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Mechanism of antagonistic bacteria Pseudomonas putida 1A00316 from the
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PAbstract] Meloidogyne incongnita causes serious damage to crops. Nowadays, attention has been paid to the side effects of
chemical insecticides control. It is important to isolate the antagonistic microbe against root knot nemtaode from microbial
resources. In this study 1 432 marine and polar isolates were screened against nematode to identify 9 strains with high
nematocidal activity to study its biocontrol effect on nematode by pot experiments. Among them the strain 1A00316 isolated
from the South Pole showed good inhibition on M. incongnita in vitro and in pot experiment, with biocontrol efficiency on
nematodes as 71.67%. The experiment of induced systemic resistance (ISR) was conducted to study the possible mechanisms
of 1A00316 against M. incongnita by determining the enzymes. Strain identification showed the strain 1A00316 belonged
to Pseudomonas putida. The ISR mediated by strain 1A00316 in tomato clearly showed an improvement of activity of three
defense enzymes: phenylalnineammonialyase (PAL), polyphenol oxidase (PPO) and peroxidase (POD) in tomato plants.
The result indicated strain 1A00316 itself could induce systematic resistance to tomato and enhance their resistance against
nematode. This research showed that P. putida strain 1A00316 has good resistance to M. incongnita, of both direct and induced
systemic resistance, therefore can be used as microbial agents.

Eegrmandls Meloidogyne incongnita; Pseudomonas putida; biological control; induced systemic resistance
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1.2 FARELS

T RS 4 U R Al R 2 ZE AT Mg e 4 AL
1.3 $ZHHE

2216E: S k#1945 g, FEAIR10 g, BERLRYS g AR RRH
1 g, ZREN1 g, FALEE0.T75 g, BRIREE0.75 g, AALH0.55 g, #7
BERREN0.5 g iHIREL0.2 g, BRFREEN0.16 g, IR ER0.1 g, 1R
1L#10.08 g, A LEE34 me, MIfR22 mg., FMREE10 me, BERE —
48 mg, FEMRHN4 mg, FILHN2.4 mg. EILEL0.5 mg. BilRHT0.5
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AEBRER K G UEBRTA ) S mLIE A5 A 200 mLE i3 L Al 55
SR 2 A .

BRI SR 3 . B EIRS g0 B 100-150 , JNZEiK &
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TE ST A AR R £ 4 S A AR B R UK NIRRT
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min, 16 h) ; B 1% 7 2 = M B0 8% 27 6 &L 56
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75 FH 5 WORR 25 2%t 01 e FH 2% U0 SR IR 40 2% T 9 75 )5 TG K
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(21 0005%), X HEHE A S mLZ&IB/K. HR AL PIIE3R T L.
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P, 5 R R BUAY T ih M S LT R AL BEICK. MR 25 15 505 R

204 JEAENAE 1047

NegronFl Acostafit] J5 ¥ 143 0-5%% .

