A2 0 T OB % FEM4 FXAFTNEHEROIMSERERERH=Y
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Aug. 25, 2020, 36(8): 1650-1658
DOI: 10.13345/j.cjb.190555 ©2020 Chin J Biotech, All rights reserved

- EHEMHA -

HE4, KPS FRARL WRES EHES KRB 20 Ak’

1 RS MR, W B0 570228
2 E PG AL B BT AR Y S AN R IR ST T MR AR BV 25 AR TR oL, VRS BN 571737
3 TTHRGRIRY: AaBlE AN, TR M 510006

G, KRB, BRE, . LNEHENAERERAMTEIE R AR Y. Y TR AR, 2020, 36(8): 1650-1658.

Shu XC, Zhang YB, Guan LL, et al. Antibacterial secondary metabolites of Clonostachys rosea, an endophytic fungus from
Blumeaba Isamifera (L.) DC. Chin J Biotech, 2020, 36(8): 1650-1658.

W OE HYNEAF —ARLINEMHBTA. TR 2OV EEZETE, XPF—HRIXAFALLAHDLOH
7% Clonostachys rosea #AT/LFAF %, BidE WRFEFR, SRR EE. RIREE. AR F 5 &mtn &g
RARAMIZ ARG R BERIRY P 0 B RKF 6 NERMAY, Z2RIEFRRKLESRELEZTE S A4 verticillin A (1).
(S)-(+)-fusarinolic acid (2). 8-hydroxyfusaric acid (3). cerebroside C (4). 3-Maleimide-5-oxime (5)vA & bionectriol A
(6). FTAAEMIATT HINARAMBKRAH .. £ EEHHRA . BEFTRATH AR LICH 4 HomF 0) 5 4T
#r, b 1. 463 3HMBAINE R E M HEM, MICIE 2-16 ug/mL. AR 4R AL B ML AR
AAR T FRFAARAEZRETZAE,

XA, MAAR, RAKRBMSH, RAFH

Antibacterial secondary metabolites of Clonostachys rosea, an
endophytic fungus from Blumea balsamifera (L.) DC.

Xuechun Shu?, Yingbo Zhang?, Lingliang Guan?, Zhenxia Chen?, Mei Huang?,

Xiaolu Chen?, YuanYuan®, and Chao Yuan?

1 College of Forestry, Hainan University, Haikou 570228, Hainan, China

2 Tropical Crops Genetic Resources Institute, CATAS/Hainan Provincial Engineering Research Center for Tropical Medicinal Plant,
Danzhou 571737, Hainan, China

3 School of Biosciences and Biopharmaceutics, Guangdong Pharmaceutical University, Guangzhou 510006, Guangdong, China

Abstract: Endophytic fungus is an important treasure trove for discovery of structurally unusual and biologically diverse

Received: December 12, 2019; Accepted: February 13, 2020
Supported by: National Natural Science Foundation of China (No. 81560624), Central Public-interest Scientific Institution Basal Research
Fund for Chinese Academy of Tropical Agricultural Sciences (No. 1630032019045), Hainan Provincial Natural Science Foundation of China
(No. 219MS079).
Corresponding authors: Chao Yuan. Tel: +86-898-23300645; E-mail: yuanchao79@126.com

Yuan Yuan. E-mail: yuanyuanhaida@126.com
FE R HAAB R4 (No. 81560624), H [l Bty b B4 B AR 55 P L T BT 4 (No. 1630032019045), iERg44 H SAFRL# K 4x (No.

219MS079) % 1,



HEM FXAFTNEEENIHFTEREREXH=Y 1651

compounds. A phytochemical investigation on a fungus Clonostachys rosea inhabits inner tissue of Blumea balsamifera (L.)
DC. was initiatedrecently in our lab. Six pure compounds were isolated through silica gel column chromatography, sephadex
LH-20, and semi-preparative HPLC techniques, with bio-guided strategy. Their structures were characterized as verticillin A
(1), (S)-(+)-fusarinolic acid (2), 8-hydroxyfusaric acid (3), cerebroside C (4), 3-Maleimide-5-oxime (5), and bionectriol A (6)
by analyses of NMR and MS data. All compounds were tested in vitro antibacterial activities against four strains of bacteria,
Escherichia coli, Staphylococcus aureus, Bacillus subtilis and Pseudomonas aeruginosa, and results revealed that 1, 4 and 6
display notableinhibition againstthree bacteria, with MIC values ranging from 2 to 16 pug/mL. Our findings provide references

