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Secondary metabolites of endophytic fungus Nigrospora oryzae D7 from
Scrophularia ningpoensis

SHEN Zhanyun?!, CUI Mingchao?, WANG Juan!, ZHU Bo?, QIN Luping?
1. Zhejiang Pharmaceutical University, Ningbo 315100, China
2. College of Pharmacy, Zhejiang Chinese Medical University, Hangzhou 310053, China

Abstract: Objective To study the secondary metabolites and its biological activities of the endophyties Nigrospora oryzae D7
derived from the roots of Scrophularia ningpoensis. Methods The secondary metabolites of N. oryzae D7 were separated and
purified by using the chromatographic methods (silica gel, Sephadex LH-20 and HPLC). The structures of all compounds were
determined by chemical and spectroscopic methods (NMR, mass spectrometry, etc.). Results A total of 11 compounds were
isolated from N. oryzae D7 and identified as 4,5,8-trihydroxy-6-methoxy-2-methyl-3-(2-oxopropyl)-3,4-dihydronaphthalen-
1(2H)-one (1), (S)-2-methyl-2,3-dihydrobenzofuran-4-carboxylic acid (2), 3-hydroxy-2-methoxy-5,6-dimethylbenzoic acid (3),
2-ethoxy-3-hydroxy-5,6-dimethylbenzoic acid (4), 2,4-dihydroxy-3,6-dimethyl benzaldehyde (5), 2,5-dimethyl resorcinol (6),
2-(4-hydroxyphenyl) ethyl acetate (7), tyrosol (8), a-acetylorcinol (9), 5a,8a-epidioxy-(20S,22E,24R)-ergosta-6,22-dien-3p-ol (10),
(3B,50,6p,22E)-ergosta-7,22-diene-3,5,6-triol (11), respectively. The results showed that compound 1 had strong anti-tumor activity
against A549 and MDA-MB-435 cell lines with the ICso values of (9.25+1.60) umol/L  and (11.37+2.10) pumol/L, respectively;
Compounds 10 and 11 exhibited moderate antitumor activity with the 1Cso values of (25.23+2.50) umol/L and (27.48+1.90)
umol/L, respectively. Conclusion Compound 1 is a new naphthoquinone compound, which is named naphthspora A. Compound 1
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has strong cytotoxicity on the proliferation of lung cancer cell line A549 and breast cancer cell line MDA-MB-435 cell. Compound
10 and 11 have moderate inhibitory effect on lung cancer cell line A549.
Key words: Scrophularia ningpoensis Hemsl.; endophytic fungi; secondary metabolites; Nigrospora oryzae; naphthspora A; 5a,8a-

epidioxy-(20S,22E,24R)-ergosta-6,22-dien-3p-ol
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A4 B Nigrospora oryzae D7 N RN XS
Scrophularia ningpoensis Hemsl. #7143 85 753 3] , A< 5k
Wkt ZZNAHEE N. oryzae #HATIRARE=)
I TE, BAEE RIR AR A e R G B
KO EARE 1L MEE, 734 E 4,5,8-—FFk-6-
FH 4R 3 -2- F Jk -3-2- A Tt -3,4- & 25 -1(2H)-Fil [4,5,
8-trihydroxy-6-methoxy-2-methyl-3-(2-oxopropyl)-3,
4-dihydronaphthalen-1(2H)-one, 1]. (S)-2-F3%-2,3-
AR IR R R -4- 2 R [(S)-2-methyl-2,3-dihydro-
benzofuran-4-carboxylic acid, 2]. 3-}%3k-2-F 42 J-
5,6- — H 3t K B R ( 3-hydroxy-2-methoxy-5,6-
dimethylbenzoic acid, 3). 2-Z. %8 %k-3-¥23E-56- - H
FIKHE (2-ethoxy-3-hydroxy-5,6-dimethylbenzoic
acid, 4). 2,4- " 3-36- K HEE (24
dihydroxy-3,6-dimethyl benzaldehyde, 5). 2,5-—H
FEMaK My (2,5-dimethyl resorcinol, 6). 2-(4-F7K
F) LR OBE [2-(4-hydroxyphenyl) ethyl acetate, 7]
% B¢ ( tyrosol , 8 ) . a-acetylorcinol (9 ) .
(20S,22E,24R)-50,8a- ff — % - % £ 5 15t -6,22- — ) -
3B- B [5a,80-epidioxy-(20S,22E,24R)-ergosta-6,22-
dien-3p-ol, 10]. (3B,50,6p,22E)- £ {-7,22- -
3,5,6- = I [(3B,5a,6B,22E)-ergosta-7,22-diene-3,5,6-
triol, 11]. HHEY 1 NHHZEERELEY,