0% : TEARLE S IR ; 19 1-2AR 45 s I B /4% ; 24 .
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DNAN MR, LA27 F, 1492 R [P 4 FE K A B, 3R15 T— 4%
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FE DR BER/INAHAT. F09Z 7= W VIR Il s sl , alifb i R
DU K D745 21 A TA00316A 16S TRNAAYFE KA F 51 (1 155
bp) 7E NCBIEL % 22 147 H X, 356 B H 7 3 8 B R = 98%
HIFR AT TR R G R B
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W) A IR, B A3 E S, 4 TR AT d. 14 d,
21d, 28d, 35 A3l 45 Ak B A4 Al HE AT
172 BRfEIREHIE  MEFIAREU g AR REEM, AT
M &R, M ACLS mL 0.1 mol/L pH 8.8 2 vk ik (IN&1
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) B #90.2 g A, VKPR LA, FEA B LT
1.5 mL R 28 wh B b Ve o S i , 5 55 A 0710 000 1
min, 4 CE0L20 min, 7 R A B AL 0 14 R i
AVKE =20 CHURIAAE.
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A 1 T AR LASOhR T 2R 5 SRS RIS FE S HR G 0.1 mL, i
5 mL%E S5 i G-250 8 1A, F/MR AT iCE 2 min), 7F
595 nmE KT HGE I 5 iSRG (E , I i Ar i i 2 A AR
HEEMPEARN S & HITEAR .
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2.0 mL 0.1mol/L pH 8.8/ i i 2% mf il (A% Fi 2k 2. B ) F11.0
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Y18 (3.0 mL 0.1mol/L pH 8.8 AYHIR 2% e A10.5 mLF Bl
W) 5 XA AE, 75290 nmAb M HEAHL (D)) 5 1E40 CAKRIEH
J %15 minfiF 37 B2 Lk KR, 76290 nmAb I E(E2 (D,)
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1.7.5 ZEREES (PPO) BHENE  H200 pLAHI 0.1
mol/ L 2 2% vh s g 245 J5 BLS0 pLpin AR 48 1Y 52.95
mL 0.05 mol/L pH 6.8%70.02 mol/L4B 4 — T 1 B iR 28 vh il R
By LA IR o e A AR SR B i Ry 25 (6B 30 °C
A HIZ N2 min)F, 257398 nmAbyEEEEEE, LIAE44PODIHE
0.0 — BTG B, BERR A TR 3 UG HO AR

A D3ognm X FiREAGE x V

t X FTINEE T8 x AR S R A&
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1.7.6 SEMLES (POD) BEEME  HE5H200 LA W H
0.2 mol /LAl 1% 2% i ¥ 4 B 2435 S B S0 pLim Ak & s 53.0
mLO0.1 mol/L pH 5.8 18 mmol/LAL S A B At B 5 44 28 i i TR
5], 4830 CoKIE A5 ming fIAS0 pL 2.5% (V/V) i 464k &
VST, TRA), ARIRIER Y, FH AR B R i A Al 2s
PR8ISR, 76470 nmALIIEEE A IC RD 0 am» 530 sl
1R, W5 min, DA% B ODAE AR 10,1k — AN G 507, B &
FEIW. HFA AR M.

POD/U gt =

PAL/U g1 =

PPO/Ug™ =

A Dy7onm XV
t x FrMEER =8 x = HRE S RO
AD 430 wm: 5 I} B D g (B 25 O minfst (D 70 o, VN LN
WARF (mL) , £ B EE] (min) .

2.1 MEHREZ RAVHE B FIELER

T o 28 S AR S B L TR LA R R 1
PR (1), Hirgetkr s HRiA5180%L L, If-H X S ik m
TRHNEE (Pseudomonas) . AU #R 2 FH R & e IR AL
P, VA LE TR R SIS LR A B A SRR, B2
A Fp AT Rt — Y. 6RRB AT 4k SR BB B (P
aeruginosa) , &R LG AN FH, BERE AR Ag— IR A i)
PARR1IA003163 A TR AR ST, B ILAESERRA: B A EFIRCR.
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Table 3 Changes of PAL activity in tomato roots with different treatments

R HAARELHNEFARREER

Table 1 Screening of marine bacterium against Meloidogyne incongnita

[EE s L) SRR IEFE T3 (/%)
Strain number Genus Mean corrected mortality
1A00316 Pseudomonas sp. 86.58 +4.21
1A00318 Pseudomonas sp. 58.8+3.17
1A00364 P. aeruginosa 55.03+2.03
1A01321 P. aeruginosa 80.95 +0.81
1A04311 P. aeruginosa 90.00 + 1.11
1A05429 P. aeruginosa 98.00 + 3.51
1A06830 P. plecoglossicida 83.72+£2.08
1A06832 P. otitidis 87.50 + 7.22
1A06898 P. plecoglossicida 63.64 +2.31

2.2 BERKIA003IGHIR SRS R soih R
20 BB 1A003 16 1 7 4R 45 4 oh 10 -4 24 i SR

HT1.67%, 55 A YT AL 3T AE AR R LU AR 25 00 B 20, U

W22 136 % 5 L RS ) B ML O R

R2 MEARELREHTHRER
Table 2 Pot experiment of control effect of strain 1A00316 against
Meloidogyne incongnita

