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HRK K BCM2, Z553X 13 BRAH T (1) J B R 26 AR |
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Table 1  Statistical results for fermentation broth of 13 endophytic bacterium causing death of B. xylophilus.
Corrected mortality/ % Symptom

Strains Source Treating time Dilution times of the dead

12 h 6 h 3h 3 5 nematodes
S75 persimmon 100 £0. 00a 100 £0. 00a 97 £3.00a 100 £0. 00a 63.4 £8.47a rigid
DP1 tomato 100 £0. 00a 96.9 £3.00a 21.2+£9.18¢cd 100 £0. 00a 69.1 £4.86a rigid
BCM2 strawberry 100 0. 00a 71.4 £0.41b 11.1 +£0.90def 98.5 +1.45a 57.1 £5.09a leakage
CCM7 strawberry 100 0. 00a 96.9 £2.41a 81.8 +4.58b 96.9 +0. 50abc 28.4 £5.93bed digest
XG32 cayenne pepper 100 £0. 00a 95.9 +2.67a 79.8 +4.38b 89.1 +£3.51cd 35.8 +4.24bc rigid
DLJ12 cayenne pepper 100 0. 00a 76.5 £1.57b 9.1 +2.50def 81.5 +7.53e 19.7 +6.40de leakage
DP24 tomato 100 +0. 00a 99.0 +1.00a 88.9 +1.82ab 97.3 +1.71ab 30.9 +11. 19bed  rigid
CCM3 strawberry 100 £0. 00a 43.9 £4.37cd 7.1 £3.12¢f 89.6 +2.84bed  22.2 +3.75cde leakage
YC1 cayenne pepper 99.4 £0. 56ab 52 +£5.94¢ 7.1 +7.38ef 79.7 £2.17e 10.5 £2. 67ef rigid
DLJ1 cayenne pepper 99.2 +0. 83ab 98 +2.00a 79.8 £5.11b 94.4 +3.87abc 56.5 +10.02a rigid
DP8 tomato 98.2 £ 1.78ab 31.6 £7.36d 2.0 £2.41f 85.5 +2.70de 41.1 +11.45b rigid
DP14 tomato 98.4 £ 1.05ab 46.9 £8.41¢ 19.2 £6.67cde  98.6 £1.42a 40.1 +2.98b rigid
DP12 tomato 97.1 +2.63b 41.8 £7.19cd 29.3 £2.22¢ 92.1 +5.22abe  21.0 £7.20de rigid
CK 1.57 £1.06¢ 2.0 £0.38e 1.0 £1.00f 1.48 £1.48f 0.00 +£0. 00f live

The lowercases letters represent the significance levels of difference at 5% .
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Micrographs of dead nematodes under the light microscope (10 x ). A: Polypide fragment of the dead nematodes that were digested; B

Dead nematodes were leaked; C: Rigid dead nematodes; D:Live nematodes is twisting in the shape of “S” in the water.
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Fig. 2 Effect of different shaking time on the antinematode

metabolite created by the four strains. (5 times dilution) .
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Fig.3  Effect of different nitrogen sources on the antinematode

metabolite created by the four strains. ( no dilution) .
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Fig. 4  Effect of the two different nitrogen sources on the
antinematode metabolite created by the four strains. (7 times

dilution) .
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2 d W o, H R AN e R UE R T AR R 4k L I
DP1 il CCM7 B A VE B 2005 R 40 R 77 AR R 4&
HY s H CCMT FI) Ve %3 AR Y 28 38 77 A= 1 )
AR RE S G PEA 2 # o 100% B e 7 5 R 4k
HAY R 40. 52% F1 84. 81% ;{H HAKIET- I 25 32 1H
CCM7 BEfE FI FH V& # 7=  BE 22 00 2 W3 #1090 Ik o
4 Rk O AR A0 TE AR IR B R R AR TR M R, BT LA
I AR R A A

2.2.4 ERAuAk: Ak gh B BT DP1 B R = R 4R
YRR EE RN NEARK 2.0%, FHE
2.5% ;B3G5 9% 55148 180 t/min,28°C 15 3% 72 h,
BCM2 Bi R e i B SR e M AR 2.0% , R A
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Fig.5 Effect of different carbon sources on the antinematode metabolite

created by the four strains. (5 times dilution).