ZONFEREAAER A IETEMRR S LRI S 1 XA
I 24t L AB49 FITN L e 41 e MDA-MB-435 i ffd
PR EA BRI A K AIHE 1, 2 Ed )& 5 (median
inhibition concentration, 1Cso) 4354 (9.25+1.60).
(11.37£2.10) pmol/L; &% 10 AT 11 % A549 4
LR BETE A — i€ B4HE 1, 1Cs0 7370 (25.23+
2.50). (27.48+1.90) pmol/L.
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Bi R (Hh%% 2 200 g+ Hi%&iBE 20 g+ 7K 1 000 mL);
T (DMSO, B4 TAY TEARAF]D;
CCK-8 il ( Higlg R A IR AR ; DMEM
BEFRFAE R4S (FBS, 24 Gibco AF]).
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F R EWHT 22 KB, AW R 2 K%
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LA T AEY) TRA R A A % % N Nigrospora
oryzae (Genbank /%15 MH782625). FEAf#EA T
WL H R 2 K22 25 B
1.3 ZHREKE

A549 ZH il Al MDA-MB-435 41 gl (5 rp [E A} 24
B b A )
2 Rk
21 HRLE:

BN AEEE D7 B2 250 mL AT (45 100
mL PDB £57%3£), 26 °C, 180 r/min ig B IR R 77
7d )5, #H:N 5 L HEEIE (& 3L 1) PDB #7750,
B3R 10, BB TEIER R, T 28 C, 3%
10d, %30 L AR KR .
22 RERHAHNERS NS

BB N. oryzae D7 ) KB4 H HEEIR 2
3 K, IR AIBER O BEAEHUE 19 BIBS IR L Be B AL
REY 1459, KZREAEREGORE, fAili-Hs
MR HE%% (40:1.30:1,20:1,10:1. 8: 1.
511,311,151, 1:2) BEEEVERL, £ TLC A&l
E I 10 NSy (Fro AL~A10). it Al-1 405y
HHATEERR A (% . HPLC 4ifk (HEE-/K 62 @38, 1
mL/min), BEMLAEY 1 (tk=35.1min, 2.4 mg);
Xt A2-1 W IATRERGKE i . HPLC 2iift (FHfE-
7K 58 © 42, 1 mL/min), fHEILAY 9 (tk=19.0 min,
2.2mg). 10 (tg=24.1min, 2.9 mg). 11 (tr=32.4
min, 2.4 mg). 12 (tg=45.3 min, 2.7 mg); *} A2-3
Y3 AT REIR A (i . HPLC 4lifk (FFEE-/K 70 © 30,
1 mL/min), 3EMLAY) 2 (tr=40.0 min, 3.1 mg)-.
3 (tg=34.3 min, 2.1 mg). 4 (tz=38.3 min, 2.3 mg).
5 (tr=45.3min, 2.6 mg).

¥ A4-3-1 5 AT BEI AT (Al . IRAHRERAE 8
W, HPLC 4ift (HEE-7K 52 : 48, 1 mL/min), 15
F{b 54 6 (1r=32.5 min, 2.7 mg). 7 (tg=22.5 min,
24 mg). 8 (tr=46.2min, 2.4 mg); X} A7-1 #14)
BHATHERRFE IS . HPLC itk (FEE-/K 56 @ 44, 1
mL/min), SF1bE4 13 (tk=21.0 min, 3.2 mg).
14 (tg=25.1 min, 3.4 mg). 15 (tg=32.6 min, 3.4 mg).
3 #£R
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e 1. mEOmR, BTHEE, N, 10%
TRIR 2.1 . (457 i A (. HR-ESI-MS 45 7y 758
TU& m/z 293102 5 [M—H], 44 H-NMR.
BC-NMR, HnFH4r 73N CisH1s06; *H-NMR #E

AIEE R 1 ASXUEF 3 1.16 (3H, d, J = 7.0 Hz). 1
AL HIEE 2.08 (3H, ) A& 1 ANHIE S 3.92 (3H,
s), {EMHA 1 MRIERIF 155 6.47 (1H, s).
FERRIE R IEA 15 NMAE 5, Horb 1A 9ISk
55 55.3 (CHa). 1 MR, 2 MREERE S
208.3 (C), 204.5 (C), 1 MHEIR(E S 10.7 (CH3).
TEFEA 5 AR, K37 6 NSRRI, 46
DL A S AT DAHEN L &9 1 o8 LA 2R &,
H &/ 50414 fusarnaphthoguinone AR A
L, HiZEWA 1 ANHERNFEERFES 1.16
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tEY) 2: ERITCERMAKR; HR-ESI-MS m/z:
179.070 4 [M-+H]*, #EMH 5>+ N CioH1003; H-
NMR (600 MHz, CDCl3) 6: 11.03 (1H, s, -COOH),
7.41 (1H, td, J = 7.9, 2.4 Hz, H-6), 6.89 (1H, dd, J =

