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Chemical constituents of endophytic fungi Trichoderma sp. FZ-31 from Aconitum
carmichaelii
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Abstract: Objective To study the chemical constituents of endophytic fungi Trichoderma sp. FZ-31 from Aconitum carmichaelii.
Methods The fermentation of Trichoderma sp. FZ-31 was isolated and purified through silica gel, Sephadex LH-20 as well as
preparative HPLC, and the structures of obtained compounds were identified by NMR, MS, and circular dichroism. Results Eleven
compounds were isolated and identified as (-)-mellein (1), (R)-7-hydroxymellein (2), 4-hydroxymellein (3), gibepyrone D (4),
methyl ferulate (5), indole-3-acetic acid (6), indol-3-carbaldehyde (7), benzamide (8), (3R,6R)-4-methyl-6-(1-methylethyl)-3-
phenylmethylperhydro-1,4-oxazine-2,5-dione (9), flazine (10), and diaporthein A (11). Conclusion Except compounds 5 and 7, the
remain compounds are isolated from Trichoderma sp. for the first time. This study provides a certain study basis for A. carmichaelii
and its endophytic fungi.

Key words: Aconitum carmichaelii Debx.; endophytic fungus; Trichoderma sp.; secondary metabolites; (-)-mellein; gibepyrone D;
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FR¥Eh, BHRETERTER, SAEKUEHEET
PDA 1 53k AT A4l R ARAT
23 EMHERE

afifb S5 B RRIEAT ZEF T, KL 18S rRNA
BRI HIHE2E % NCBI (1) GenBank J:[RFE, H#HAT
BLAST Lbxf, R E/R, ZHHESAKER
Trichoderma sp AL EE IA 3 99.94%, M4 & 1% H N
KEH, 4N Trichoderma sp. FZ-31 (45
MT889737), LB ILORAT T/ MR 24 K2 2
BRI -
24 HERKLEE

M AP BUE 2 W 2 A 224 200 mL
PDB 1 =i, fEfHIRR:FREIRF R 3 d
(28 °C, 130 r/min), f3BNFMRFN T H55EEF T
W (2 mLAfRD Hefp 2 T OKIE 7R 5E (60 gD
JEREFE 60 i, =i N KBEREE 30 d, 15 EIFEMAR
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WEMK, @ AW k-HiEESSALEY 10
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(CHEHGE-FHEE 10D, iR TLC RNESIE, 5
F Fr. 1-1 A1 Fr. 1-2, Fr.1-2 (88.4 mg) Wit
FOREE &, A 1 (29.8mg). Fr.3 (0.2g) X
F #4674 HPLC i3k — 54> S [F IE-7K (50 © 50), 1.5
mL/min], 84k&4%)4 (31.9mg). Fr.4 (0.8¢9) X
F il % % HPLC 7 BS[HBE-/K (40 :60), 15
mL/min], 84L& 2 (123 mg) A3 (15.2mg).
Fr.5 (22 g) %4 ODS ff:tai, HEE-/K (40 : 60~
100 : 0O BEFEBENL, 4 TLC w559, 19 Fr.
5-1~5-4, Fr. 5-3 £ Sephadex LH-20[ — & H! J¢- H %
(101D p—Paitk, B#3E%5 (23.0mg). Fr.
5-4 K& HPLC #—F 0B [HEE-/K (80 :
20>, 1.5 mL/min], 54L& 6 (10.4 mg) 17 (13.9
mg). Fr.6 (19.6 g) LAEKAE (IS, AMBE-BIR &
g (51 1~0 @ L BAEEUENL, HR4E TLC &l 5 &9,

8 2 NMHSy Fr. 6-1 il Fr. 6-2. Fr. 6-2 (151 g) &
ODS i, HEE-/K (30 : 70~100 : 0) BHE¥
Jii, R4 TLC Wil f5&7f, 19 Fr.6-2-1 (6.8g)
Fr. 6-2-2 (7.2 g). Fr. 6-2-2 Fffr i Fragd i, £
S - H B R 4 R 5L B 11(22.6 mg) . Fr. 6-2-1
KA 47 HPLC ik — 573 B[ IE-7K (75 © 25),
1.5 mL/min], 4L &4 8 (12.1 mg) #19 (17.3 mg).
3 HMEE

& 1. Aafdgdd (FE, 77NN
CioH1003; HR-ESI-MS m/z: 179.070 0 [M+ H]*
(C1oH110s, HEAE 179.070 3); 'H-NMR (400 MHz,
CDClg) 6: 11.02 (1H, brs, 8-OH), 7.40 (1H, m, H-6),
6.69 (1H, d, J = 8.4 Hz, H-7), 6.88 (1H, d, J = 7.2 Hz,
H-5), 2.92 (2H, m, H-4), 4.7 (1H, m, H-3), 1.53 (3H,
s, 3-CHs); C-NMR (100 MHz, CDCl3) §: 170.1
(C-1), 162.3 (C-8), 139.5 (C-10), 136.1 (C-6), 118.0
(C-7), 116.3 (C-5), 108.4 (C-9), 76.2 (C-3), 34.7 (C-4),
20.9 (3-CHs). LA i 5 CilikiRiE Fa A —30, %
EWEY LN ()-ERMRFR.