for mining novel antibiotics from endophytes originated from Li Minority medicinal plant B. balsamifera (L.) DC.
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%A (Waters Synapt G2, USA); Waters 2489 2
& WA .3 2248 (Waters Corporation, Milford,
MA, USA); Fiil % @ik YMC-Pack ODS-A
(5 um, 250 mmx10 mm, bS5 R A RS
fE2A¥]); 200-300 H AL JZHr ik e Fl GF254 2 i
AR (F &b 1) 7); PDA, MHB (g/L, 4K
¥ 5.0, JEM 1.5, MR/KMFISE M 17.5, pH{E 7.2,
K 1000), MHA Bigedt (g/L, 4K 5.0, JERK
1.5, MR/KfREEMH 17.5, pH{E 7.2, g 17.0,
7K 1 000) (5 &8 AR ARAR); 2R
fis . S BT EEY R oy b ol (ORHEETH & kG
Ak T AT BRA A
1.2 F&
121 WNAHEEWMSTFEE

AN WAL M) 5> F Y58 RS % S0k
P HEOE 4] DNA, PCR §7#1: ITS-rDNA
R Bt, FiHSI1% R 1TS1 (5'-TCCGTAGGTGAACC
TGCGG-3)Fl ITS4 (5-TCCTCCGCTTATTGATA
TGC-3"), # PCR ¥ 3 )5 my /" Pk dt /N G4k
SR A R W B mI T, A
52 NCBI $dli k1T BLAST x4t K5
i/ MEGA-X H NI I R G L B, i B
ToltJa8 M3z
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UEAC R IR PUAN A LR 2019 A FE R RS
Wit g, AN MHB B3R5 37 C
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A, @B s LR TN, KU 40 pol/k,
UEAC T A R B AR SR AL B, 37 CHESR
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96 FLARAE LG BRI LI 2% 2007 4
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24 1x10° CFU/mL, il MHB #5337 B¢ 100 15 %
10° CFU/mL 1 Jg MR B9 o 002 IF R T 55— AL
FIIABBAARIN 200 uL 4b, HAERFLISN 100 uL,
FHH B R, S—FLP A 10 pL, RAIRE
Fe R B R KT B4 4L, AR IE A5 AL A B R
w5 uL, AR R VY 2-32 pg/mL, B
37 CHEEESIRAE T 24 h, EEARSGRBOROGEE,
BEARIMEHRE  (Minimum inhibitory concentration,
MIC), #ERF2% BHMEXTIE, 5 uL HEEIIAZ] 100 pL
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BTN A LR C. rosea XK KL B 1)
B2 RS HEEL 3 ¥k, 30 min/ik, Jd R4
T, BREE =Y SR E 8.8 9. MIZHEHH
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30 o 2 A AR A T o e, IRTHME S
2 (12.8 mg, tzg=10.0 min, H[EE-7K/40-60, iiik=
2.0 mL/min) #1 3 (8.2 mg, tg=12.2 min, H@E-/K
140-60, Ui =2.0 mL/min), F 344854 B phge
JK& Sephadex LH-20 #1 24, HIBREDENL, M4 )2
ERER A3, SRR E] 2 MBS F-1 I E-2, =30
FE, anitri e R, ks a8 nlik
18465 4 (8 mg)Fil 6 (576 mg).
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%, FILIXE S % E R C. rosea (GenBank & 5%
5 MN486561), RIS T-80 CUKF M 30% H
MK, FERCT A B ROl B 2 B A AR
PRI R TR 209 %, 45 JSt-190421-1-1,
22 HMEEEO6MNMESBRMEIEN
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@ Clonostachy srosea (MN486361)
O rosea strain 67 (KJ74667.1)

C. rosea strain MF22417 (MH911376.1)

C. rosea isolate G2 (KY810798.1)
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0.001

Bianectria ochrolenca isolate Ppf32 (GUS586836.1)