SZS itk il B HRA S WEAK 1.5% , 4 WH
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CCM7 W MR e il R A - M E AR 2.0% , 4 R
2.5% ;B 38 i 52 4 AF 2 120 t/min, 28°C 15 3% 96 h.,
it BRI AL 4 BRI AR AN A TR L TE R 2R
HE Ml AT 3 F5 6 B 100% 1Y 4% 2 HORSCR 4
i B 7 A5 R BRI R A 1Ak B 100% 1) A 2k HURCR
AP T 4 AR5
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Table 2 Orthogonal test factor levels for

optimizing ferment conditions

B:beef C ; rotary D.
A ; peptone/
Level % extract/ speed/ temperature/
’ % (v/min) i
1.0 1.5 120 25
2 1.5 2.0 150 28
3 2.0 2.5 180

2.3 NAEFAERE&RFESYHRERENE
2.3.1 RERGENE. 2 AR ELHE, R CCMT
PR S A 3 A4 B R A I T i A% 2k BUROCR B A 3
KA B2 i 283 #ab B A BCM2 FiI CCM7 K 1%
b T AT R £ R 2 T8 T B i 4, R
BCM2 7 Az 1) fff 25 35 T 5508 Ak 14 490 o e A s AR 20
BRI RICLHRAIE N, R E LT TR L IR
B oy e il 2k HUk 2R B T T il 5 T COM7 R T 22
AL G RERBRTRET 1% - 12% , £V
CCM7 K i rp A7 7 B — S8l 42 1R B8 T 3031 il 69 )
JREANTIRS o JL , 400 28 A Sy 3k S AN T e il ) 40 o B
il 5 LT Tl A

2.3.2 PRUHASSE R T &5 R 3 W] 28 0 R ke
T pH EHM KRR L3 (R pH 8 7.8 ZE4) &
MAOCR B F TR, B2 2Rk R B E M,
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DP1 #l CCM7 % [ h B % 28 s ¥ Jof A T R Bl , R
76 pH EIEFE R 7.0 - 8.0 Z [0 45 5 & & M. 1
BCM2 & W ik b 09 9y 5t X R A5 AR % it 52 77, SZ5 %t

B A FH S 15 52 7, {EL 2 TR] A i R ik 1) K I R
POAE 4 BRAE W DN AR 20 TR R T8 L 0 A 2k OOR 1
A T A

R3 MEHEYNEAERABEGEXIHBRERKTEER (KBLERRRTE)

Table 3 Orthogonal test statistical results for optimizing ferment conditions of the four strains. (7 times dilution)

corrected mortality/ %

NO. A B C D

DP1 BCM2 SZ5 CCM7
1 1 1 1 1 64.15 £7.29d 88.44 +1.48hc 84.10 +3. 74bc 92.39 £2.52b
2 1 2 2 2 88.55 +7.19bc 91.99 +1.23abc 93.06 £1.98a 91.99 £1.38b
3 1 3 3 3 85.14 +2.96¢ 88.85 +6.98bc 85.19 +2.27abc 96.31 £2.77a
4 2 1 2 3 81.00 +1.41c¢ 85.12 +1.55¢ 79.35 £1.76¢ 91.61 £3.13b
5 2 2 3 1 95.93 £0. 74ab 97.62 +£1.01a 91.53 £3.77ab 96.75 £1. 15a
6 2 3 1 2 99.38 £0. 62a 93.45 +£2.82ab 91.67 £1. 66ab 100. 00 £0. 00a
7 3 1 3 2 98.79 £1.21a 96.54 +1.87ab 84.40 +0. 34be 97.65 £2.35a
8 3 2 1 3 98.39 £1.61a 92.29 +2.93abc 86.20 +7.94abc 99.28 +0.72a
9 3 3 2 1 100. 00 0. 00a 96.34 +1.60ab 91.33 £0.76ab 97.00 £2.00a
the order of effection A>B>D>C D>A>B>C B>D>C>A A>B>C>D
best conditions A3B3C3D2 A3B2C3D1 A2B2C2D2 A3B3C1D2