OH OH

1 #%&% 18 H-H COSY #1 HMBC =EHXER
Fig. 1 Key 'H-'H COSY (bold) and HMBC (arrows)
correlations of compound 1
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x®1 AW 1K NMR #iE
Table 1 NMR data of compound 1

{73A OH dc
1 157.9 (C)
2 6.47 (1H, s) 98.9 (CH)
3 155.7 (C)
4 137.8 (C)
4a 107.8 (C)
5 5.06 (1H, d, J = 3.5 Hz) 64.1 (CH)
6 2.83(1H, m) 29.3 (CH)
7 3.42 (1H, m) 417 (CH)
8 2045 (C)
8a 105.6 (C)

9  248(1H,dd,J=17.8,44Hz)  40.3 (CH2)
2.16 (1H, dd, J = 17.8, 8.8 Hz)

10 208.3 (C)

11 2.08(3H,s) 28.9 (CH2)
12 1.16(3H,d, J=7.0 Hz) 10.7 (CHs)
13 3.92(3H,s) 55.3 (CHa3)

8.4, 2.5 Hz, H-7), 4.73 (1H, dqg, J = 6.8, 4.4 Hz, H-2),
2.93 (2H, d, J = 6.6 Hz, H-3), 1.53 (3H, dd, J = 6.4, 2.4
Hz, 2-Me); 13C-NMR (150 MHz, CDCls) §: 170.1
(COOH), 162.3 (C-7a), 139.5 (C-4), 136.3 (C-6),
118.0 (C-7), 116.4 (C-5), 108.4 (C-3a), 34.8 (C-3),
20.9 (2-Me). 5Z% A HLIOL, FiE—a, %
AW 2 N (S)-2-H 3E-2,3- E R IR -4- 2T -

e 3: EWHIGERMAK; HR-ESI-MS m/z:
197.081 0 [M-+H]*, I A4>F 20N CioH12045 H-
NMR (600 MHz, MeOD) &: 6.22 (1H, s, H-4), 3.89
(3H, s, 2-OCHs), 2.42 (3H, s, 5-CHs), 2.00 (s, 3H,
6-CH3) ; 13C-NMR (150 MHz, MeOD) §: 174.0
(COOH), 164.2 (C-1), 161.5 (C-2), 140.9 (C-3), 111.5
(C-4), 109.9 (C-6), 105.0 (C-5), 52.0 (OCHs), 24.3
(5-CHs), 8.0 (6-CH3). 5Z% kxS ELIMY, HdE—
B, BENEY) 3 N 3-Fdk-2- A Bk -5,6- — I EEOR
R

WEY 4: FEHIGERKR; HR-ESI-MS m/z:
211.097 1 [M+H]*, #EMH 73+~ C1iH1404; H-
NMR (600 MHz, MeOD) 6: 6.21 (1H, s, H-4), 4.38
(2H, qd, J = 7.1, 1.4 Hz, 2-OCH,CHs), 2.45 (3H, s,
5-CHj3), 2.00 (3H, s, 6-CH3), 1.40 (3H, td, J=7.1, 1.3
Hz, 2-OCH,CHs); 3C-NMR (150 MHz, MeOD) o:
173.6 (COOH), 164.3 (C-1), 161.5 (C-2), 140.9 (C-3),

1116 (C-4), 109.9 (C-6), 105.1 (C-5), 62.1
(2-OCH,CHs), 24.5 (5-CHg3), 14.6 (2-OCH,CHs), 7.9
(6-CH3). LA E##E 5 30k iE — 5, e e s
Y4 2- A HE-3-F2HE-5,6- I HR .

