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Secondary metabolites from fungus NBERC_49006 with herbicidal activity

WU Zhao-yuan, FANG Wei,ZHANG Zhi-gang ,ZHANG Ya-ni, WAN Zhong-yi, WANG Kai-mei "

Hubei Biopesticide Engineering Research Centre ,Hubei Academy of Agricultural Sciences, Wuhan 430064 , China

Abstract : In order to clarify the active substance basis of herbicidal fungus NBERC_49006, its secondary metabolites were
studied. Seven compounds were isolated by large-scale fermentation, extraction, preparative HPLC and gel column chromatog-
raphy. The structures were elucidated on the basis of spectral characteristics and identified as: trichothecin (1) ,8-deoxy-tri-
chothecin (2) , engleromycenolic acid A(3) , engleromycenolic acid B(4) ,rosololactone (5) ,rosenonolactone (6) ,2q-hy-
droxy-cis-communic acid (7). Among them, compounds 2,4 and 7 were isolated from the strain for the first time,and com-
pound 7 was obtained from microorganism for the first time. The results of bioassay test showed that compounds 1 and 2 had
obvious herbicidal activity against Arabidopsis thaliana with the LCyy value of 9.30 and 28. 98 wg/mL, respectively. The re-
sults of this study can provide a good basis for the discovery of lead compounds with herbicidal activities from fungal.

Key words : Trichothecium roseum ;secondary metabolites ; trichotecin ;8-deoxy-trichotecin ; herbicidal activity
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LR BRI VE S A B BR O 2,4-D AR5
MAE Y L E Cochliobolus australiensis W43 2515 2|
Chloromonilinic acids C F1 D BERH I 411 1 3E P 9 2 B
AR AE K

AR VR ZH A DA IRAR 2435 4 R AR 7 ) 1) s 1 1o
Fer, 75 3] — Bk B A B 505 £ 59 B NBERC _
49006 , 25 % 58 J #0341 80355 0 B4 ( Trichothecium rose-
um) , H. .18 R B X LB I (Arabidopsis thali-
ana) R BEUF B BR B 1R o X TR R EAT R B R
B BRI B SRS A5 2 MR LAY
trichothecin (1) fl1 8-deoxy-trichothecin (2),5 /|~ —.
52845 W) : engleromycenolic acid A(3) ., engleromy-
cenolic acid B (4) . rosololactone (5) . rosenonolactone
(6) .2a-hydroxy-cis-communic acid(7) , X} 7 ~MbE
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PIHEAT T BRFCIE I, B 78 & B A BRI Y
IR
1 {XSF5=H
1.1 E#

ARS8 T AL BT R (2015 AF 12 R
FE) il B A S E AN 18S tDNA H X 43 B 4 5 A
2T Mg f 5 ( Trichothecium roseum ) , ¥ & F A% 1E T
WAL A A 2 TR O (4 %52 NBERC _
49006 ) ,,
1.2 (UE5iKHA

Bruker AVANCE (500 MHz; 600MHz ) 4% i 245
IX(TMS Ry bR, 8 4 ppm, J 24 Hz) (72 [E Bruker
BioSpin /A #] ) ; Waters 2695 & Jit Bk Y ( 35 [E Wa-
ters 2N H] ) ; Waters 2767 = 28 W AH i 451X ( Waters
2525 5,47 2767 A S R SE,2996 U BRI
MEs, 5% T /E s, Masslynx V4. 0) 5 8,34 ; Sunfire
C,e OBD #14 4 (5 pm,19 x250 mm/10 x 250 mm,
Z/R>%) . Welch Ultmate XB-Phenyl ] £ 4+ (3 wm,
10 x250 mm, H1[E )  Innoval ODS-2 #|£5+E (5 pm,
10 x 250 mm, 77 [® ) ; £ fA.3% Sephadex LH-20 #E I
( GE Healthcare Bio-Sciences AB, i+ ), 35
FHIRAGR SR S TE N S ¥ o [ 25 BE AL A 7
1.3 EHFE