ENGEGE: MR 45 F8 5L HE BRI (r/ %)
Treatment Root knot index Biocontrol effect
1A00316% % i 4 #
Fermentation broth of 1A00316 RISy ML= 00
% #& Control 4.67£0.57

23 HMHERE

LI1A00316 1 Bk I DNAKH AR Al , LA27 F, 1492 RE| ¥t 1T
PCRY 1, K15 T— SR /N K15 Kb/E 47 (0 S | 4 B
5E# Y B 16S IRNA R BER/IMASE. $1% 7= 9 Y1 iE B 5
glifl, gl fb AR I B DU 345 2 1 1A003161 16S rRNALK
FLEBIFES (1155 bp) £ NCBISUHE B #E4T H 6, 9 S 3
JFHE ST =8%MIH A mHREERELETW (K. HR
S5 45 M TT 0, 5 B Rk TA003 165 5 1 55 3T 174 T8 Ak A2 3 B
P CNE 18 ( P. putida strain CNE 18) , b F [/ — 4032
ZE b, 45416S IRNAKE [H 4 F 45 5 I FLAn i ig A B AR (b 96 78
ZhE S FARTT LUK 2 1A00316/8 T 3% RAB S B (P. putida) ,
TP Y B M, BB K A SR DRSS B0 B
U4, B3l B AR IR B R25-28 °C, B ik IR SR k.
2.4 HHRIA00316IFSEM AR SIS ER
241 FNEMMAMEITAL  PALKITE ARk 40 %307

AR AR ARG PAL activity (/U g')

Time (#/d) M F M316 1A00316 1A00316S
7 3.46+0.14B 43.30 +0.85D 5.84+0.72C 1.06 = 0.25A 4.06+1.36B
14 4.00+0.27B 2.59 £ 0.23AB 1.90 +£ 0.37A 16.76 + 1.3C 3.81 £0.28B
21 0.89 + 0.07A 0.89 £ 0.07A 8.56 £ 0.88C 3.52+0.31B 418+ 1.29B
28 3.66 + 0.49AB 2.72 +0.06B 2.34 £0.24A 4.65 +0.13C 436 +0.34C
35 3.95+0.51A 3.65 £0.38A 5.45+0.87B 6.02 £ 0.23B 3.85+0.78A

Fes BRI 100 A TR AR R e 7R 25 Ak B ) AN B W 3 PR 2 5, SRR R e A Ak S ) B W 35 22 5. R I SPSS18.03 17 DuncanZ # L 343
B g Bis 0925 5 WA M, B EKT-40.05. M: RAERNAR 252k i 09 A bk ; M316: JEAh e 77 AR 45 48 du L) B A= 7 147 1A003167% ik W 1) 25 ik AEL A% 5 F:
FAR Y MR 28 2k i MR B2 R 1A003161 5 MMk 5 1A00316: FUgE 24 b7 4 1A00316:4 B i A9 75 i bk s 1A00316S: H 32 M 1A30016 1 74 ¥ i 25 i M Ak
Uppercase letters indicate significant difference at the level of P < 0.05 (Duncan’s multiple range test). M: tomatoes inoculated with Meloidogyne incongnita,
F: tomatoes without any treatment; M316: tomatoes treated with 1A00316 fermentation broth and Meloidogyne incongnita; 1A00316: tomatoes treated with
1A00316 fermentation broth; 1A00316S: tomatoes treated with 1A00316 liquid supernatant of fermentation broth.
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Je 2521 34 BN, [RIRS 38 7] LA Hh M3 1640 (1) PALRE
PSS K, FESE TR SE2LR MIBSK BB 138 B & = T
M. 1A003164H [ PALYE MEFE S5 14K 15 B (. Horp, 5514K
i, TAO03164H ¥ ¥ filF 1% *416.76 U/g, M4 44.00 U/g, F4H N
2.74 Ulg, 1A003162H JyML 114.194%, HFLH 164745 ; H21K
A, M3162H (W B IE 48.56 Ulg, M4 FIF440.89 Ulg, M4
FIFAL099.7248%, 38 13 % R AT & L 1A0031641 1Y PALYE 14 ¢
H514. 21, 28, 35K A4 & (H 2 L MZHFIFZH 5, T1A00316S
41 HJRTE 21 28 R PALYE M 1 25 & TMALRIFAL, 1368
1A00316% B# AN L35 4 — & B LA IR S B M PAL™ A=
HIFEH.

