(DGR

Acta Microbiologica Snica

2020, 60(8): 1629-1637
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20190489

Research Article i

Z RG2S FRAFE KM 2501-1 R EF R4S 4 b SR M 4R 51
BEE, BD, WE, £, ki

Terp Nl K2R\ A IR 5 E R TR PO, e A ERE SRR, AmBkrs R b,
e #i 430070

FE: [ i ] #9454k th(Meloidogyne incognita) & — il /i 3 7 5 1Y T AL R MR Rk, 4l Ak
PR T BRI AT, RO 9E & I 2 K 28 28 MUAT 1 (Panebacillus polymyxa) KM2501-1 HA 1R 411
T E BTG AR ES LR B, FLAT = 25 R M R 2 S PR 5, (H AR R PP 5 A R
WA ST . AT — 2040 % e H 7 AR AR R AT EAC I, BT Rk 2. [ ik ]
XTI R KM2501-1 #5459 1A 2 T s O UCHE & I 3, sl ik A 2T |« o R 2335 40 125 25 1A%
B R4 I AR AT T, I S VRO €8 1 T R I A BT AZ R R AR R S R TR R 4
P o [ &8558 ] AWim R R, 2R 2R AT KM2501-1 & B b 38 3G 30 14 p AR 45 2% 1l i ik
TEPE, JFREA RN TR ARG L R ONIFAL, RSN R AR =ik 87.66%, il BRI AL SRk 92.26%.

L0 0 A5 R SR 2R S S AT T A 1 R R TS YE Y B R IR T cyclo (Pro-Phe), 800 mg/L i
cyclo (Pro-Phe) 4k B IE 84.75%. ik — 0 1y WO 45 SRR I, S XTREAAIAHLL, PP cyclo
(Pro-Phe) b HIL S AR 4548 R A TE AL 2R 8L . 450 & AE R . [ 4518 ] ZRZ8ZEMIAF B KM2501-1 7= A 1
cyclo (Pro-Phe)j&— A~ HA R HUB I RR TS Y i, 0T BB A B AL i3l PB4 i

KHRIR: ZHEIFMARE, MIRE L H, R HIEM:, cyclo (Pro-Phe)

W) 27 26 b (plant-parasitic nematodes)f&—3%
LYAEY ZF AR IR AL, XA E IR A 7 1
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B, AR AR 2 i R A R 1 3R
YRFELZITHNE, AR5k E . X AFMA
SRR fE . A AR PSR 55 55 . il
J& 2009 FERFA S AR 2SS X TR IR S
VIZ it s R e BRI AR P e . K e 55
UGB AT IS 5L A A Aol % Jig 6 b)
Treag . R HA TR R R, ik
ok, EWIPIA MRS L BRI TR O &
ROEERE R, BUOAIIRE R, &8 —S5iUEY
S HARE P Wy 9l B EAT B W 4R IR BB ROR
BN — S 2F M AT T AT DA A — e R A Y
FELR B SR AT At — 0 41 T A R AT T AT LA
17— e A W B 11 2R R O RSB LR
H 5T 0 A= P A 2 dOn R D HRCRARE , TG
Pl R TTTEE, ATIT ROR B A IR IR R £
B ie il 5

R M e — s DLAY -S4 eRT, Js T
YIARBRAEAE i (plant growth promoting rhizobacteria,
PGPR), W] LA™ A —SE g A ) AE R IR R IR
I R VAR BRI O A I R AT RS 3] A1 A
AR IVERY, RG2S ZEMRT R A ] DL A0 2k
TR 2 . A TR 2 A A0 T A TR R B A R
{HRECT 2R M PR & B, A
DRBUH R IRT T A B RG2S 2F AT I KM2501-1 A
DL A 410 7 2 P OVR — e R 4 g R
{HSEXT Z R ZEMAT TR KM2501-1 JEHE R PR R
HOARH ™ W) 00 Ak 2 5 4 S A% HOAIL 3L R T e o
GE o ASBIEFE I 2 R AU I AR AT 2R 2 2F A TR
KM2501-1 AE#E AR A A=), it — i
B AT J2 A A0 v ASOBUAH €435 73 15 2k H AR )
) FHVBORHE €00 335 - I3 335 BB P 0 A2 1 i B AR o H:
SERHATIRAT, DUONEE— P42 08 S RO i 2
HUGIR 255 R SR B RS AR AR o
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1 MR Fedr i
11 B