Lh A% B M BN B 97 Bk (PDA) 5 R e 8 3
2R 6.25 o/ L, LRI 6.25 o/L, [EfEE
B 1 e/L, B 0. 625 o/ L, BiFR — %00 1.25 o/
L, BRREE 0.625 /L.
2 ZWHE
2.1 EHAE

K Hoy 21 R it A TR AR THT T A 2 b TP L (PDA
Rigedh) 5597 7 K, F3%E A 100 S & B85 7 2 (200
mL/500 mL 4TI ) , 78 28 °C .120 rpm $R¥EEEFH T
PN A A
2.2 REFYWHNRBRESE

K KW 20 LA & B o A SRR 2 1
CTRIEFEHEI 3 U, 4 U U8 5 25 vk 4 15 3] 4
3.5 go

W2 O /0 1 TR il , 28 Sephadex LH-20
FEZEAT, FH BEGEAG , YERR 40 738 3k HPLC Al 5 5
N4 B(A~D), B(0.6 g)Z il % (@35 (Sunfire
C,; OBD il &4E,5 pm,19 x 250 mm,24 ml/min) #f
70  UEBRIE A 5 ~100% 2 i , YE 40 min, 5
210 NS4 (AL ~ A10) A3 2 HZE RS EL &Y

1(32.6 mg) , A4 2] £ HPLC (Innoval ODS-2 £
F,5 wm,10 x250 mm,7. 5 mL/min) 3 — 4l {675
FMEEW 3(5.9 mg) F17(2.9 mg) , A6 ZH 45 iG
FL AW 6 (3.2 mg), A7 Fl A8 £ il % HPLC
(Welch Ultmate XB-Phenyl i £ 4#%,3 wm, 10 x 250
mm,7. 5 mL/min) i — 25 4lifk 73 515 2 1L & 4 2
(2.9 mg) f1 4(4.5 mg), A9 2% HPLC ( Sunfire
C,s OBD il & 4,5 um, 10 x 250 mm,7.5 ml/min)
LG 5(23.0 mg) .
2.3 SERSBREFEENE

TR R I 140 2 R ( Cynodon dactylon) “hy 2%
ARG IF R A IR B A A R TR 9T = AR
FARAF R E, C T, BIRIT RS 2R
FTARRWAN G LITC /K R E R G2 S UL,
BERFBUK, A FHEF & T XREERES hR 1, % H.
2L K B R KSR BE A 96 LA 285 SR M
(BAL) B A a2 o SRR IT M0 ZEARBh 43 il
RN BRI, B AP i LR E R 2R
IKBENEFR T A, FEM LI 0. 1% TWeen-80 ()G
PRK A, 3400 R I B AR v B2 R 10 g/ mLL, U
0 2F AR A VR BE R 32 pe/mL, A XN B
0. 1% TWeen-80 (Y TCHK , FE 2 W'Y, e 544
M RE 20 °C LAY BE 70% ~ 80% , B K OGHR 9
h SEHEGREE 8000 Ix, MEE 5 KIF LA A IF il SR
P, KR R R s AR ] 8 2 A8 A (0
3.5.7.9) PRiCBRE G, 0 FoR A B E v, bR
52 AXT IR —3K,3.5.7 Ron ik o i ok 2 6
W1 70% 50% L4 K 30% , [ A ik PEAR YR IG5, 9 36
AN AR S L L e a & S 2

PR i B B PR X B A i A o R v R
1. 00 mg/mL fEEWE, LA 0. 1% TW-80 14 TG 1 7K %if
R 12 A [ R B2 A6 B2, B MR R ik 2 A
BLEEE 3 R, % LIRFIRE T T R AR, T R
JE R TSR A R T LGy o