B. ochroleuca strain xsd08089 (F1478131.1)

B. achroleuca isolate XSD-45 (EU27352636.1)

1 #E¥ALEE Clonostachys rosea B A% % & #

Fig. 1 The phylogenetic tree of the endophytic fungus Clonostachys rosea. The numbers of nodes indicate bootstrap
values and represent the percentages of 1 000 bootstrap replications in which the taxa to the right are placed together.
The scale bar represents the horizontal branch lengths and the number of substitutions per nucleotide position.
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Inhibition of 6 fractions against four bacteriaat 40 pg/disc (centre: streptomycin at 1 pg/disc).
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2.3 LEENRT

& 1, ks EL5 SRR , mp 233-235°C,
ESIMS:m/z 697.8 [M+H]", 7> T} C3gH2sNeO6 Ss,
B4 i E B F . "H NMR (500 MHz,
DMSO-dg) &: 7.71 (1H, d, J=7.5 Hz, H-10), 7.03
(1H, t, J=7.5 Hz, H-8), 6.65 (1H, t, J=7.5 Hz, H-9),
6.69 (1H, s, 6-NH), 6.55 (1H, d, J=8.0 Hz, H-7),
5.97, (1H, d, J=2.0 Hz, 11-OH), 5.49 (1H, d, J=4.5
Hz, H-5a), 4.89 (1H, s, H-11), 3.08 (3H, s, H-12),
1.43 (3H, d, J=6.5 Hz, H-13); **C NMR (125 MHz,
DMSO-dg) d: 166.1(C-1, 1), 161.0 (C-4, 4'), 150.3
(C-6a, 6a), 129.9 (C-10a, 10a), 129.6 (C-10, 10'),
127.9 (C-8, 8'), 118.6 (C-9, 9'), 109.6 (C-7, 7'), 82.2
(C-11, 11), 81.5 (C-5a), 81.1 (C-5a), 77.7 (C-11a,
11a’), 66.6 (C-10b), 66.4 (C-10b"), 29.4 (C-12, 12'),
20.1 (C-13, 13", &A% s 40l 5 3k [17-19]
XF, WAL G YR Verticillin A,

k&Y 2, JTLaiikYr, ESIMS: m/z 196.2
[M+H]", 43Fx0h CioH1sNOs, fb& Wik B it
WF: *HNMR (500 MHz, CD;0D) §: 8.56 (1H, s,
H-6), 8.10 (1H, d, J=7.5 Hz, H-3), 7.96 (1H, d,
J=8.0 Hz, H-4), 3.75 (1H, m, H-9), 2.87 (1H, m,
H-7a), 2.78 (1H, m, H-7b), 1.75 (2H, m, H-8), 1.19
(3H, d, J=6.5 Hz, H-10); **C NMR (100 MHz,
CD;0D) §: 166.8 (C-11), 148.5 (C-6), 146.6 (C-2),
144.1 (C-5), 140.7 (C-4), 126.2 (C-3), 67.5 (C-9),
40.8 (C-8), 30.0 (C-7), 23.6 (C-10); LA F-%k#E 53¢
BR[20] 4 B LA — 3, MEEZhEYH
(S)-(+)-fusarinolic acid

k&Y 3, JLairikYr, ESIMS: m/z 196.2
[M+H]", 43Fx0h CioH1sNOs, fb& Wik 4t
WMF: *HNMR (500 MHz, CD;0D) §: 8.58 (1H, s,
H-6), 8.12 (1H, d, J=7.5 Hz, H-3), 7.99 (1H, d,
J=8.0 Hz, H-4), 3.73 (1H, m, H-8), 2.93 (1H, m,
H-7a), 2.77 (1H, m, H-7b), 1.50 (H, m, H-9a), 1.57
(H, m, H-9b), 1.01 (3H, t, J=6.0 Hz, H-10) ; **C
NMR (100 MHz, CD3;0OD) §: 166.1 (C-11), 148.3
(C-6), 146.0 (C-2), 140.1 (C-5), 139.9 (C-4), 124.5
(C-3), 72.7 (C-8), 39.8 (C-7), 29.7 (C-9), 9.1 (C-10);
T R 5 SCk [20]40 38 A — B, #E iz e
¥4 8-hydroxyfusaric acid,