111 Bk: ZHEZEZFMIAE KM2501-1 AR
A KMB 13 PP v 4 0 B LR
GG B RS L B8 . RiR R BER ]
KM B Y {455 % 364k % 15 5% (28 °C, 180 r/min) 48 h,
8000 r/min &§.0> 10 min WA & B 1WA i
112 FEAEAEG . H AR bR
55 47 6 v Bruker Avance I11 600 MHz 577 #E
PR G SR G, B3 o B R 36 R 2 e
Agilent 6540 W Tk FH AR 48, i SS0RAH (5 (R H]
H A S H A \] LC-20A, A #5641 R A i T i
BHE A BR/SH Welch Ultimate XB-Cyg column
(10 um, 10x150 mm), fai R A 56 [ L4 e
Bl /3 F] TC-Cyg column (5 pm, 4.6 mmx250 mm),
N (i ah) R A AL nt il ik BHA RA F, 2
RATHT R AW B E 2554
12 FERGEE BURIR A 4 R A

A 7 AR 2 L i R U AOL RAEARLL M A AR AR
it RAEMITET S, MR RS
Fetrh, HEME KL 34 FEMEREEEA L
U L1 E LR, R 1 bR
B 28t AR A 2 e — 8 4 BRI, R A
2y 2000 k4. TEilRENEESR, 40-55 dJE, ik
R A REAR S L IRy, P e AnfE ek, H
THRKE RV L, PR ST PRI IR, ik
A 2mL REOEWN, IAERZERKZREEN,
1t 20 °C fH IR BE IR h Al o WA L 5d Ny —
W4 1 P Iy AR 4R R 4l A g H
1.3 B RGEE BB A A

FH 96 FLAR A T2 HU B A A Wi PN S 2
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AL 120 pL s BRI S BIAESS . 2 pl W
30 mg/mL FY5 55 % 1 3040 Sk it i) — I AR )7
MREEL R, MRS 3 MES, WIkER:L
TR R B IR L (KMB B 5755 28 X IR,
K cyclo (Pro-Phe)4ti i >k I C K A as
FIXFRE, 20 °CIRARIG R, — B e ME It 4eit
MREEL AT %, LIWEL 31K,
1.4 XJE 7 HREEER B O BRI AL By ) SE T

F 96 FLARHAT IR BN 255, 10 96 fL
B & A 200 pl AN [) e B 1) 22 K 25 2 AT 147
KM2501-1 & [ 357 . 2 uL ¥ A 30 mg/mL (¥
RE R IR FE R T 1 A AR 25 2 A g e
MREICE 7T AEE IFH KMB B SR 28 Fv)
W, B 96 FLARFRAF, JF I S K 96 fL
Pe# T 25 °C MG E . 7F 48 h gt G it
fLIF L 2 g, SCIm A 3K,
1.5 EAHRERCHEE M4 B aii

A KM2501-1 &8 FIEBMASHATZ
FERS)E 4 CRFENR, B0 BB IEZE
s, XGRS IR TRERSAE M. LT 3 1K
IEAHRERSHEZNT, S —UROEAHRERCAE 2T R &
M2 W6 . AR R R, I 3 AUk
JR AR B, DRI SR C FL Y 1:1:0,1:0:1 A1 0:0:1;
5 U AHRE SR JZ 4T R R £ g A0 FH Ay
VAR, WE 7 BTN, eBA R
B 1.0, 20:1, 5:1, 1.1, 1.5, 1:20, 0:1;
55 3 UEARRE AT )2 07 R FH G Y e/ Y A ke
AR, BE 6 MBEEEHFATUEML, BEBv 7 L
WKk 50:1, 20:1, 5:1. L1, 1:3, 1:10, &AL
BB PE 1-2 AR RS A5
Ve I8 B A5 A AR R g M, SRR Z g
MR L T AT T — 2 1 o s gl