3 KIEHER
3.1 kEMEBRETE
WEM 1  HE KK (CH,OH) ; ESI-MS: m/z

333[M+H]*;'H NMR (CD,0D,500 MHz) §:6.55
(1H,J =5.8,1.5 Hz,H-10),6.42 (1H,dd, J =
11.5,7.3 Hz,H-19),5.80 (1H,dd,J =11.5,1.9
Hz,H-18),5.64 (1H,dd,J=7.9,3.7,H4),4.08
(1H,d,J=5.8 Hz,H-11),3.87 (1H,d,J =5.2 Hz,
H-2),3.11 (1H,d,J =4.0 Hz,H-13a),2.91 (1H,
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d,J] =4.2 Hz,H-13b),2.87 (1H,d,J =1.5 Hz, H-
7a),2.64 (1H,dd,J =15.6,7.9 Hz, H-3a),2.27
(1H,dd,J=15.4,1.5 Hz,H-7b) ,2. 13 (3H,dd,J =
7.3,1.8 Hz,CH,-20) ,2.04 (1H,ddd,J=15.6,5.3,
3.7 Hz,H-3b),1.78 (3H,s,CH,-16),1.06 (1H,d,
J=1.0 Hz, CH,;-15),0.71 (3H,s, CH,-14);"C
NMR (CD,0D, 125 MHz) §:200.8 (s,C-8),167.5
(s,C-17),147.2 (d,C-19),139.5 (d,C-10),138.7
(s,09),121.2 (d,C-18),80.9 (d,C-2),75.0 (d,
C4),71.3 (d,C-11),66.7 (s,C-12),49.5 (s,C-
5),48.2 (1,C-13),44.8 (s,C-6),43.1 (1,C-7),
37.7 (t,C-3),18.7 (q,C-15),15.3 (q,C-16),15.7
(q,€20),6.1 (q,C-14), LI F%cde 5 3cmk' 4fas
FAR—F, i 2 iz &%) 4 trichothecin,

wEW2 HEH A (CHOH); ESI-MS; m/z
319[M +H] *;'"H NMR (CD,0D,500 MHz) §:6.40
(1H,dd,J =11.5,7.3 Hz,H-19),5.81 (1H,dd,J
= 11.5,1.8 Hz,H-18),5.63 (1H,dd,] =7.9,3.6
Hz,H4),5.40 (1H,dd,J =5.8,1.5 Hz, H-10),
3.86 (1H,d,J=5.2 Hz,H2),3.64 (1H,d,] =5.8
Hz,H-11),3.12 (1H,d,J =4.0 Hz, H-13a),2. 84
(1H,d,J =4.2 Hz,H-13b) ,2.58 (1H,dd,J =15.6,
7.8 Hz,H-3a),2.17 (3H,dd,J =7.3,1.8 Hz,CH,-
20),1.89 ~2.05 (4H,m,H-3b,H-7a,H-8a,H-8b) ,
1.73 (3H,s,CH,-16),1.42 (1H, m, H-7b), 0. 98
(3H,s, CH,-15),0.72 (3H,s,CH,-14) ;" C NMR
(CD,0D,125 MHz) §:167.4 (s,C-17),146.9 (d,
C-19),141.3 (s,C9),121.3 (d,C-18),119.4 (d,
€-10),80.7 (d,C-2),75.2 (d,C4),74.8 (d,C-
11),66.7 (s,C-12),49.8 (s,C-5),48.2(t,C-13),
41.6 (s,C6),37.7 (t,C-3),28.8 (t,C-8),24.9
(t,C-7),18.7 (q,C-15),23.6 (q,C-16),16.2 (q,
€-20),6.1 (q,C-14), DL F¥cd 5 3ok 2 1
R—F, B e iz Ak S N 8-deoxy-trichotecin

E&EW 3 HEK K (CH,0H) ; ESI-MS: m/z
319[M+H] *;"H NMR (CD,0D,500 MHz) §:5.65
(1H,dt,J=17.2,9.8 Hz,H-15),5.12 (1H,dd,J =
9.8,2.2 Hz, H-16a),4.95 (1H,dd,J =17.2,2.2
Hz,H-16b) ,4.63 (1H,brs,H-17a) ,4.52 (1H,br. s,
H-17b),4.09 (1H,w,J =11.5,4.3, H2),2.41
(1H, overlapped, H-12a) ,2.37 (1H, overlapped, H-
3a),2.24 (1H,t,J =9.8 Hz,H-14) ,2.09 (1H,ddd,
J=12.0,4.3,1.9 Hz,H-1a) ,2. 02 (1H,overlapped,