tEY 2: AR, 73T AN CioH104; UV
(MeOH) Amax nm (log €): 348 (3.414), 251 (3.461);
ECD (MeOH) Amax (A€) 289 (+28.552), 259 (—0.007),
219 (+0.028) nm; HR-ESI-MS m/z: 193.050 64 [M—
H]~ (CioH¢O4, 5 {H 193.050 6); H-NMR (400
MHz, CD30D) §: 7.04 (1H, d, J = 8.4 Hz, H-6), 6.70
(1H, d, J = 8.4 Hz, H-5), 4.70 (1H, m, H-3), 3.20 (1H,
m, H-4a), 2.66 (1H, m, H-4b), 1.52 (3H, s, 3-CH3);
13C-NMR (100 MHz, CDs0D) §: 171.7 (C-1), 156.4
(C-8), 147.0 (C-7), 125.9 (C-6), 125.1 (C-5), 116.5
(C-10), 109.3 (C-9), 77.7 (C-3), 29.4 (C-4), 21.1
(3-CHas)o DL F%#s 5 ik i S AR — S8, e e
WEM 2 8 (R)-T-FIEiEZ K.

&Y 3: AR, 7138 CloH104: UV
(MeOH) Amax Nm (log €): 312 (3.372), 244 (3.452);
ECD (MeOH) max (A€) 309 (+0.034), 255 (=0.005),
219 (+0.028) nm; HR-ESI-MS m/z: 193.050 7 [M—
H]~ (CioHoOs, H5{H 193.050 6); H-NMR (400
MHz, CDCls) 6: 10.96 (1H, brs, 8-OH), 7.53 (1H, t,
J = 7.9 Hz, H-6), 6.99 (1H, d, J = 8.4 Hz, H-5), 6.92
(1H, d, J = 7.2 Hz, H-7), 4.60 (1H, d, J = 6.4 Hz, H-3),
455 (1H, s, H-4), 1.56 (3H, d, J = 6.8 Hz, 3-CHy);
3C-NMR (100 MHz, CDCls) §: 169.4 (C-1), 162.1
(C-8), 140.6 (C-10), 136.9 (C-6), 118.6 (C-5), 118.5



© 934 » F8 P 2020428 #52% B4 Chinese Traditional and Herbal Drugs 2021 February Vol. 52 No. 4

(C-7), 106.9 (C-9), 78.4 (C-3), 67.3 (C-4), 16.1
(3-CHas)o DA b #u¥s 5 ST ikl S A — 00, s e
WEY 3 N ARG EME R .

tEY) 4: Ataghs (FEL), 432N CioH1004;
HR-ESI-MS m/z: 195.064 7 [M+H]* (C1oH1104, it
518 195.065 2); H-NMR (400 MHz, CD30D) §:
7.37 (1H, m, H-4), 6.67 (1H, d, J = 7.0 Hz, H-5), 6.59
(1H, s, H-8), 2.08 (3H, d, J = 1.2 Hz, 7-CHg), 2.34
(3H, d, J = 1.3 Hz, 3-CHz); ®C-NMR (100 MHz,
CD30D) 6: 164.2 (C-2), 128.1 (C-3), 141.2 (C-4),
107.3 (C-5), 158.5 (C-6), 143.7 (C-7), 120.0 (C-8),
169.3 (9-COOH), 16.7 (7-CHg), 13.5 (2-CH3). LA %
W5 TR IE F AR —F00, WS E AW 4 NARE
PR LA D

tEY 5: AR, TN CuHiOs;
HR-ESI-MS m/z: 207.066 3 [M—H]~ (CuiH1104, it
14 207.066 3); H-NMR (400 MHz, CDsOD) o:
9.61 (1H, brs, 4-OH), 7.55 (1H, d, J = 16.0 Hz, H-7),
7.30 (1H, d, J = 2.0 Hz, H-2), 7.12 (1H, dd, J = 2.0,
1.6 Hz, H-6), 6.80 (1H, d, J = 8.0 Hz, H-5), 6.47 (1H,
d, J = 16.0 Hz, H-8), 3.70 (3H, s, 9-OCH3), 3.80 (3H,
s, 3-OCH3); 3C-NMR (100 MHz, CD30D) ¢: 167.2
(C-9), 149.5 (C-3), 148.0 (C-4), 145.2 (C-7), 125.6
(C-1), 123.2 (C-6), 115.6 (C-5), 114.3 (C-8), 111.4
(C-2), 55.8 (3-OCHys), 51.3 (9-OCHg). DL ¥ 53¢
FR AR T A — M, WO e A1 5 R BRI e