The lowercases letters represent the significance levels of difference at 5% .
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Fig.6 Heat stability of the antinematode metabolite created by the

four strains.
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Fig. 7 Acid and alkali stability of the antinematode metabolite created by

the four strains.
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Bt M KON R] A RO 0 AR K AL
PR L, S5 R P 5E e i AR B BT T GHAE #
2k HURE AT AE SO R KA R 2 R
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Fig.8  Storage stability of the antinematode metabolite created by

the four strains.
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R4 AREZHAFUHNIKEYNEATERNSENEXR

Table 4  Phylogenetic affiliations of the four isolates based on 16S rDNA gene sequence

Strain No. GenBank accession number Closest related type strains( Accession No. ) No. of bases Similarity/ %
DP1 HQO008364 Bacillus subtilis( AB201120) 1424 100
CCM7 HQ108184 Bacillus subtilis( EF563825) 1456 99
BCM2 HQ108182 Bacillus cereus( GU471752) 1464 99
Bacillus thuringiensis( AB363741) 99
S7Z5 HQ108183 Bacillus cereus( GU471752) 1474 98
Bacillus thuringiensis( AB363741) 98
SO 4 Bk HL S 2k s P R 0 N AR A0 T
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il 70 oA ROk R T ZF LA R R, — B2 Bio
YieldTM ( Gustafson LLC ) 7 — Fp & DL 4 51 Y
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Screening endophytic bacteria against plant-parasitic
nematodes

Shuang Peng, Shuzhen Yan® , Shuanglin Chen
Jiangsu Key Laboratory for Microbes and Functional Genomics, Jiangsu Provincial Engineering and Technology Research

Center for Microbiology Re, Collage of Life Science, Nanjing Normal University, Nanjing 210046, China

Abstract ;: [ Objective ] Plant-parasite nematode is one of the most important pathogens in plant. Our objective is to screen
endophytic bacteria against plant-parasitic nematodes from plant. [ Methods ] Endophytic bacteria were isolated and
screened by testing their metabolite against Bursaphelenchus xylophilus in vitro. Those strains inhibiting B. xylophilus were
selected to culture in liquid medium and fermentation conditions were optimized by orthogonal test. The stability of the
antinematode substances was evaluated by various. In addition, four strains were identified by 16SrDNA sequence
analysis. [ Results | In total 13 strains of endophytic bacteria secreting antinematode metabolite were isolated from 6
species of plant. The supernatant of the fermentation broth of these endophytic bacteria gave 100% mortality of nematodes
after treated as the follows:1ml each was mixed with 0. 2ml of the suspension of nematodes (2000 nematodes/ml) then
incubated at 25°C for 24 h, some of which could led to leakage or dissolution of nematodes. Among them, four strains,
BCM2 |SZ5 ,CCM7 and DP1, showed stronger activity than others. The supernatants diluted three times also gave not less
than 95% mortality after 24 h treatment, and those from DP1 and SZ5 even gave 100% mortality. The fermentation
conditions of the four strains were optimized and the antinematode activity grew up four times after optimization. The
antinematode substances of these strains were found stable when treated with protease or heating or stored at 4°C after 100
days, while instable when treated with acid or alkali. DP1 and CCM7 were identified to be Bacillus subtilis, while SZ5
and BCM2 to be Bacillus cereus. [ Conclusion ] Endophytic bacteria secreting antinematode metabolite were found in
economic crops. The metabolite of some strains showed strong and stable antinematode activity. Our results indicate the
real potential of biocontrol by endophytic bacteria.
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