H-12b),1.98 (1H,overlapped, H-7a) ,1.89 (1H, o-
verlapped, H-11a ), 1. 87 ( 1H, overlapped, H-6a) ,
1.69 (1H,dq,J = 13.4,3.6 Hz,H-6b),1.24 (3H,
s,CH;-19),1.13 (1H, overlapped ,H-8) ,1. 11 (1H,
overlapped, H-5), 1.09 ( 1H, overlapped, H-11b) ,
1.00 (1H, overlapped, H-9) ,0.97 (1H, overlapped,
H-3b),0.89 (1H, overlapped, H-1b) ,0.86 (1H, o-
verlapped, H-7b) ,0.76 (3H,s, CH,-20);"” C NMR
(CD,0D,125 MHz) 5:181.2 (s,C-18),152.5 (s,C-
13),141.3 (d,C-15),116.9 (1,C-16),106.8 (t,C-
17).65.4 (d,C-2).56.7 (d,C5).56.1 (d,C-14),
55.9 (d,C9),49.4 (t,C-1),47.7 (t,C-3),46.0
(t,C4),42.9 (d,C-8),40.1 (s,C-10),37.1 (t,C-
12),35.4 (t,C-7),29.5 (q,C-19),28.2 (t,C-11),
24.3 (1,C6) ,14.4 (q,C-20) . LA X 53k
B FEA —F, B 2 % AL B Y N engleromycenolic
acid A,

WEW4 [l (CH,OH) ; ESI-MS; m/z
317[M-H] ;' H NMR ( CD,0D,600 MHz) §:5.83
(1H,dd,J=15.0,9.3 Hz,H-15),4.93 (1H,dd,J =
15.0,0.8 Hz,H-16a),4.84 (1H,dd,J =9.3,0.8
Hz,H-16b) ,3.91 (1H,m,H-2),2.38 (1H,dd,J =
13.8,3.2 Hz,H-1a) ,2. 19 (1H, overlapped, H-3a) ,
2.18 (1H, overlapped, H-6a), 1.93 (1H, dd, J =
14.6,4.9 Hz, H-6b),1.82 (1H, m, H-1b), 1. 65
(1H,m,H-11a),1.60 (1H,m,H-8),1.59 (1H,o-
verlapped, H-12a ), 1.47 ( 1H, overlapped, H-7a ) ,
1.45 (1H, overlapped, H-14a), 1.39 ( 1H, over-
lapped,H-3b) ,1.36 (1H, overlapped, H-11b) , 1. 31
(1H, overlapped, H-7b) ,1.30 1H, (1H, overlapped,
H-12b),1.27 (3H,s,CH,-19),1.10 (1H,dt,J =
11.5,2.1 Hz, H-14b) , 1. 04 (3H,s, CH,-17) ,0.94
(3H,s,CH,-20) ;" C NMR (CD,0D, 150 MHz) §:
181.0 (s,C-18),152.4 (d,C-15),138.8 (s,C-10),
129.7 (s,C-5),109.4 (t,C-16),66.4 (d,C-2),
50.0 (s,C4).46.0 (1,C-3),40.6 (1,C-14),39.1
(d,C8).38.9 (s,C-9),37.3 (s,C-13),35.6 (1,C-
1),33.7 (t,C-12),32.8 (t,C-11),28.3 (t,C-6),
26.7 (t,C-7),25.5 (q,C-19),23.7 (q,C-17),16.9
(q,C-20) o DA _&dhe 5 30k il S — 3, B
EZAEWY N engleromycenolic acid B,