k&Y 4, AEITERKHA, FABMS: m/z
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753.1 [M-H]', 4> T3} CasH7sNOg, *H NMR (500
MHz, CD;0D) &: 0.90 (6H, t, J=7.0 Hz, Me-18, 18),
1.29 (34H, m, H-12~17, H-7'~17"), 1.36-1.42 (4H,
m, H-11, 6), 1.60 (3H, s, Me-19), 1.97 (2H, t, J=7.5
Hz, H-10), 2.02 (2H, m, H-5), 2.04 (2H, m, H-6),
2.08 (2H, m, H-7), 3.21 (1H, dd, J=9.0, 7.5 Hz,
H-2"), 3.27 (1H, m, H-4"5% 5"), 3.28 (1H, m, H-4"

a; 5"), 3.36 (1H, dd, J=9.5, 8.0 Hz, H-3"), 3.67 (1H,
dd, J=11.5, 5.0 Hz, H-6"), 3.71 (1H, dd, J=10.0, 3.5
Hz, H-1), 3.87 (1H, d, J=12.0 Hz, H-6"), 3.97 (1H,
dt, J=5.5, 3.5 Hz, H-2), 4.12 (1H, dd, J=10.5, 3.5
Hz, H-1), 4.14 (1H, dd, J=7.5, 5.5 Hz, H-3), 4.28
(1H, d, J=7.5 Hz, H-1"), 4.44 (1H, d, J=6.0 Hz,
H-2'), 5.14 (1H, t, J=7.0 Hz, H-8), 5.45 (1H, dd,
J=15.5, 7.0 Hz, H-4), 5.49 (1H, dd, J=16.0, 6.0 Hz,
H-3'), 5.71 (1H, dt, J=15.0, 6.5 Hz, H-5), 5.83 (1H,
dt, J=15.5, 7.0 Hz, H-4"); *C NMR (125 MHz,
CD30D) §: 175.4 (C-1'), 136.7 (C-9), 134.7 (C-4"),
134.5 (C-5), 131.0 (C-4), 129.0 (C-3'), 124.8 (C-8),
104.7 (C-1"), 77.9 (C-3"), 77.8 (C-5"), 74.9 (C-2"),
74.1 (C-2'), 72.9 (C-3), 71.5 (C-4"), 69.6 (C-1),
62.6 (C-6"), 54.6 (C-2), 40.8 (C-10), 33.8 (C-6),
33.4 (C-5'), 33.1 (C-16, 16'), 30.2-30.8 (C-12, 13,
14, 15, 6, 7, 8, 9', 107, 11', 12’, 13', 14, 15'), 29.1
(C-11), 28.8 (C-7), 23.8 (C-17, 17’), 16.2 (C-19),
14.5 (C-18, 18"), LA I %#is 5 SCHR[11] 48 S A —
H, WElEY 4 K cerebroside C.,
&Y 5, 4idtER R, mp 170-172°C,

ESIMS: m/z 126.1 [M+H]", 43 F =l CsHgNR0,,

b4 E B T . "H NMR (500 MHz,
DMSO-dg) 6: 11.0 (1H, s, -NH), 10.6 (1H, s, N-OH),
7.25 (1H, d, J=1.5 Hz, H-4), 1.73 (3H, d, J=0.6 Hz,
H-6);*C NMR (125 MHz, DMSO-dg) &: 165.1
(C-2), 151.9(C-5), 138.2 (C-4), 108.1 (C-3), 12.3
(C-6). ki % d 5 Sk [22] 4 18 A — 2,
AL A 5 4 3-Maleimide-5-oxime.,