16 REBAHEIED T

2 B R OB 435 4325 L 20% 2 i K I
(VIPER G EhAH, R 210 nm, JEFE R
100 pL, ¥ 3 mL/min. AT SORH % R
20% 2 i 17K W R (VINAE R it 2l AR, G I 3 4
210 nm, FEEEE N 10 pul, FEA 1 mL/min,
1.7 ¥OM-FREECH (L C-M S)ii

o B AL R OB PEY BT, 50 BT s A
WOAH SRR AL 5, YR TR 5 258 ki
e i TERR T , SR T Agilent 6540 i I T 2 48wt
AP BT AT RO A - AT R B ) AP A
o LC-MS MZEXE N : IEEFIE ES, Haill
Pk 210 nm, FEREAFR 2 ul, JiE 0.3 mL/min,
FRE SRS FTIRHG 20 min, #ARSE 325 °C, TR
A 4 L/min, B4 4000V, PUZATIE
+ m/z50-1800.
1.8 BREIEIR(NMR) ST

DAEE FH R 05 70 SR R TR IS I R LT
PP B atih, RHTEEAE 5 Bruker Avance Il
600 MHz & 73 B AAZ G IR B () o3 B i )
Ji & HE ., Topspin 4K {4:{i (Bruker, Rheinstetten,
Germany) T NMR i K AE FIAL B
19 MRAK

28 B T % (%)= FE T 28 AL B it /48 B3
x100%
1.10 ¥iREGiit

KM SPSS 17.0 kAT s A 3RAN )5 22 53
Mr, G5 SR NP EbrEZE . R ST RE
At K6 A TSI 2 AN A ZH 2 A Y 22 5 B T
O3, BEKFEN 0.05, **F R SLEA] xR
I P<0.01, *** K R 525 4 5 X IR 240 A1 L
P<0.001.
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2 HERMAH

2.1 ZREIZFMIAFE KM2501-1 fKSMME B 7R
SRR MGG R

ZORESF MR KM 2501-1 A% 2% H % PRGN 45
RN, 5 KMB BRI, ARWENZ R
ZEUAT R KM2501-1 A& ¥ 3 B ER A ARG 1) fioh 2% 7
TAREELR AOE T, HREE VR T, ALk s
BHGR , o Z R 2EE AT I KM2501-1 & % |
BRI R UBCR By, 48 h ZR BB R b
87.66% (&l 1-A). F HIRIMR B 1Y A2 2F AT B
KM2501-1 & % b3 1RO B 7 R4 4 A B (bt Ay
RGP B IHIRCR , o 2R ZE AT KM2501-1
R ISR VA SRRSO o B, 48 h
FHIARZEL RO BCR 351N 92.26%F1 65.01%
(81 1-B). iX Suh R B Z2 K528 27 A T KM 2501-1
R FIERE A SRR RIE Y R, (AR
TR AR Wi AL 257
22 RELHEEYRA T EALEER

X2 REZEATTE KM2501-1 & % b i rh
A TS VR W) BT R AT 40 1 A0 A 0 A% 2 o i M R
B, Zad 3 WIEAHRERCKEEMTG , XS Rig
IR A A3 BEA T 21 T 45 i S80BOME €3 o3 A, 5 SR
nE 2-A s, YR FEA 8 M,

XF P1-P8 43 5l A 72 il 28 A [MNSOF A TR
BTG, B PL A I ORR HEEAN, oA
7 AL 5T ERA — 5 RS R IR AL AU M,
TR 7 P7 B9 R 2 UG P o, 1000 mg/L 1) P7
4143 48 h 2R HUSCR =735 90.48%, K] X 1 41
gy PT TR Rl 4%, WAk SE (i TR PT it
TR RRAR TS 1T, 45K 2-B Fos, &1
Wy P74 HT IS BRAE 2 min 2247 H B — N 5]
sl , HAE 8-9min g — M TiE, Uil P7 ()4
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FERR, AT LA FH LA 450 %€ o
2.3 RELRGEHYREEEER

FIF LC-MSH AR XS 4lifbJ5 1) A8 2k Ha iE M4 ot
4l TR I AT . T 3-A SRR IS TR R PT
) —2 s L, e B ol 245.11 Fi 267.12 1
(e 17 = IS S A TP A i = v
VLA T B R EARA AT BB —A> HY  Na’
CE KT, R A SIS M B [MAH] (VD)
245.11, [M+Na]*(m/2)ly 267.12, FFLA2k duid i
YI4> Ttk 244.11 Da, MR HRF A T30 4
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FNHNHIR 5 RS L R ORGP ILIE 1% (B) A R

Figure 1. The nematicidal activity (A) and inhibitory
effects on the egg hatching of M. incognita (B) after
48 h exposure on the culture filtrate of Paenibacillus
polymyxa KM2501-1 in different concentrations.
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Figure 2. The high performance liquid chromatography of nematicidal compound after normal phase silica gel
column chromatography (A) and nematicidal compound P7 (B).