&Y 5: BRI A; HR-ESI-MS m/z:
167.070 9 [M-+H]*, HEMIL 55N CoH1003; H-
NMR (600 MHz, MeOD) 6: 10.03 (1H, s, H-7), 6.22
(1H, s, H-5), 2.47 (3H, s, H-9), 1.98 (3H, s, H-8); 13C-
NMR (150 MHz, MeOD) §: 194.4 (C-7), 165.2(C-4),
165.1 (C-2), 142.9 (C-1), 113.7 (C-6), 110.9 (C-3),
110.1 (C-5), 18.0 (C-9), 7.1 (C-8). & iikxf b4,

B —5, XEEY 5 N 2,4-—F5-36-
K%,
WEY) 6: EWILEMKAR; HR-ESI-MS m/z:

139.076 1 [M+H]*, M5 TN CeH1002; H-
NMR (600 MHz, MeOD) §: 6.14 (2H, s, H-3, 5), 2.13
(3H, s, H-8), 1.99 (3H, s, H-7); 13C-NMR (150 MHz,
MeOD) ¢: 157.0 (C-1, 3), 136.9 (C-5), 109.0 (C-2),
108.3 (C-4, 6), 21.3 (C-8), 8.2 (C-7). 5% ik xf
b2, Hdl—3, S AY) 6 O 2,5- T HIERIR
.

EY 7. ERITGERMK; HR-ESI-MS m/z:
181.086 3 [M-+H]*, #EMllH 53+ N CioH1203; H-
NMR (600 MHz, MeOD) &: 7.04 (2H, d, J = 8.5 Hz,
H-4, 8), 6.71 (2H, d, J = 8.5 Hz, H-5, 7), 4.19 (2H, t,
J = 7.1 Hz, H-1), 2.82 (1H, t, J = 7.1 Hz, H-2), 2.00
(3H, s, CHa); BBC-NMR (150 MHz, MeOD) §: 172.9
(COOCHy), 157.1 (C-6), 130.9 (C-4, 8), 130.0 (C-3),
116.2 (C-5, 7), 66.6 (C-1), 35.2 (C-2), 20.8 (CH3). 5
SR S, s — 5, et &M T N 2-(4-
PRI OBR LG

&Y 8: EMILERMAK; HR-ESI-MS m/z:
139.076 0 [M-+H]*, #EMIH 5+ CeH1002; H-
NMR (600 MHz, MeOD) §: 7.03 (2H, d, J = 8.5 Hz,
H-4, 8), 6.71 (2H, d, J = 8.5 Hz, H-5, 7), 3.68 (2H, t,
J = 7.2 Hz, H-1), 2.71 (2H, t, J = 7.2 Hz, H-2);
BC-NMR (150 MHz, MeOD) ¢: 156.7 (C-6), 130.9
(C-3, 4, 8), 116.1 (C-5, 7), 64.6 (C-1), 39.4 (C-2).

T E S SRk E — B0, St A 8 jjw%o

WEY 9: EMILERMAK; HR-ESI-MS m/z:
154.086 1 [M—+H]*, #Elll H 731 CeH1iNO2; tH-
NMR (600 MHz, MeOD) 6: 6.41~5.86 (3H, m, H-2,
4,6),3.54 (2H, s, H-7), 2.12 (3H, s, 9-CH3); 3C-NMR
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(150 MHz, MeOD) ¢d: 209.5 (C-8), 159.9 (C-3, 5),
137.8 (C-1), 108.9 (C-2, 6), 102.3 (C-4), 51.7 (C-7),
28.9 (C-9). MZHE A —F, LEMED 9 H
a-acetylorcinol.

&% 10 LR HR-ESI-MS m/z:
443.352 1 [M+H]*, #HEMH TN CooHeeOs;
IH-NMR (400 MHz, CDCl3) ¢: 6.50 (1H, d, J = 8.5
Hz, H-6), 6.24 (1H, d, J = 8.4 Hz, H-7), 5.22 (1H, dd,
J = 15.3 Hz, H-23), 5.17 (1H, m, H-22), 3.97 (1H, m,
H-3), 0.99 (3H, d, J = 6.5 Hz, H-21), 0.91 (3H, d, J =
6.8 Hz, H-28), 0.88 (3H, s, H-19), 0.88 (3H, d, J = 6.9
Hz, H-26), 0.82 (3H, s, H-18), 0.81 (3H, m, H-27);
3C-NMR (125 MHz, CDCls) §: 135.6 (C-6), 135.6
(C-22), 132.6 (C-23), 130.9 (C-7), 82.3 (C-5), 79.6
(C-8), 66.6 (C-3), 56.3 (C-17), 51.9 (C-14), 51.3
(C-9), 44.7 (C-13), 43.2 (C-24), 39.9 (C-20), 39.5
(C-12), 37.1 (C-4), 37.1 (C-10), 34.9 (C-1), 33.3
(C-25), 30.3 (C-2), 29.0 (C-16), 23.6 (C-11), 21.1
(C-21), 20.8 (C-15), 20.3 (C-26), 19.8 (C-27), 18.3
(C-19), 18.2 (C-28), 13.0 (C-18). 53k} —%igle],
WEW S 10 N 50,80-epidioxy-(20S,22E,24R)-
ergosta-6,22-dien-3p-ol.

