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MG, BAWFIE . B Lol BB A KR
FEPE, [RITE B JOMARIR R DL RN R R B 2
LA AR, XS AE TR AR L AR
A BRI R S T T AR —E AR . R IE T
SR IR R R — R, R iE A L)l 1 R AR
W— e B EL A AL OB, R A Lt
AIEAEY LUR T R R s R, il
A 9T R I B U 18 TR R A — S B MR 1Y T
PEARE =, R T R A S DA
LG FIA R VIR L, 2 TT AR A P R e
A EE G2 — L ARBFSE IR T #E s 4h
W38 B Curvularia crepinii QTY CO1X L N [ A%
D (AR FH B — S5 WAR VR 1) 22 A Ve T T 0t
FOR B WA T T S EE, BRI
UG W5 B e 70 B B

1 ARAey

1.1 #Bk

1.1.1 KR W . L5 B R B (Pantala
flavescens)%) L T20124F-8 H >k H W VLIM i 27 Fff
PRI (29°00'17.37“N, 119°29'54.84”E),,

1.1.2 T 2255 Rh 1 SR S (Amaranthus
retroflexus) . B (Echinochloa crusgalli); RYEY)
¥ HIKFE(Oryza sativa). i3 (Brassica
campestris). #)I\(Cucumis sativus). & (Lactuca
sativa) . HH(Capsicum annuum).

.13 BEgREE. AZFRITEIFRIL(g/L): A
20, JEHE20, HEARL, BIR15-20, ZEMWKIL,
pHE R . AIBEE J AR AR 75

1.1.4 AER5EM: PCREMNY HL . BHRAGE
FE[100-1000 L. 20-200 uL. 0.5-10.0 uL), &
Eppendorf/A #l; SW-CI-1DIE&H TAEG, TLHA
INEEABER s YXT-2B DAL, A O HLY
A BT Agilent 12608 SRR, ZHEEHL
FAMWRAT; He- 1M kA, FifE ik s A Al
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IS AN SR T, Mariner iR, EEABIA
] ; BrukerDRX-600Z IR, Hi+t:BrukerZ
A3 CCA-11ERGZEAAN, LT & s A R
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FZEH A ) 3 D 4] DN A$E G
Mg, o E R EARG WA A 5L
IS FHRERE . Bile kA, W A At B R AR YR
RABRTAEAF]; AEZE, WAZMNT AR
75 200-300 HZHrEEREIE FIGF, 5, 2 2 Wi ik
e, H S EI T ; SephadexLH-20, Hiil
Pharmacia Biotech/A 7l ; TaKaRa Tagfifild F H [F
B = AR A R A A
1.2 FE
1.2.1 QTYCOIEBRMAE : 7% k(6115 fa
B4y U] 75%IP90KE R M #E2 min, JCRK Pk
3K, 1S 20 I M i T TR A T T
WS, FH G R K R B9F S 0 A5 6 B A B i 107"
107, 107 S ANk BER BT, 430 U450 BT
0.2 mLIFAi FMEARSFRIL AR -, 28 °CIEEA
Bt FRRTER G, MERVE DBk i 22,
P FR Al AL 5 A7 T MEATR A ki o 45 F o
1.2.2 QTYCOIHBRMKRE: WAL Wik
1A R R DR EIMEAY-fi L, 28 °CH:
I%, BWRERWEHEERIEE, R B
BEWER IR 22 . 7SS L BT T SR
SFHESE . KR4 AR R AR R
DNASRIUREL, R AR B e B B SL P 41 DN AR
BURH S AR BUARRIE A DNA, 1% AT s
B HL KA I A BE . LA E SRR B R 4HDNA N
b, HBIITSI (forward): 5-TCCGTAGGTG
AACCTGCGG-3', ITS4 (reverse): 5-TCCTCCGCT
TATTGATATGC-3" "X TH FRrRNA YT TS [X 4
HATPCRY 4 o [ AAFASO uL, f345: 38.8 uL
ddH,O, 4.0 uL 10xPCR buffer, 4.0 uL. dNTPs,
ITS1. ITS44¢1.0 pL, BHRIERIZHEAR1.0 uL, 02 pL
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Tag DNAR A, PCRENFEF: 94 °C 2 min;
94 °C 1 min, 55°C 1 min, 72 °C 1 min, 357§
5 72°C 5 min, 16 °CH-AF. PCR™=YIHI1%3 N5
PEEERC L6 . PCRY I =Yl 53k &2 |
MR TAY) TR B mIHE T . 0 45 3
FYITS )7 5138 1 NCBIEHE 2 (http://blast.cbi.nlm.
nihgov/Blast) T AZ IR T 1347 LY, FIFIMEGA
5055 T RGER B 50T, RS (Neighbor-
Joining, NNMHRGABW, 1710000 A%
M1 (Bootstrap).

