE 1 -
1) 43433 Fr. 2-3-3-1 # Fr. 2-3-3-2. Fr. 2-3-3-1
SR (=S bE- FHBERE BE VR« Sephadex LH-20
B (AR 10 1) ki & HPLC #F
— B EaA S B EY 4 (FEE-K 703, 1.0
mL/min, 7.9 mg) 15 (FFEE-/K 6 : 4, 0.8 mL/min,
2.7mg). Fr.2-3-3-2 4 HPLC #i{b 753 13 mg 1L &
Y3 (HEE-K 55, 0.8 mL/min). Fr.3 (2.0g) &
TER AT (0343 2 2043 Fr. 3-3, 4 HPLC 43 &5 4lifk,( i
fE-7K 317, 1.0 mL/min) B2LA5Y 6 (2.3 mg).
Fr.4 (2.3 g) SERekEEE, — 50 F be- A I Rh R VG
i, 13201415 Fr. 4-4, P4 HPLC 4y &4tk (H
fiE-7K 2 18, 1.0 mL/min) 52|58 (11.8 mg)
A9 (16.8 mg).
2.2 MTT AN EMARINARRSEE

SMMC-7721 41 IARAE S 10% 8 A8 A4+ 1L 1
RPMI 1640 572+, T 37 C. 5% CO, ) CO;,
R R N TR 2 BRI . X SR K
SMMC-7721 Ziff, LL 1X10* AN/l T 96
LB, RUEBERS 3% 24 h i, SEERA 2 I 2 ul
FIiL&Y (/b& DMSO Bhi, DMSO K

0.2% ), B % 2 23 1 21 0 50 N &5 A AR
DMSO FI¥5:i. 9% 48 h Ja, f4LINA 20 pL
MTT, &5 E 4 he ARG LT, RALE
150 pL DMSO, 37 CH#&¥% 10 min, 1454 78704
fift, BEFRXAEEK 490 nm AbWISE &AL .
T 1Cso 1H

2.3 RN A A RS ) 4 A FE) HA

HOT B0 A= 8 40 PR e i A 6 LA, 7 37
T 5% CO, H M W B 77 12 ho SR AREFLA NN
SRR R (0.014 0.1. 1. 2. 10 pg/mL)
WA, T 24 he WCERSNML, FITRAH 70% L1
e, 4 CORAFER, 2/ E 18 he AL
IRAT, 2400 r/min .0 10 min (2 28, 40 E
&1 0.4 mL UL AEESEH (2 RNaseA),
37 CARUE 30 min CHLAL PN BE L R A 50
pg/mL, RNaseA & JitH %y 20 ng/mL), RJ5H
400 H Miiggd . 5o, AT 04T, M ModFit
LT3.0 #RAF73 47 40 1 J S5 45 S0 40 B i of 5 40 L 1)
HIr 5
2.4 Western blotting ;50 & 5 &%

IS 2R “2.37 T BN 2 MBS R 41,
FEEREIRW, VATV ) PBS Va2 ¥k, AN 44
TR 1 X SDS 2B, UK EJECE 30 min. LA
B R 403, 7K 10 min, 285 4 °C, 12 000 r/min
#5010 mine HEIE, HMR Lowry iEHHTH H €
o PSRRI PR BEAT LA, DRUESESFE S
LA AR —8 &4 SDS-PAGE &, ##
% PVDF fii¢ I .PVDF LA 5%/ Wk 514 4 h 5,
IIA—Pud . @PBSa, FIMABE A BbR
WO =P, IR RN 3~4 he BE25 OV 45
PBST V¥ 3 X, K 10 min. #iJ5 ] ECL fb2% kK
o6, &t Wi, EE, R, H
J&i F Tmage J 3P EAT MG e =00 M7
25 HitHphAE

I SPSS17.0 HEATHAPE 27 2250, 4 [R) 2%
SEFH SNK #EH#E, P<<0.05 7543 .

3 F#R
31 HEHEE

a1 R AEIRE S (& G- ED,
4313 C13HgN,0,, HR-ESI-MS: m/z 225.065 5 [M+
H]', 247.047 5 [M+Na]" (C;3HsN,O.Na, 5.1k
247.048 3), 471.106 [2M+Na]". '"H-NMR (600 MHz,
DMSO-dq) o: 8.21 (2H, m, H-6, 9), 7.99 (1H, dd, J =
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8.4, 1.2 Hz, H-2), 7.92 (2H, m, H-7, 8), 7.81 (1H, dd,
J =90, 6.6 Hz, H-3), 7.55 (1H, dd, J = 6.6, 1.2 Hz,
H-4). UL 3 5 Scimaia s A — 80, et
BV 1 AWIE-1-RTK .