WEWS (el (CH,OH) ; ESI-MS: m/z
319[M +H]*;'H NMR (CD,0D,600 MHz) §:5. 82
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(1H,dd,J =15,9.3 Hz,H-15) ,4.93 (1H,dd,J =15
Hz,H-16a) ,4.85 (1H,dd,J =9.3 Hz,H-16b) ,4. 09
(1H,dd,J =7.3,3.2 Hz,H-6),2.10 (1H,dd,J =
11.7,5.1 Hz,H-7a),1.88 (1H,d,J =3.2 Hz,H-5) ,
1.86 (1H,dd,J=11.7,4.8 Hz,H-7b) ,1.26 (3H,s,
CH,-20),1.23 (3H,s,CH,-17),1.02 (3H,s, CH,-
18);"”C NMR (CD,0D, 150 MHz) §:184.6 (s, C-
19),152.5 (d,C-15),109.6 (t,C-16),90.4 (s,C-
10),63.8 (d,C-6),56.6 (d,C-5),47.3 (s,C4),
41.5 (t,C-14),39.2 (s,C9),37.4 (s,C-13),37.3
(t,C-3),33.7 (1,C-12),33.2 (d,C-8),33.2 (t,C-
1),32.0 (t,C-11),23.0 (q,CH,-17),21.3 (t,C-
2),17.2 (q,CH,-18),14.2 (q,CH,-20), D\ "%k
5 Sk R AR — B SO AL SN roso-
lolactone

wE&W6 [k K (CH,OH);ESI-MS: m/z
317[M +H]*;'H NMR ((CD,),CO,600 MHz) §:
5.88(1H,dd,J=15,9.2 Hz,H-15),4.99 (1H,dd,J
=15,1.0 Hz, H-16a),4.89 (1H,dd,J=9.2,1.0
Hz,H-16b) ,2.68 (1H,dd,J =10.3,3.7 Hz,H-8),
2.59 (1H,dd,J =12.1,4.4 Hz,H-5),2.36 (1H,
dd,J=16.0,4.4 Hz,H-6a) ,2.12 (1H,dd,J=16.0,
12.1 Hz,H-6b) ,1.07 (3H,s,CH,-18),1.01 (3H,
s, CH,-17), 0.90 (3H, s, CH,-20);"” C NMR
((CD,;),CO, 150 MHz) §:210.6 (s, C-7),179.9
(s,C-19),151.7 (d,C-15),110.4 (t,C-16),88.0
(s,C-10),51.4 (d,C-5),48.3 (s,C-8),48.0 (s,C-
4),40.0 (s,C9),36.8 (t,C-6),36.6 (t,C-3),

36.4 (s,C-13),33.4 (t,C-14),32.8 (t,C-12),
32.0 (t,C-11),31.2 (t,C-1),22.5 (q,CH,-17),
21.3 (t,C2),17.8 (q, CH;-18),17.6 (q, CH,-
20) o VARG SCRR S G S A — B, o e 1
AX.4E- )N rosenonolactone

WEMT  [IEE K (CHOH) ; ESI-MS; m/z
317[M-H] ;' H NMR ( CD,0D,500 MHz) §:6.83
(1H,dd,J =17.3,10.9 Hz,H-14),5.32 (1H,t,J =
6.6 Hz,H-12),5.19 (1H,d,J = 10.9 Hz, H-15a)
5.09 (1H,d,J =10.9 Hz, H-15b),4.89 (1H,s, H-
17a).4.51 (1H,s, H-17b),4.14 (1H,m, H2),
2.48 (1H,dd,J =15.6.,6.2,H-11a) ,2.41 (1H,o-
verlapped ,H-1a) ,2. 38 (1H,overlapped,H-7a) ,2. 24
(1H,m,H-11b),2.16 (1H,m,H-3a),1.99 (1H,o-
verlapped , H-6a) ,1. 97 (1H,overlapped, H-7b) , 1. 84
(1H,m, H-6b) ,1.80 (1H,m,H-9),1.76 (3H,s,
CH,-16),1.35 (1H,dd, J =12.2,2.8 Hz, H-5),
1.27 (3H,'s, CH,-18),1.07 (1H, m, H3b),1.03
(1H, m, H-1b),0.70 (3H, s, CH,20);"” C NMR
(CD,0D,125 MHz) 5:181. 1 (s,C-19),149.0 (s,C-
8),135.0 (d,C-14),133.0 (s,C-13),132.3 (d,C-
12),113.7 (1,C-15),108.7 (1,C-17),65.6 (d.,C-
2),58.2 (d,C9),56.8 (d,C-5),49.2 (t,C3),
47.7 (1,C-1),46.2 (s,C4) ,42.4 (s,C-10),39.5
(t,C-7),29.6 (q,CH,-18),26.9 (t,C-6),23.5 (t,
C-11),20.0 (q,CH,-16),14.3 (q,CH,20). DI I-
B¥fe-5SCmR Y A — 8, o e Ak S