&Y 6, A IEEKA,ESIMS: m/z 797.5
[M+Na]", 4>F 34 CaH70014, *H NMR (500 MHz,
CD;0D) 6: 6.81 (1H, dd, J=9.5, 1.5 Hz, H-3), 5.36
(1H, d, J=8.5Hz, H-11), 5.31 (1H, d, J=9.0 Hz, H-7),
5.21 (1H, d, J=10.0 Hz, H-15), 4.35 (1H, bs, H-1"),
4.26 (1H, dd, J=11.5, 6.0 Hz, H-1'b), 4.18 (1H, dd,
J=11.5, 6.0 Hz, H-1'a), 4.15 (1H, ddd, J=7.5, 5.5,
1.5 Hz, H-2"), 3.95 (1H, d, J=9.5 Hz, H-13), 3.85
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(1H, dd, J=12.0, 2.5 Hz, H-6'b), 3.82 (1H, m, H-5),
3.81 (1H, dd, J=11.0, 3.5 Hz, H-5'a), 3.74 (1H, m,
H-2"), 3.72 (1H, m, H-6"a), 3.71 (1H, m, H-4'),
3.68 (1H, d, J=9.5 Hz, H-9), 3.64 (1H, dd, J=11.0,
6.0 Hz, H-5'b), 3.53 (1H, m, H-3), 3.53 (1H, m,
H-4"), 3.37 (1H, dd, J=9.5, 3.0Hz, H-3"), 3.05 (1H,
ddd, J=9.5, 5.5, 2.5 Hz, H-5"), 2.73 (1H, m, H-4),
2.72 (1H, m, H-12), 2.63 (1H, m, H-8), 2.60 (1H, m,
H-16), 1.89 (3H, s, H-21), 1.67 (3H, s, H-23), 1.66
(3H, s, H-25), 1.59 (3H, s, H-27),1.28 (2H, m,
H-17), 1.16 (2H, m, H-19), 0.98 (3H, d, J=6.5 Hz
H-28), 0.86 (3H, m, H-20), 0.85 (3H, m, H-22),
0.84 (3H, m, H-29),0.79 (3H, d, J=7.0 Hz, H-26),
0.77 (3H, d, J=7.0 Hz, H-24); *C NMR (125 MHz,
CD;0D) §: 168.8 (C-1), 146.2 (C-3), 139.6 (C-14),
135.9 (C-6), 134.8 (C-10), 133.3 (C-11), 132.8
(C-7), 129.8 (C-15), 127.5 (C-2), 96.0 (C-1"), 87.3
(C-13), 83.0 (C-8), 82.3 (C-5), 76.9 (C-5"), 74.2
(C-2"), 71.5 (C-4"), 71.4 (C-3"), 69.5 (C-3"), 69.1
(C-2"), 67.2 (C-4"), 66.8 (C-1'), 63.8 (C-5'), 61.3
(C-6"), 44.4 (C-17), 36.6 (C-4), 35.3 (C-7), 33.8
(C-12), 32.5 (C-18), 30.2 (C-16), 29.8 (C-19), 21.2
(C-28), 18.3 (C-29), 16.6 (C-24), 16.5 (C-26), 15.6
(C-22), 11.8 (C-21), 10.7 (C-27), 10.2 (C-20), 9.9
(C-23), 9.9 (C-25), iRk % 5 SCilik[23]4kiE

13’

lg\%k%o .
S. H '
sniN T COOH
O 1’ 51\§§r 8 2
9! N \
0 |

mo” 1

10 OH e
9 10b
52 11 7 8
3 Tél/\N 1.0
SN%\ HO 10
1 13 2
COOH
N7~
l =
OH
3 5

El3 k&Y 1-6 BLEH

Fig. 3 Structure of compounds 1-6.
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HA—F, #EGY 6 4 bionectriol A,

24 BERUEMINEIEMESE

AR G BTA EIEE RN, G 1.4,
6 NP R AR FLM A . Rl R 2 A I DA S B R
R TA R BAR R MR, CHRE Y
6 Xt 3 BRALIRAN A 1) MIC {EiAF] 2 pg/mL, &
FOR TR BEE R R G TE, JIAMEEY 1 X)
2R R BT 1 MIC {E AR F 2 pg/mL, SR
A AR G PR R 5 A TR ORI A AR
ILAA ) 6 X H: MIC {4 16 ug/mL.
3 ik

P NAERZE, DLEAEY N AR S FE
WIEAFAE % S 2 AR R o Li 5P — R 4
N A= B Fusarium decemcellulare LG53 [958 &
B, H7 R Z A fusaristatin A 7]
DIARGF s 40 h1] 43 125 A [F]—FE P 21 2L 1Y) o) — PR A
Y4 ELA Glomerella acutata LG52 , —#k /K AllIAH
PINAEE F osolani 74 1) — RIS HZIGEAL