B 2: RF ARG (& fe-H D,
7+ F28 C13HoN,O, HR-ESI-MS m/z: 211.086 1 [M+
H]" (Ci3H;N,O, 151 211.087 1) ,233.068 1 [M+
Na]®, 443.148 3 [2M+Na] . 'H-NMR (600 MHz,
CDCl;) 6: 8.42 (1H, d, J = 8.4 Hz, H-9), 8.25 (1H, d,
J = 8.4 Hz, H-6), 7.85 (3H, m, H-4, 7, 8), 7.77 (1H, t,
J = 8.4 Hz, H-3), 7.10 (1H, d, J = 7.2 Hz, H-2), 4.20
(3H, s, 1-OCH3); “C-NMR (150 MHz, CDCly) &
155.3 (C-1), 144.4 (C-4a), 143.6 (C-5a), 142.3 (C-9a),
137.0 (C-10a), 130.9 (C-7), 130.6 (C-3), 130.3 (C-8),
130.2 (C-9), 129.4 (C-6), 121.6 (C-4), 106.5 (C-2),
56.6 (1-OCH3)o LA 1 #0¥s 5 SCHiRIRIE S A — 507,
WSS e G 2 O 1-FAE SR .

&Y 3. AtmEHRg s (HED, 407
CioH;(N,O. HR-ESI-MS m/z: 175.086 8 [M+H]"
(C1oH;IN;O, TI5HAH 175.087 1) , 197.068 6 [M+
Na]®, 371.148 7 [2M+Na]". 'H-NMR (600 MHz,
CD;0D) ¢: 7.55 (1H, d, J = 7.8 Hz, H-4), 7.40 (1H, d,
J =178 Hz, H-7), 7.17 (1H, t, J = 7.2 Hz, H-6), 7.02
(1H, t, J= 7.2 Hz, H-5), 6.97 (1H, s, H-3), 2.90 (3H, s,
H-12); C-NMR (150 MHz, CD;0D) §: 164.1 (C-10),
137.5 (C-8), 131.5 (C-2), 128.3 (C-9), 124.2 (C-6),
121.9 (C-4), 120.4 (C-5), 112.3 (C-7), 103.8 (C-3),
25.7 (C-12). Lh_EXeds 5 Scpkips S A 80, i
EWAW) 3 4 N-methyl-1H-indole-2-carboxamaide .

WwEY) 4: Ak R, 130 CisH 1307, HR-ESI-
MS m/z: 369.094 9 [M+Na]™ (CsH;3s0/Na, t5{H
369.090 5) , 715.199 1 [2M~+Na] . 'H-NMR (600
MHz, CDCl;) J: 12.99 (1H, s, 2’-OH), 7.03 (1H, d, J =
1.8 Hz, H-6), 6.62 (1H, d, J= 1.8 Hz, H-4), 6.46 (1H,
s, H-3"), 6.06 (1H, s, H-5"), 3.71 (3H, s, 3-OCH3), 3.69
(3H, s, 7-OCH3), 3.37 (3H, s, 6'-OCH3), 2.29 (3H, s,
4'-CH3). LA X0 5 Sk s A — 5, dke
G 4 Sk FIEGUR R R .

WEY 5: RHEEOKAKR, 77130 CiHyNgOygo
HR-ESI-MS m/z: 693.317 8 [M—+H]", 715.299 9 [M+
Na]" (CyHyoNgO4Na, T1HAH 715.3009) , 731.273 9
[M+K]". "H-NMR (600 MHz, CD;0D) ¢: 7.61 (4H,
t, J = 7.2 Hz, H-20, 20’, 22, 22"), 7.54 2H, t, J= 7.2