1.2.3 QTYCOLREERF=YHIRIL: K EEFC.
crepinii QTY CO1 T 22 AR Y& 3| 5 A MER; 5 5
250 mLAEEIR T, KigR2-3 dENRh T AR)E R
FhF WP T & A MERE #5319 1000 mLEEE )R
tr, JF7E180 r/min, 28 °CEAE T #HTY KKk B,
ALC. crepinii QTYCORIASE T2 . TERE I
ML d (L9 OFETHE A THC. crepinii
QTYCO1 &R 50 mLZ:2)2 2045 i 845 2 & WEUE
W, T4 CIEmEH; C crepinii QTYCO1E:7 d
REIEW MR OER « VAR RG34k, /5
RO, AEURRZ45 °C. 51014 KAE T4
APAS B S AE AR 3R Y, BN C. crepinii
QTYCO1 KRB £ 18 L FRHEH)
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A S R/ IR AR . 278 SCHR[ 1319 71, S mL
O3 2 1-9 d¥E SR I R T UER . FH PR I A )
100 pg/mL R LRI AL & Wi B T ik
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TR KA o Hodr 4330 LA 2 A8 7K R DA il ) B Ak 2
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0 5 WL AR VR R AR B AR b (BRI 10K,
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W4 mL, 14 dE RGN ZFRE, FitzF
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GOy A" 0g. RIER; 196 mhEiiRAr
o 290 fR1200 B 3. PR
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R RiE G TR, AW RN H-
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2.1 QTYCOIEMRKEE

TEMEA~V-Hl FAETR28 °CHE 310 d, EARAIA
70-80 mm, BE KV IRER, J5 B W sk
o, FYk, B, WKERIE ., Ve, %A
BIFED . SRR ESGE A, AT
ARAHP AN, e, Tivmm s, A
PR, TIAREE@REER, S, KaJ2y160 pm, i
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1. EHRQTYCO1HIE% 5 7% F1-7(400x)
Figure 1. The colony and spore morphology of strain QTYCO1 (400x%).

B F 8 S ITS F 5T BLAST 5GenBank 2.2 REEBOS BB AL SR S HIvE
TR T SN HEAT LU, 5 HEE O REGE N C. FHAN ] & 1o R A & DN 72 T QTY CO1
crepinii (KFST2448. D) FFIMIIPEL 100%, JEOIHL %P0 b S0Rh 78 & B0 /R FiT . SCihss
M HHRIK9T%, TERGERKEW LT —03 EW. C crepinii QTYCO1 K FER N R B A AL b
(B2), @G HIEEHRAE, #—PEENC. IRIERSRMBIER, HphisRa-8 dib LR
crepinii, RO T i EMAE YT BOS OB R TE R (Fl4), L HIERR R4 d

L, HAG#ESS : CCTCC M 2014308, 4 2 I WA ) AR I TR BI90% LA B, S5 BRI
99 |Cochliobolus geniculatus (KJ188717)
95 Curvularia affinis (AF071335)
68 L Curvularia heteropogonicola (AF163080)
Curvularia gudauskasii (AF071338
e
96 Curvularia gladioli (AF071337)
95 Curvularia crepinii (KF572448)
100 'QTYCO1
Cochliobolus verruculosus (JX868730)

]1 _ECochliobolus tuberculatus (JN192374)
90 Curvularia oryzae (AF163083)
I—Cochliobolus miyabeanus (JX868708)

100 I—Cochliobolus heterostrophus (HG326306)
Drechslera biseptata (JN712464)

A
0.02

2. ETEEQTYCO15.8S rRNAERFE FERFINMENRZ LB

Figure 2. Neighbour-Joining phylogenetic tree of 5.8S rRNA sequences of QTYCO1. Numbers in bracket represent
the sequences accession number in GenBank. The number at each branch points is the percentage supported by
bootstrap. Bar, 0.02 sequence divergence.
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2,4-DIETE(100 pg/mL, 95.6%)F24; H5352-5 dfY PHME X RS IR AH R (TN 1.0 mg); [RIATES

Evﬁ%ﬁxﬁ?ﬁﬁﬂ%ﬂiﬁiﬁﬁ%, Hrh B 33-4 diY &
PR R BEAE 15 3195%, 5 BHMEXTIR2,4-Di%
(100 pg/mL, 96.6%)7!%#(@14)0
2.3 ZRZERRBYNEE., BT WARE
YR R IEIAE R