242 SEYSHESESETL  1A003164H PPOIY GG IR T 4514 K
CFMAFFH (F£4) , HAH RS EGE Y 2 5 FMARMF
ZH. 1A003162H FIM31641 (1) PPOI 4 [ 75 A [B] A% 384 fin v Sk 2
. AR, SMAM L, M3164 BT B35 8 T M4,
M 4535k M3164H B3 & TMEZ, =M IY2.51%; 1A00316S4]
PR B 6 5757 20K U TR 0 v e T 22 S, A ]
F1A00316S41 i & LE MAL{IK. FBH1A00316K B A 175 T =
PPOIE M BIVEH, 1 1A00316STA 175 - 12 = PPOTE P A4 1 1.
243 BEAUEEEET L 1A003162H PODFY i : i &
HECTMZAFFA (355) . 535K 1A0031641 PODIY I P Lt M4H
114, LU FZH i 7A%. M3 164 10 B I 22 B0 i B 8 10 e sh
HrP e 514K B3 & FMAL, SR 35K M TMA, s
TRIE28FK VAR M. 1A00316S2H 1 32 30 11— 1Y 0% 3h
P, #14X POD By ME 35 & TMAL, E21R 135K 5 ML
AHRE S, EETRIE28K G F M TMYL. SLhh 25 R %

g
-
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—
] L

‘ ﬁ
9
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Fig. 1 Phylogenetic tree of strain 1A00316.
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W], 51A00316 13 WAA LG, 1A00316 8% i 175 §: POD 1k B 35
(X 3T E

25 I, 1A00316k Bl S LR B LIRS Y R RS
PitE A C 1Y 3R PAL . PPOFIPODIFERI AR, 1A00316% i
WAERER I35 AN, XL E 30l 4 06 M AT B S A2 A A,
1A00316 1 75 T B T X PALY i PE 48 7 A —E /B, XFPPORI
PODEFARHIE. MRAELL 455, 2 1A003 16 1K B A 155
e R 2 R T AR .

© EBERWS

AU 5T LA TR 36 IR 2 40 TR O SR TR AR L AR T AR 25 4R
B SR AR , 1 OMR B AT PR 45 4R s AR SR 0 IR A R
o — A FEPUIE AR R AR 1A00316, I & % 134
VRN 28 G 35 UG T R 86.58%, 1L F 4k #% S B0 B s B
X B 7 AR 45 2R BB B IR SR IR 71.67 %, 15 I H: 78 6 1R A Ak
ERE A RO B R AR . BATHRE PR AR 2
2 B PR M B A OGP (P. fluorescens) | BB
BEAME" . T2 RN E (P. mendocina) ™, MiFE K
WLE (P. oryzihabitans) "5 AR R 40 B, 3% 46 (5 50 B T 46
WAL E B R BRFNR Y . FEF RGN, S4®
I ) 55 G 78 R A A U AR 40 B R A B R AL E 2 3K
P, R & BB S E CHAO™ A 1Y 1 PE Y 51 2,4-DAPG
(2,4-diacetylphloroglucinol, DAPG) FEA B A AEH, X
AT LS SRR P AR RGP NS 6 55 0T, A2
B E N, XK TS T Y A B R N, RN
RS B O A0 5 AR R RN, XU R AR R O R 3R
IR ERARAL, (HJ2 252 2SR IR E B AT, AR 3Rk, 3 m

Pseudomonas putida strain 1562

Serratia marcescens strain SB479
Pseudomonas putida strain 1561
Pseudomonas sp. PCSAS2-22