PE— 2 ISR ST, 4545 TR 45 AR ST
AR UG Y I AL 25 o 3 T A e —
A 3-B FoR, AP AR FE IR
it el L R R AR A B8 I DR 5 TS ] Ak 2
S SR T IO LU AR PR RRAE G 1 3 B2 LU DR o I
R % 2k T 00 R 1) — 4 03 AR X ELA %L
AT TR0 o fdr, BAABdE gk 1 R

R 32308 PR 0T 0 S0 A LR 43 4
S AT DU B bR KM2501-1 v A% 2 i )
1) 5rF N 244 Da, 313K CuHiNLO,, fh5:
458K cyclo (Pro-Phe), %Ak 442 i fili (e
RN AR IMETE B ER K, fh2EghianE 3-C
Iz

24 REBREWYIR cyclo (Pro-Phe)filREg TR
LRk MIE SR

AR 3 2 Al 15 3 1) R & JUE Y i cyclo
(Pro-Phe) 17 A 4k HUTE PRI, £5 540k 2 Fiw
S5KAEBHF L, AR E R cyclo (Pro-Phe)#h
HA B0 R 4 UG P, FLIE % A PRV B2 T = A
A IR R GHC, HOR LR R F g o, Horp
800 mg/L ¥ cyclo (Pro-Phe)ib3H 96 h 52k AT
R Ik 84.75%.

800 mg/L BYARLE HE MM cyclo (Pro-Phe)fE
FTFR T REEL A, 24 h 5 HREELR A TE M
W, WSS, IIE TGS (K 4-B),
72 h JR 2R R AET H Wil Hh BLET 2L (I 4-C); i
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Figure3. The mass spectrogram (A), *H-NMR (B), and Structure (C) of nematicidal compound P?7.
1 REHTEMYIER PT MM IR 2. IRZRk cyclo (Pro-Phe) %R 25 4 s & 14 0 E
Tablel. The NMR date of nematicidal compound P7 Table 2. Nematicidal activity against Meloidogyne
Atom H Protongroup Multiplicity Jvalue C incognita of cyclo (Pro-Phe) in different concentrations
3 420 C3H t 4.7 60.0 Concentration/ Mortality/%
6 2.60 C6H dd 10.8,6.3 59.3 (mglL) Bh 75h %h
7 2.03 C7H m — 30.1
167 CTH' m _ 30.1 0 3.33£0.78 6.67£1.42 6.67+1.42
8 191 C8H m - 22.7 200 8.82+2.57 290414542  41.18+6.14
162 C8H’ m - 22.7 800 40.68+3.76  66.10+5.83  84.75+7.35
9 3.53 C9H m - 46.4
3.31 COH’ m - 46.4
10 3.0 CI10H dd 137,48 412 Xof HE 2H TG T /K A 35 1) e 45 2 R TE 1 AT
2.99 CI10H’ dd 137,47 41.2 S \ RN N
: i i I i e i HE SRl
13 731 CI3H m - 129.6 A 4-A). RisLiinEmiEs721k, cyclo
14 7.31 Cl4H m - 129.6 o o .
15 7.31 C15H m _ 129.6 (Pro-Phe)ﬂ HhEVF)ﬂﬂ:ﬁﬁﬁﬂ‘E?n?ﬁEE@%ﬁEﬁﬁ
16 7.2 Cl6H m — 1315

ZEIRAET
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Figure 4. Morphological changes of the Meloidogyne incognita treated with (A) ddH,O, or 800 mg/L cyclo