EY 6: FRERER, TN CioHINO,;
HR-ESI-MS m/z: 174.056 2 [M—H]~ (C10HsNO2, it
HH 174.056 1); H-NMR (400 MHz, DMSO-ds) J:
12.2 (1H, brs, H-11), 10.93 (1H, s, H-1), 7.55 (1H, d,
J = 7.9 Hz, H-4), 7.40 (1H, d, J = 8.0 Hz, H-7), 7.27
(1H, d, J = 2.3 Hz, H-2), 7.12 (1H, m, H-6), 7.03 (1H,
m, H-5), 3.70 (2H, s, H-10); 3C-NMR (100 MHz,
DMSO-dg) 6: 173.4 (C-11), 136.3 (C-8), 127.4 (C-9),
124.1 (C-2), 121.4 (C-6), 118.7 (C-5), 118.5 (C-4),
111.5 (C-7), 107.8 (C-3), 31.2 (C-10). A I %¥z 5 C#ik
AR, HEEEWEY) 6 lIk-3- 21 .

&Y 7: wEEHKR, 5T CH/NO:;
HR-ESI-MS m/z: 144.045 6 [M—H]~ (CoHeNO, it
Y 144.045 5); H-NMR (400 MHz, CDCls) o:
10.07 (1H, s, H-10), 8.93 (1H, brs, H-1), 8.33 (1H, m,
H-4), 7.86 (1H, d, J = 2.8 Hz, H-2), 7.45 (1H, m, H-7),
7.32~7.34 (2H, m, H-5, 6); 3C-NMR (100 MHz,

CDCls) ¢: 185.2 (C-10), 136.8 (C-9), 135.3 (C-2),
124.4 (C-5), 123.1 (C-6), 122.0 (C-3), 122.0 (C-4),
119.7 (C-8), 111.5 (C-7). LA L##E 5 kg A
— S, WS TEA S T N -3-F

& 8. Atk R, 7+~ CHINO;
HR-ESI-MS m/z: 122.060 4 [M+H]* (C;HgNO, it
HAY 122.060 0); H-NMR (400 MHz, CDCls) o:
7.80~7.82 (2H, m, H-2, 6), 7.54 (1H, m, H-4), 7.43~
7.47 (2H, m, H-3, 5), 6.12 (1H, brs, H-8a), 5.83 (1H,
brs, H-8b); 3C-NMR (100 MHz, CDCls) &: 169.6
(C-7), 133.4 (C-1), 133.2 (C-4), 128.8 (C-3), 1288
(C-5), 127.5 (C-2), 127.5 (C-6). LA ¥k 5 iRk
TEEEAR—F0A, BSOS TEEY) 8 R L

wEY 9: AR, TN CisHioNOs;
UV (MeOH) Jmx nm (log €): 205 (3.656); ECD
(MeOH) Amax (Ag) 257 (+0.062), 227 (=0.002), 208
(—0.004), 197 (-0.003) nm; HR-ESI-MS m/z: 262.143 4
[M+H]* (C1sH20NOs, TH5H1H 262.143 7); H-NMR
(400 MHz, CDCls) 8: 7.20~7.30 (5H, m, H-12~16),
5.49 (1H, m, H-3), 4.95 (1H, d, J = 8.7 Hz, H-6), 3.38
(2H, dd, J = 5.0, 14.5 Hz, H-10), 3.02 (3H, s, N-CH3),
2.07(1H, m, H-7), 0.83 (3H, d, J = 6.4 Hz, 9-CH),
0.44 (3H, d, J = 6.8 Hz, 8-CH3); 3C-NMR (100 MHz,
CDCls) §: 170.0 (C-2), 169.3 (C-5), 136.7 (C-11),
128.9 (C-12), 128.9 (C-16), 128.5 (C-13), 1285
(C-15), 126.8 (C-14), 76.4 (C-6), 57.4 (C-3), 34.8
(C-10), 32.4 (N-CH3), 29.7 (C-7), 18.3 (C-9), 17.5
(C-8)o LA FHdE 5 Sk B AR — 001, i b
4919 N(3R,6R)-4- 1 H-6-(1- I FE 2, 3E)-3- L H Jk 4
&-1,4-WE8:-2 5- [,