C. crepinii QTYCOVKEEK L2 £ FRER U Xt
PR | SR A UL ARAE Db i 4 T
KI5, 455 R B RPN 24 o HAT BT A 36
(K15), TE100 pg/mLAy¥E 2 S F T A $E 4 % B ie
IR D8 A TGP 5390 56.8%F171.2% . LAk
ﬁﬁ?ﬁi&ﬁf)’lc crepinii QTYCO1 &k L 18 . Wik
PRI — 8 WARVEY A R a1
100 ug/mLE’*J‘(?&gmﬁﬁ?, ik L7/ DOp) € I Y]\
BAEL L BRI IR T 18% , XS it 41 il
F432.6%;
24 RERBNERBERNRESE

R RO AR R BRI M S R AR 1, 45
TRWIIG R 5-8 di’) A& W 0T R B 4 i TG PR AT
EEP*”S%E’JEE%‘?& Bl B 27 R A H) 7 0%u
s SE7-8K Y R R i LR T B e

—o—Amaranthus retroflexus
100 - a—Fchinochloa crusgalli
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70 i |
60 |

sof A
40 9/ 2
00 ‘
20F

10

[>
|
B

HOH

Inhibition rate/%

® >
-

1 2 3 4 5 6 7
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&l 4. QTYCO14EixS R A B FFREHNHIZR
Figure 4. The inhibition effect of fermented liquid of
QTYCO1 against 4. retroflexus and E. crusgalli.

78 K & T vt T YRR AR A R, 7RSS

T-8REEE /M HIN8.6. 8.5 mg, FLFHYEXTIE2 4-D

(4.5 me)RUR I 2%,

2.5 TEHELEYRSBELERE
REEW300 mL&3 2 At Ik e fa uk i, Hl

TR TR BE A5 1.17 giliE(Kle), FIHIH

[ 1Crude extract
100 2. 4-D
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5. QTYCO1 % B 2 B8 Z BEiR BRI BRESE M R L
EMEYIR R £

Figure 5. The herbicidal activity and safety test for
crops of ethyl acetate extract of QTYCO1.

*1. EEQTYCOLL B RX BB E R FRE R
Table 1. The herbicidal effect of QTYCO1 fermentation
broth against E. crusgalli in vivo

Ttems Victimization Fresh Dry
rates/% weight/mg  weight/mg
1 d Fermentation 35.6 17.8 1.7
2 d Fermentation 27.8 24.4 5.6
3 d Fermentation 44 .4 16.0 1.5
4 d Fermentation 64.4 23.8 2.5
5 d Fermentation 71.1 11.8 1.4
6 d Fermentation 64.4 10.2 1.5
7 d Fermentation 66.7 8.6 1.0
8 d Fermentation 57.8 8.5 1.0
CK 0 49.2 5.7
2,4-D 96.7 4.5 1.0

2,4-Das the positive control; CK means blank control.

http://journals.im.ac.cn/actamicrocn
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SE R TR B AR T A R (180 mg) . Xt
AR AT RS A R SRS T, A%
JEUF . HR-ESI-MS: m/z 385.1264 [M+Na]’,
C,oH,,0,Na 385.1263; 'H-NMR (400 MHz, CDCl,)
§:1.49 3H, d, ] = 6.0 Hz), 2.16 (2H, ddd, J = 18.3,
14.3, 3.1 Hz), 2.53 (1H, dd, J = 17.2, 2.5 Hz),
3.46-3.68 (1H, m), 3.83 (3H, s), 3.98-4.04 (1H, m),
4.53 (1H, s), 5.26 (1H, ddd, J = 11.5, 6.0, 2.1 Hz),
6.01 (1H, ddd, J = 15.0, 10.5, 4.2 Hz), 6.23 (1H, td,
J=11.2,2.6 Hz), 6.35 (1H, dd, J = 11.5, 2.8 Hz),
6.41 (1H, dd, J = 8.7, 2.6 Hz), 6.89 (1H, d, ] = 15.3 Hz),
12.15 (1H, s); "C-NMR (CDCl;) 8: 20.8, 37.0, 37.5,
55.4,73.6, 73.7, 80.8, 100.2, 108.2, 125.3, 130.2,
132.9, 143.1, 164.2, 165.9, 171.3, 5 Ayers% "8
1(52)-7-oxozeaenol B 3EA—3, LGS
YI# % %€ "N (5Z)-7-0x0zeaenol .
2.6 ALEYR BRI HRIVE R

BARTE MRS R TC crepinii QTYCO1
KA B Y R AR S YI(5Z)-7-
oxozeaenol A B M il KR i 4, LG bt
FH VR E TR R ENsR(R2), AU A ik
FE 100 pg/mLEF, X B A 0 A6l R 25
85%; T HNIC }4.8 ng/mL,

OH O

H,CO

3

& 6. ;EME1L B H(5Z)-7-0x0zeaenol Y53 FLE4E
Figure 6. Molecular structure of active compound(57)-
7-0x0zeaeno.
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w2 WEYIX REHAIHIHIR
Table 2. Inhibitory activity of compound against A.