Pseudomonas sp. 16S-32

Pseudomonas putida strain J312
Pseudomonas sp. SaCRH17

Pseudomonas mosselii strain MM2-7
Pseudomonas sp. PALXIL12

Pseudomonas mosselii strain CCC77
Pseudomonas sp. PALXIL09

Pseudomonas sp. C239

Pseudomonas sp. KN4

Pseudomonas putida strain LW

Pseudomonas sp. AP3

Pseudomonas putida strain SKG-1
Pseudomonas mosselii strain CIP 105259
Pseudomonas sp. SIT25

Endosymbiont of Nilaparvata lugens clone 144
Pseudomonas plecoglossicida strain B2
Pseudomonas putida strain L1-5
Pseudomonas putida strain 1579
Pseudomonas putida NBRC 102092
Uncultured pseudomonas sp. clone A0502C05
Uncultured pseudomonas sp. clone AO70106A07
1A00316

Pseudomonas putida CNE 18
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Table 4 Changes of PPO activity in tomato roots with different treatments

A IR ] ZHYEWEENGS PPO activity (/U g)

Time (#/d) M F M316 1A00316 1A00316S
7 0.32 + 0.04A 0.43 £0.02A 0.49 + 0.01A 296 +0.17B 0.36 = 0.04A
14 1157.32 £ 20.21D 565.29 +22.26C 271.58 +£23.24B 195.91 +33.33A 180.50 + 18.23A
21 716.74 + 49.48B 419.37 + 33.70A 679.05 £ 21.67B 2966.27 +197.94C 748.92 + 122.21B
28 1319.30 + 66.15B 697.11 £ 76.24A 1285.65 +24.76B 4306.98 £ 256.2C 596.31 £ 47.61A
35 734.92 + 40.53A 1962.98 + 68.7C 1869.36 + 143.43B 7924.34 + 310.2D 645.67 + 327.25B

BHTHME G T FRAR R RS S A A B B 225, FRARRRR SO 0 B A B35 % 5. FIFISPSSI8.03E 17 Duncanss & L% 434 9256 B Y 2
SEREME, BEKTRN0.05. M: REEFMRELLE M AfEE: M316: HeRlEg 7 iR 452k d LUK AE BT 11 AO03 16K I IR B At ks F: AAZYUAR 25 2% dURIA Bl
1A00316[1)FE M 1A00316: RAZEFIA BT 1A00316 % BA R K AnAE A 1A00316S: KR A30016_F353 1) F5 HrE k.

Uppercase letters indicate significant difference at the level of P <0.05 (Duncan’s multiple range test). M: tomatoes inoculated with Meloidogyne incongnita;

F: tomatoes without any treatment; M316: tomatoes treated with 1A00316 fermentation broth and Meloidogyne incongnita;1A00316: tomatoes treated with
1A00316 fermentation broth; 1A00316S: tomatoes treated with 1A00316 liquid supernatant of fermentation broth.

RS BAEEFHRFL AUNBHBFENTL

Table 5 Changes of POD activity on tomato roots with different treatments

Ab PR [A] s AL M B ARG POD activity (WU g7)

Time (¢/d) M F M3l16 1A00316 1A00316S
7 20.69 = 1.07B 9.21 £ 0.5A 19.22 £ 0.77B 105.18 £2.14C 13.65 + 01.74A
14 9781.98 £ 310.1A 12099.17 + 152.97B 15360.22 +264.17C 16861.05 +449.2D 13808.69 +224.94C
21 30106.95 + 829.50A 27727.97 + 2345.13B 30294.65 + 1036.83A 51464 + 1168.59B 37452 + 604.82A
28 6538.42 +73.44C 4749.39 + 309.87B 3772.91 £292.6A 7736.3 +179.37D 3174.667 + 447.48A
35 9777.8 £ 109.74A 15413.29 + 714.02A 14333.02 + 789.9A 107604 + 8073.1B 10722.24 + 1133.2A
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Uppercase letters indicate significant difference at the level of P < 0.05 (Duncan’s multiple range test). M: tomatoes inoculated with Meloidogyne incongnita;

F: tomatoes without any treatment; M316: tomatoes treated with 1A00316 fermentation broth and Meloidogyne incongnita; 1A00316: tomatoes treated with
1A00316 fermentation broth; 1A00316S: tomatoes treated with 1A00316 liquid supernatant of fermentation broth.
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