. cjb@im.ac.cn
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Table 1 Minimuminhibitory concentrations (MIC)
of the compounds 1-6 against four strains of bacteria
MIC (pg/mL)
Compounds - - —
E. coli P. aeruginosa B. subtilis S.aureus
1 >32 2 8 8
2 >32 >32 >32 >32
& >32 >32 >32 >32
4 >32 8 8 >32
5 >32 >32 >32 >32
6 16 2 2 2
Streptomycin 1 5 5 5

B WK R R S PR T 5 A — R AT 5 B A
MR EEHEAD e N LR F
solani A DL & T 2E 9 5 2F =AW (0] A W 6 i ok
KA #7724 525 EM Y Ly —FE R B2
PO Ay BRI, Li P8 vb R
A= ELI# Rhinocladiella similis 3815 — 241 & &5
1Y resorcylicacid 254, & EALG WIAERL
HAR ) N A T AN L, D% N A LA AT RE
A BT U B AP ARV B b i 2 A ER
5% FEY N AE FURAE S PR b At AR B
e fEh, BB T —Fi b 2 A S WAL
B3 2o A W R 1 T 1k /N o O A A ) I Rk
S JE B PR, SR X AR R . N
A LA BRAE 7 A G A B SRR B . O TR Tk
PR AEACE Y, — ARG B ISR R
IR RAE IR 2224 1059 ik, )24
FHAB SN A= L R A AR = b5, MR F
TIRAFF R APUAER, TG R R -
H £5 I0R A 240 B e 25 PRI R, 8 A B FIRATIRA
PRARGICAE P 5 PR R P[RR Ak i A2 S T g
Wreok T 85 C. rosea /F by —FhE AR N
AR, FLEARKIA T, B IRZ MY
o L ELTR N v B, AR FELTRT . RRE KRR TR AR
S —FIARLF P A B MR, SR A LR A AR
YIEFe e, 22N RS R IR 6 T 15 A4
Rt 54, Hr 2 MR G RIRBL MY

http://journals.im.ac.cn/cjbcn

PUAN GG, XA R ZE AR MIC 435158 6.5
#1125 po/mL. 25 Fir e 5250 % TR RR 2 24 HIAH
P B b SIS e A B i AR, 3R
H—BRB LI T B C. rosea, LT IEPEMRER AU
W&, ARAE TR SRR 6 MRS, 1
BIAH W] R bR TR A [, AR AR ™ W A Al
A, A5 1.4 F006 KB Al SR AP0 A RIS 1
ft-&W) 1 )& F Epidithiodioxopiperazines (ETPs) 2&
L&Y, BAA YR i Weindling #1 Emerson
F 1936 - )\ — kA4 B Gliocladium fimbriatum
thor Al T AR R 9 0P B A R T
M3z, HEA B ENSHRIE—
WA, XML G W B R s A= Y T 1 i B
SR, HATEAASY O IE T 20 Fhasme
B, REGME A LAY 4 F6 )R Tk
HHEERAEH S, B KAR R 5,
WAL S WTE AR Y 5 3 EAEY 0 B
HE R UE W 7 N AR S 0 F T LA S 3
FHEY RN SRR, FE, SR A
RIRA P EEPECA, Shu 2305 18 M — i
A B Fusarium sp.FR3RAF 2 Mt IE 21L&
Yy, 9 HA AR SR A BT A0 A A Sk i )
e, SR T IR BRI E U A R IE 1k .
AHEGE B YR FHTE PR R 00 7 7 DA N
A= EUE C. rosea HHERAS 3 N4 T I M R ) 2K
G, dE— Ui WA N AR LR SRR BT
WA EY R ELETE, DG TERE MR
WA RNE . SR, TEVEERER Bl AR, A
TEEA 5 D o B B AL & WP S PRI A
U, HEM AT BESEFA T o B A R v R T LS
Bsro WEE, Br C. D. F =G TEERA 8,
HoAth 20 53t AT 58 & A TS PR AL AL S, (HR T
Tk, MEAERIEE, ARETRITT 20
WA, Jibh, FETHYINA: B IEZ 8] LD
AW 5 A P IH B AR I, FRATHEN,
WO N A LT C. rosea ] REMH o 43 W4 AR 40 1
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