retroflexus
Concentration/ A. retroflexus
(hg/mL) Root length/mm Inhibiting rate/%
1 11.8£1.6 b 30.6£9.2 ¢
5 9.1£1.0 ¢ 46.3+£5.9d
10 6.0£0.9d 65.0£5.2 ¢
50 3.6£0.6 ¢ 79.0£3.6 b
100 2.6+£0.4 f 84.9+23 a
CK 17.0£1.0a /

Data listed in the table are averages of repeat 10 times; CK
means blank control; Data are mean+SD. Different letters in the
same column indicate significant difference by Duncan’s new
multiple range test (P<0.05).

3

HAiT, T e A P R 50 5 B9 5 7 T
/Tt AR BB 2 A SR
BRI BRI, YT MR R R A
WF5Y S AL b A R W B0 TR 45 A 8 A
Yy, B HAHCH R IE P BRF DA H0E . AR
TR R IE N T B AR EN IR EEQTYCOL, £
WENC. crepiniis HABER M LR PRI AT
A BRI R I A, RN A
AR B ARG AR AR, T A —
PR R, LR CBRIRIU N — 20 LA AR
YIEARI L. Fi, AP EnRQTYCol
BT R R BB R R T o

M E L R E R QTYCO1H 3 B 15 2 1 1k
A W(52)-7-0oxozeaenol & | B — 5508 H iR PRI RS
&Y, Rl EllestadZ: T IR K E T 1Y
AT BEARN, J5#SugawaraZE P N 1FP T
W W EUR B # (Drechslera portulacae)'1 /3 B 15 %))
ZALA Y. AN, LinfE " BRI 55 L A
B Cochliobolus lunatus’s B 48Nz M5, FHHRE T
H B B A0 40 i v (Balanus amphitrite) K1Y
YEHT; Ayers®:"HRIE T (5Z)-7-oxozeaenol A 1R
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FHO

ARIXEREMBRRIGIERC. crepiniithBEr=4:

B W1(5Z)-7-0xozeaenol - HA FREIEM: . A K%
PR H T TR I AT B A L TR AR AL RN
KA A A Rritt— 2 W 3T o
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Phytotoxic metabolite from QTYCO01, a fungus residing in the gut of
Pantala flavescens larvae

. . . . . . *
Mingwei Shao, Liping Jin, Yinglao Zhang
College of Chemistry and Life Science, Zhejiang Normal University, Jinhua 321004, Zhejiang Province, China

Abstract: [Objective] To isolate the fungus with phytotoxic activity from the gut of Pantala flavescens larvae and
find the phytotoxic lead compound from the fungal metabolites. [Methods] QTYCO1 was isolated from the gut of P.
flavescens larvae by means of spread plate and identified by 5.8S rRNA sequence analysis and morphologic
observation. Phytotoxic activities of the fermentation broth and ethyl acetate extracts against the radical growth of
weeds as well as the safety of crude extract to the selected crops were tested by Petri dish bioassay. The herbicidal
activity of QTYCO1 against Echinochloa crusgalli seedlings was carried out by potted bioassay. Fermentation product
was purified by recrystallization and identified by extensive spectroscopic analysis. [Results] QTYCO01 was identified
as Curvularia crepinii. The fermentation broth of QTYCO01 significantly inhibited the radical growth of E. crusgalli
and Amaranthus retroflexus with the inhibition rate of 95.0% and 90.1%, respectively. The fermented liquid showed
significant inhibitory activity to the seedling of E. crusgalli with the victimization rate of 71.1%. Under the
concentration of 100 pg/mL, ethyl acetate extracts exhibited significant phytotoxic activities against the radical growth
of E. crusgalli and A. retroflexus with inhibitory rates of 56.8% and 71.2%, respectively, and showed good security to
the selected common crops with the inhibition rate of lower than 33%. Therewith, a bioactive compound was isolated
from the ethyl acetate extract and determined as (5Z)-7-oxozeaenol. The compound showed good phytotoxic activity
against 4. retroflexus with the ICs, value of 4.8 pg/mL. [Conclusion] Strain QTYCO1 could be potentially developed
as a new microbial herbicide.

Keywords: insect symbiont, Pantala flavescens larvae, Curvularia crepinii, phytotoxic activity

(KXt %h: £4)

Supported by the National Natural Science Foundation of China (NSFC) (21002092)
"Corresponding author. Tel: +86-579-82286419; Fax: +86-579-82282269; E-mail: ylzhang@zjnu.cn
Received: 24 January 2016; Revised: 5 April 2016; Published online: 3 June 2016

actamicro@im.ac.cn