Hz, H-21, 21'), 7.22 (4H, d, J = 7.8 Hz, H-19, 19, 23,
23'),7.09 (2H, t, J = 7.8 Hz, H-7, 7'), 7.02 (2H, d, J =
7.8 Hz, H-5, 5), 6.71 (2H, t, J = 7.8 Hz, H-6, 6'), 6.62
(2H, d, J = 7.8 Hz, H-8, 8'), 5.07 (2H, s, H-2, 2'), 4.45
(2H, brs, H-15, 15", 3.70 (2H, dd, J = 10.8, 4.8 Hz,
H-11, 11'), 3.55 (2H, d, J = 13.8 Hz, H-17a, 17'a),
3.36 (2H, overlapped, H-17b, 17'b), 3.09 (6H, s, H-24,
24),1.95 (2H, dd, J = 12.0, 4.8 Hz, H-12a, 12'a), 1.53
(H, t, J = 12.0 Hz, H-12b, 12'b); *C-NMR (150
MHz, CD;0D) ¢: 167.7 (C-13, 13"), 165.6 (C-16, 16),
152.7 (C-9, 9", 136.1 (C-18, 18'), 130.7 (C-7, 7'),
130.51 (C-20, 20", 22, 22'), 130.49 (C-19, 19’, 23, 23"),
129.2 (C-21, 21'), 127.8 (C-4, 4'), 126.5 (C-5, 5),
119.2 (C-6, 6), 110.3 (C-8, 8'), 79.9 (C-2, 2'), 64.4
(C-15, 15", 60.5 (C-3, 3'), 59.7 (C-11, 11"), 37.5
(C-12, 127),37.0 (C-17, 17"), 33.2 (C-24, 24"}, LA L%k
o 5 SR IR E A S, s A 5 N
ditryptophenaline

WEY 6: R taH R, 71K CoHioN4Oso
HR-ESI-MS m/z: 265.069 [M+Na]" (C1,H;(N4O,Na,
A 265.070 1H1507.150 1 [2M+Na]*. "H-NMR
(600 MHz, DMSO-d) 6: 11.84 (1H, s, 3-NH), 11.67
(1H, s, 1-NH), 7.92 (1H, s, H-9), 7.71 (1H, s, H-6),
2.49 (3H, s, 7-CH3), 2.47 (3H, s, 8-CH3). LA FHE S
eI R A B, s E S 6y 7.8-
KR

wEY 1: AR, TN CpHisNO,.
HR-ESI-MS: m/z 336.195 6 [M+H]" (C,,H,6NO,,
Y 336.196 4) |, 358.177 5 [M+Na]". 'H-NMR
(600 MHz, CDCLy) &: 11.22 (H, s, 2-NH), 7.41 (2H, d,
J =172 Hz, H-18, 22), 7.36 (2H, t, J = 7.8 Hz, H-19,
21), 7.31 (1H, t, J = 7.2 Hz, H-20), 7.16 (1H, s, H-3),
5.74 (1H, m, H-15), 5.38 (1H, m, H-14), 4.85 (1H, dd,
J =114, 8.4 Hz, H-13), 2.78 (1H, dd, J = 10.8, 3.6
Hz, H-7), 1.79~1.76 (3H, m, H-12, 11, 9), 1.73 (3H,
dd, J= 6.0, 0.6 Hz, H-16), 1.61 (2H, m, H-8, 11), 1.54
(1H, m, H-10), 1.42 (1H, m, H-10), 1.29 (1H, m, H-9),
1.01 (3H, d, J = 6.0 Hz, H-23); "C-NMR (150 MHz,
CDCls) d: 164.4 (C-1), 160.3 (C-5), 134.4 (C-17),
131.0 (C-3), 130.8 (C-15), 129.5 (C-14), 129.1 (C-18,
22), 128.1 (C-19, 21), 127.0 (C-20), 115.2 (C-6), 111.6
(C-4), 78.1 (C-13), 37.1 (C-7), 36.0 (C-12), 35.9
(C-8), 35.2 (C-9), 26.5 (C-11), 20.9 (C-10), 20.5 (C-23),
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17.8 (C-16). LA Xl 5 scikipi e A —5d ), i
WREWAWY) T A deoxyleporin B.

wEY 8: AtkAR, T8 CHNO,.
HR-ESI-MS m/z: 113.036 8 [M+H]", 135.018 0 [M+
Na]" (C4HsN,O,Na, T141H 135.017 0) 1 247.042 2
[2M+Na]". '"H-NMR (600 MHz, CD;OD) &: 7.39
(IH, d, J = 7.8 Hz, H-6), 5.62 (1H, d, J = 7.8 Hz,
H-5). VL EXolR 5 Scikafas A — 2509, ket
B 8 h JRWEIE .