(Pro-Phe) after 24 h (B) and 72 h (C).
3 itk

SR FMAT I KM2501-1 & 35 A
ARIF (R ARSI T R 1y AR 5 408 HL 3% e A4 o KR 5 2
HUGRIREAIE M, 3 S Ak RN A ) 4 R B
AL A R RS PEI T cyclo (Pro-Phe), AR
T I R L2 R ZE AT KM2501-1 A L)
FEAE 22T HAAE 8 Rl R AR g Y T H AT AR
U BOARGE LR IR R B VA ROCRM . 2R 2 MR T
KM2501-1 A] LAGE o fil 4% . il DRamedl . SRR . 52
Wi 24 oAb 55 2 BRI AR 45 4 R, AT LA™ R
cyclo (Pro-Phe). 2-T-il55 9 Fi k& TGP,
A T 53 AL HE L) (P6 FH P8 55 ) (1 25 v &
fEbT, P Z R KM2501-1 & —#kE
WA AN FEE. HZ2RMIERAT R —2%
YRR PRE A T, HARERYERER, H
2K E AT B KM2501-1 B JT & R 2k il
AR 7 .

AR URR T RRERET . 2,5- HidNR R 2,5
TR, SR R A S R o IR A S RN M E
TSGR — AR X T B AR AL 50, S Al R f Ay AT Y
— PP RIS JBT o PR R BT R 2 R DL K S
P, T AT AR, TEEhtEY) | SR A
FLB B AN S A oA B 38 IR R

FAT 2R A6, — 3R K AT IR R
A LLIR KA i DAE SN B 259, n] LLd i e F
A8 A0 B U TR AR A S A S T S AR A 5T
KRG — S AWy 7= R IR Y ik B
2k BUTE DS AR 5T & B 22 R 2 2 AT T
KM2501-1 A AFCH ™ A A 2 BB U RE B9 3R — Ik
cyclo (Pro-Phe), R ik cyclo (Pro-Phe) &L A 4
R SCHRARE HAE RN AR M) T RE A HiiE K
cyclo (Pro-Phe) %5 i 5% %4 (Spotted knapweed) H
A —E R FEERS ) R X K AT (Escherichia
coli) . B 25 H AT (Bacillus subtilis) F14: 2 (4,72
Bk I (Staphyl ococcus aureus) i 7 H 0 B 1 1
IR 489 cyclo (Phe-Pro)nl L% NF-xB
AR SRAM i 25 3 e KA RO Y, (H R R
RMHAEARLAE T Ay 4kiE . PIABESE N
B EH R cyclo (Pro-Phe) BA K4 HY A4
H13E e, 200 mg/L Fi1 800 mg/L #Y cyclo (Pro-Phe)
ALk ORIk 41.18%F1 84.75%, HA ik
WAL MRSy, #E— L9578 T ARL R YT,

AL R K cyclo (Pro-Phe)fE )5 14
LR A ZEEL, UL A] AR o MR AR A5 4R R
WpiEARAEL L, 2 B UCHGE BRI AR i
Yt A2 dupll, HRARBLR D 23 BB 2L
HE— 2 IR AWFSE
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Abstract: [Objective] Meloidogyne incongnita is a soil transmission plant parasitic nematode that causes serious
losses to agricultural production worldwide. Panebacillus polymyxa KM2501-1 inhibits Meloidogyne incongnita in
greenhouse experiment, and could produce a variety of nematocidal volatile organic compounds. But whether its
non-volatile products have nematocidal activity is still unknown. This study focused on identification of
non-volatile nematocidal metabolites from Panebacillus polymyxa KM2501-1. [Methods] Strain KM2501-1 was
fermented to collect supernatant. The high purity nematocidal substance was isolated and purified by silica gel
column chromatography and high-performance liquid chromatography. The structure of the nematocidal substance
was identified by liquid chromatography-mass spectrometry and nuclear magnetic resonance. [Results] The
fermentation filtrate of Panebacillus polymyxa KM2501-1 inhibited Meloidogyne incongnita and the egg hatching
of Meloidogyne incongnita. The nematocidal efficiency was 87.66% in vitro and the egg hatching inhibitory
efficiency was 92.26%. The results of structural identification showed that the nematocidal active substance
produced by Panebacillus polymyxa KM2501-1 was cyclo (Pro-Phe). The nematocidal efficiency of 800 mg/L
cyclo (Pro-Phe) was up to 84.75% after 96 hours exposure. Microscopic observations show that the intestinal tissue
of the Meloidogyne incongnita treated with the cyclo (Pro-Phe) was disordered compared with the control group.
[Conclusion] The cyclo (Pro-Phe) produced by Panebacillus polymyxa KM2501-1 is a new nematocidal substance
that may inhibit nematodes by destroying the nematode intestinal tract.
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