th&W) 11: R, HR-ESI-MS m/z: 431.352 3
[M-+H]*, HEWFL5r 720N CasHas03; H-NMR (400
MHz, CDCls) 6: 5.39 (1H, s, H-7), 5.18 (2H, m, H-22,
23), 4.09 (1H, m, H-3), 3.63 (1H, brs, H-6); 3C-NMR
(100 MHz, CDCls) ¢: 33.1 (t, C-1), 31.0 (t, C-2), 67.9
(d, C-3), 39.7 (t, C-4), 76.1 (s, C-5), 73.9 (d, C-6),
117.7 (d, C-7), 144.2 (s, C-8), 43.6 (d, C-9), 37.3 (s,
C-10), 22.2 (t, C-11), 39.4 (t, C-12), 43.9 (s, C-13),
54.9 (d, C-14), 23.1 (t, C-15), 28.3 (t, C-16), 56.1 (d,
C-17), 12.4 (q, C-18), 19.0 (g, C-19), 40.6 (d, C-20),
21.3 (g, C-21), 135.8 (d, C-22), 132.4 (d, C-23), 43.2
(d, C-24), 33.4 (d, C-25), 20.3 (g, C-26), 19.8 (q,
C-27), 18.2 (q, C-28). HCmkikiBEx LT, %Eth
4% 11 N (3B,50,6p,22E)-ergosta-7,22-diene-3,5,6-
triol.

3.2 PRI FEME MK

K FH CCK-8 12 LA 1% MDA-MB-435 4|
JF1 AB49 ZHMLEI4RREEYE. e, 4HMAE S b
DMEM (&4 10% FBS0.5% W 1) 1% 7k rh 5 9% .
Bt 48 h Ja, HOMEEKIAMANNE, FH 0.25%/# 5
[F1-0.02% EDTA i1k, HUKETE 4X104~5X10*

AL R 2 42 21 96 FLAR T, & 37 'C 5% CO;
B IR R . 24 h 5% 11 ANMEA YD, BHEXT &R
BRI AR 96 FLARH, 135 NEFL, g
JEE T 37 'C. 5% CO (B F-M P E 48 ho )
2 BiE, BRI 90 pL Hrff s = A CCK-8 (10
ul), [FIFEZRAF NAk2ER TR 4 h J5, HIBEARXAE 450
nm AEEHC A fH, THE AR AT Z . T Y
PRI 2K T 500 PN AE LR, WE 6 MR
BB (3.125. 6.25. 12.5. 25. 50. 100 pg/mL),
iz Logit ¥£11 5 1Cs0.

FOHI R = (A A w) (A A 24

TEMEMASE BRI, A 1 X AB49 il
MDA-MB-435 it F A7 B 1) A K AMHE 1, 1Cso
43908 (9.25+1.60). (11.37+2.10) umol/L; L&
) 10 A1 11 X%t A549 41 i i FE A — € A S 1,
ICso 23N (25.23+2.50). (27.48+1.90) umol/L.
HA G W%t A549 F1 MDA-MB-435 4H i 4 4 40
HE MR 55, FEHT 5% 50 pmol/L R , 47 AL T 50%.
4 g

ARSI ERA R 22 Fh e 1 oy B RN 2 )
ZZWNAEAR N. oryzae D7 HIRZARE =347 1
2RI, R AR S TS50, K
T IAHZERREA A, DK 10 M2 EY.
WG 2 BAERAH A A LR A A = rh 23 155
BN FHA —E P IEREO, 4hE58) 3 F 4 BIEA
fitE B AR, LAY 6 2 1 MR NEY),
AL B YA K FA 8 Usnea diffracta Vain 443 5545
|02, b AW 7 S AE WA Y AE SR Acremonium
sp. J1 AR YIh o BR2I08, XS WNAERRE
N EERNREE, 2 A0SR N. oryzae iR
BRI R e 2 HAR B o 8, P A e i
SR £ 650 43 - P 4k 2 0 B H AR BB o

WA FE N. oryzae BI85 A2 H AR/ —
oy, A RKENEELFEPAUR e A T —
A . ARAEMANERREEREEERZ
FEM: LR 255 =F & B IR AR =, RE N RIR
G RS AT RERT AT, BN FE I B
F 5.
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