WEY 9: AR, T8 CsHN,O,,
HR-ESI-MS m/z: 127.050 6 [M+H]", 149.032 [M+
Na]" (CsHgN,O,Na, 151l 149.032 7) F1275.074 8
[2M+Na]". 'H-NMR (600 MHz, DMSO-dg) &: 11.0
(1H, s, H-3), 10.6 (1H, s, H-1), 7.25 (1H, s, H-6), 1.72
(3H, s, 5-CH;); "C-NMR (150 MHz, CD;OD) &:
167.5 (C-4), 153.8 (C-2), 139.2 (C-6), 110.5 (C-5),
12.2 (5-CHz)o DA -3 5 SCpkaii SeA— 201, it
YE A 9 A M flRmE .

| BT  0.01 pgmL™
1600 = f ]
1 G: 71.21% 1200
1200 = S: 24.33% 000 ]
=
§ 500 ] Gy: 4.46% 2
E E 5 600 ]
400 ] 300 ]
0 0
0 30 60 90 120 150 o 40
FL2-A
-1 2 ugmlL !
1 pg'mL ug
16007 Gy: 70.94% 1 600
] S: 25.88%
1200 -
] Gy: 3.18% 1200

3.2 EYRIRINEREES T

KH MTT E0AAE PEAT A4 0 40 i 753 P
GE, iR KB, WEW 3 R N9 R
SMMC-7721 HA KRN A REFETE, o 1Cs fHA
38.0 pg/mL, BHEXT BTV ICso {524 11.5 pg/mL.
3.3 L&Y 3 X SMMC-7721 4R B9 40 Rt JE #A Y
A

S it 154 52 4 SRS PRDRS 25 R 45, ARG
W) 3 % SMMC-7721 4 i (1) 3G 50 i 4 2 15 5 4
J SR AR OG, SR — e Uk FE (0.01 0.1+ 1,
2 F1 10 pg/mL) [MAEY) 3 A3 SMMC-7721 41 i
24 h, RIGWEEAIE, & OB e PLY G, KRG
AT MRS A AT . SR, & 3 TTE,
SMMC-7721 41 1¢) S H40 i Eb 51 HH BH 16 BLONC)
1] 24.33%7> A3 INE 27.35% 25.33%- 25.88%-
26.77% F1 28.93% . XXM AEW 3 1T
SMMC-7721 4] S M4l 2, B S JH4n i
WIBH AR, AHIBRAE eSS (B 2.

0.1 pg'mL™"
Gi: 68.23% ] Gy 68.66%
$:2735% 12004 $:25.33%
Gy: 4.42% = 900 ] Gy: 6.01%
2 4

§F 600 7
300
, 0 -} =
80 120 160 0 40 80 120 160
FL2-A FL2-A
10 pgmL™
Gy: 63.90% 1000 ] Gy: 62.45%
S:26.77% ] S:28.93%
800

G1: 9.33% 1 G»: 8.62%

B ]
2 400 2 = 600 ]
F 1 ]
400 3
400 - ]
] 200 ]
0 - o e — 0 -
0 40 80 120 160 0 40 80 120 160 200 0 40 80 120 160 200
FL2-A FL2-A FL2-A

2 k&Y 3 X SMMC-7721 AR E HA R £ 0E
Fig. 2 Effect of compound 3 on cell cycle of SMMC-7721 cells

3.4 L&Y 3 X SMMC-7721 £R BB £R B E A 3
2EB p27 IFm

0 Y0 S5 5 2 A L R SO PR B R A, T p27 2
FEE A A roREEA. ABESHES Y 3
753 SMMC-7721 40 Jfa A AR AL, A L5 R
—EWSE (0.01. 0.1, 1. 2 F1 10 pg/mL) HItLEH

3 4P SMMC-7721 41, 24 h G EAMEH,

K H] Western blotting 73 4T p27 S &, PAARINZ
FUERCIVEBATEXRT R, B-actin NS . 48R AI, 1L
AW 3 WP, SMMC-7721 #fiwrh p27 H A EX
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Fig. 3 Effect of compound 3 on expression of protein p27 in
SMMC-7721 cells
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BRI 0.01 0.1 1 2 10
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El4 L&Y 33 SMMC-7721 4AH2+ Cleaved-PARP RIS
Fig. 4 Effect of compound 3 on Cleaved-PARP in
SMMC-7721 cells
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