AW 10: EEMKR, 7773 A CirH1N2Os;s
HR-ESI-MS m/z: 309.086 7 [M+H]* (C17H13N204,
514 309.087 0); H-NMR (400 MHz, DMSO-dg)
d: 11.61 (1H, s, H-9), 8.84 (1H, s, H-4), 8.42 (1H, d,
J = 4.0 Hz, H-5), 7.82 (1H, d, J = 8.4 Hz, H-8), 7.65
(1H,t,J=7.1Hz, H-7), 7.43 (1H, d, J = 3.2 Hz, H-3"),
7.34 (1H, t, J = 7.5 Hz, H-6), 6.63 (1H, d, J = 3.6 Hz,
H-4"), 5.53 (1H, brs, 6-OH), 4.69 (2H, s, H-6);
BC-NMR (100 MHz, DMSO-ds) 6: 166.5 (C-10),
157.3 (C-5"), 151.3 (C-2'), 141.4 (C-8a), 137.0 (C-3),
132.5 (C-1a), 132.0 (C-1), 129.9 (C-4a), 129.0 (C-7),
122.1 (C-5), 121.0 (C-5a), 120.6 (C-6), 115.8 (C-4),
112.9 (C-8), 111.3 (C-3"), 109.3 (C-4'), 56.0 (C-6"). LA
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RS SRR GE A — 06, s A 10
PRI

tEY 11: AtkER, 5T HAN CuoHzoOs;
HR-ESI-MS m/z: 365.196 1 [M—H]~ (CaoH290s, it
518 365.197 0); *H-NMR (400 MHz, CDCls) J: 5.96
(1H, s, H-14), 5.81 (1H, dd, J = 10.9, 18.0 Hz, H-15),
5.00 (2H, m, H-16), 4.33 (1H, s, H-7), 3.92 (1H, d, J =
9.4 Hz, H-20a), 3.83 (1H, m, H-11), 3.32 (1H, d, J =
9.4 Hz, H-20b), 1.87 (1H, m, H-12a), 1.85 (1H, m,
H-12b), 1.82 (1H, m, H-1a), 1.77 (1H, m, H-3a), 1.70
(1H, m, H-1b), 1.68 (1H, m, H-2a), 1.60 (1H, m,
H-2b), 1.40 (3H, s, 19-CHs), 1.22 (3H, s, 18-CHj),
1.18 (1H, m, H-3b), 1.12 (3H, s, 17-CH3); 3C-NMR
(100 MHz, CDCls) 6: 146.5 (C-15), 136.8 (C-8), 133.3
(C-14), 111.6 (C-16), 106.1 (C-6), 81.4 (C-5), 77.2
(C-9), 73.4 (C-7), 68.5 (C-20), 67.4 (C-11), 50.2
(C-10), 40.5 (C-12), 38,5 (C-13), 38.1 (C-4), 37.9
(C-3), 27.8 (C-18), 25.4 (C-17), 24.9 (C-1), 24.4 (C-19),
18.2 (C-2). LA - 5 kR g I A — 30N, Mok e
EY 11 NIE R R A.
4 g

BT MGH B R 2 B AS B — R N AR B,
IS 18 S WM E Xk 45 %8 A% 1A Trichoderma sp..
RE— FF Ak 25 T B [ 44 e I 7= ) i3k AT H L
srEaifh, ¥R 11 MEeEY, e 1~
3 AREUE, 3 HHXHNETEHRAMAME; {k
EV 4 5 BINEERAEY): G 6. 7 |
WAV, S B IR BRI 3 67 3 i 4 2 B AN
R RG AE ) 8 AT B L&
P 10 J9fai H-B-RBAMIRE A=W 0: (&P 11—
R Y. BRICED 5. 7 4, HAMEWHHA
HIRMNAREE T EEE. 2ERCREDN, KE
Yy 2 A1 3 A R I IR B LT I e Pl 0 ) v
PEBST; AL 54 6 XA A K B A I E RS fh &
V) 8 BeA A LERR B ER A VERS) &) 9 RE
ARFFA A MUEMIRE TR, (LAY 10 fefg i
EHNH] HIV-1 TG PERST (A1) 10 X a4
BRI B R NMET R 35 B HPUR S R, A
RANFE T AREE KRB RIS, RS
W RTEEY A S8R T — S, ORI
T AR R AR IR T — & KT F R
PEARIE, AT G R o B BT 2 B
WM, R AR R —E Y

P73, DRIl A AR A et — 20T R I 525
BRI R
RBFR FAVEAHFAREEHEF R

SE R

[11 W CReR, Rk, H%E), 55 MMt
FROF IR 9], SO R A5 B U, 2019,
19(98): 50-51.

[21 JEMfE, BRALE, AL S TR A2 AR R
FeikRe [J]. JVEAEA, 2017, 37(12): 1614-1627.

[B1 ®W&EZE, XK, 2B, 5 WERERRLGWHF W
Wyt [J]. IR 25 3 % 20 &, 2018, 34(5):
593-596.

[4] 3, RO ORKE. SRy RAE
AR FENAERBT AR 0. KRR ARSI R,
2012, 24(2): 248-259.

[6] ZECHE, BRYL, OB REJE 5 M EHEHC SN L 2
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