2a-hydroxy-cis-communic acid,

1 L&MW1 ~7 HLFEN
Fig. 1 The chemical structures of compounds 1-7
BORIBR AL, L5 2 XU I R A TP AEER G
(1) ,LC, [H 5124 9.30 F128.98 pe/mL(£2),

3.2 BRERY
B g R AL & 1 Xl T B
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Table 1  Herbicidal activities of compounds 1-7 S

ey PN e AR 1 Quareshy M, Prusinska J,Li J,et al. A cheminformatics review

Compound Arabidopsis thaliana Cynodon dactylon of auxins as herbicides[ J].J Exp Bot,2018,69:265-275.
1 9 0 2 Cao LL,Yan W,Gu CG,et al. New alkylitaconic acid deriva-
2 5 0 tives from Nodulisporium sp. A21 and their auxin herbicidal
3 0 0 activities on weed seeds[ J].J Agric Food Chem,2019,67 .
2811-2817.
4 0 0 3 Cimmino A, Masi M, Evidente M, et al. Fungal phytotoxins
S 0 0 with potential herbicidal activity: chemical and biological
6 0 0 characterization[ J ]. Nat Prod Rep,2015,32:1629-1653.
7 0 0 4 Graupner PR, Carr A, Clancy E, et al. The macrocidins ; novel
A YXT 0L R I A0 0 2 AR A 0 GV B 43 10 pg/mL 1 32 cyclic tetramic acids with herbicidal activity produced by

wg/mL,
Note : For herbicidal tests,Arabidopsis thaliana at 10 pwg/mL and Cynodon
dactylon at 32 pg/mL.

R2 HAEW12 MNUEFHBRERGE
Table 2 Herbicidal activities of compounds

1 and 2 against Arabidopsis thaliana

&Y LCs
Compound (pug/mlL)
1 9.30+2.03
2 28.98 +4.86
it B Mesotrione 0.30 £0.07

T - AR R A B o

Note ; Mesotrione as positive control.
4 Zig

oy €1 B S 60 TR — i AR LT, R UCEN
7 6, 475 B 98 85 5 28 (richotecenes ) 158 L #1
JIZE (eyclodepsipeptides ) &4 . H: r B0 7 25 445
e AH ZITH RS B IR, AR
RSP BRSO RO BRI — 2R
MREAL A, B e e

AR S BN L1 B i £ T 1) LR LR 4 )
HATBRFIEE T MR b o s 25 3] 7 Mk
BB T PRI G L2 LIS, A S
DWERAE W 3 ~ T, Hrh b &Y 3 S AR L
( cleistanthane ) % — 5, fb 541 4 ~ 6 N EPRE ( rosa-
ne ) B i, HL 3 FI 4 15 UM 2L 5 s A T P AR 2
& 7 W2 B AERE (labdane ) 2 i , 15 I
AP s, BRECGEENNAR LG 1R 2 XY
FA ST A BT R BRI M 30 B Ry 21 B v 60 147 9 B
B TR R s L AR SR B, THZ R G W)
R B FHAR WL SCHR R IE , PRk, T R A T B R T
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