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Fig. 1 Result of antibacterial experiment.

R1 EHE YPP-9 X1 FE A B R H B A BUR A0 X 2 A0 A Ak A K B R I A 5%
Table 1  The control efficiency and the growth efficiency to tomato bacterial wilt of stain YPP-9

Treatment Disease incidence/% Control efficiency/ % Height/cm Dry weight/g Wet weight/g
YPP-9 33.3a 63.7 a 18.88 a 0.38ab 2.59%a
YPG-5 41.7b 54.5b 17. 84a 0.34abc 0.36ab
YPP-19 66.7c 27.2¢ 17.35a 0.32be 1.79be
PM-28 75d 18.2d 16.15a 0.24cd 1.75bc
Negative Control 91.7e Oe 11.31b 0.17d 1.18¢

Note: Means of the different letter are significantly different at DMRT 0. 05

2.2 YPP9 HHRFETIEHRWEHERE S

DGGE &7 B8 L0 Y S5 B H A [] 2 75t A s 1 198
YIEE 16S tDNA 1) Z RV, B a] 78 4 F 7K F b s e
AN T AR s = HE 200 TR P AE 45 4 A

1£ DGGE F8 8 1% v, AN [ 0 B 1) 25k AR R AN
[F) ) £ BRI S T, 2 B TS e 4 S ) 00 B I A AR X i 1)
2/ FEE K — R A A P B AN
BEAbHT YPP-O B ik i) A 598 0 4l 1% 5% A1 AR (W) st gk
17 DGGE Hyk , [Rl AR oAt 3 B R AR 2 20 b9 53
BRI TR TR B 3/E AT DGGE FLpk (E12) o M
2 Al I, A0 PR 4 HERE S rh AR B 2R EE Y
ZREME RSB RBE AN AR UKIE 5 FIVKIE 6 &R
¥k YPG-5 . YPP-9 [{) DGGE [&l3i% , HoAe fT X 1o (1) b P
T (PkiE 4 FIYKIE 2) WL IEIEA, MAETE K
X B 3R o X URBSR AR 2R 0 i e
TR PR 28 21 /Y 7R Ak YPP-5 1 YPP-9 Jjifii F %1 4- 1%
Jo BETE 3 O Ay, IR — TR AR P
FEFHAE ST . AR B, B BE PM-28 AbPE 445, DGGE
PRI f) 235 B W R T ik PM-28 (1K 8) 16 %ot I B 7
AL TR ORAE & A A A, X A PM-28 AR B
EFERE S ARG . AN, TKGE 7 BTN A YPP-19 T HE
TEY B s Y 7, T PSS iR PR E B
FIAR RS RESL
2.3 HE¥k YPP-9 WIS ANEE FR4S1E

PR YPP-O 74 [ 8557 24 h J5 & 2 0%

2 DGGE 747 4 tR&EMEE T E PR EERE

Fig. 2 Colonized ability in soil of 4 strains by DGGE. Lane 1,
tomato soil samples treated by strain PM-28; lane 2, tomato soil
samples treated by strain YPP-9; lane 3, tomato soil samples treated
by strain YPP-19; lane 4, tomato soil samples treated by strain YPG-
5; lane 5, Strain YPG-5; lanes 6, Strain YPP-9; lane 7, Strain
YPP-19; lane 8, Strain PM-28; lane 9, tomato soil samples treated

by water; lane 10, tomato soil samples treated by mixed strains.

Mg, I A RLIE | SR eI A B, G #
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et g B , B VA 139 67 30 s e o 6 R B S I
AR, IR/ R (1.8 =4.1) um % (0.9 =1.1) um
(FEI3-B) MR, A P S MR 75
41 P T R R AR 0 %
2.4 IR UASE

Kk YPP-9 REFE 20°C —45°C (i N A=K, HE
Bl KR 30°C, HiA K pH i pH 5.5 -
8.5, fif2E K pH 2 6.0, % A EL, 4 NaCl ¥
FERT 2% B, A KB . %R G + C mol%
SR 41.9% . BIOLOG 41 [ 3 % 5 R G175
SE R B AR YPPO 8 T 2 HUFF 188, E 75 5K
Yo P LA VU IR S S 55 R S oA
B Bacillus Megaterium 52l ¥4 Similarity ( SIM) &
0. 002, {v/ i Distance (DIS) & 30.32,

Btk YPP-O B W 6 o P M 5 /B
e BEAKARTE RS s WM R V-P SRR 4 AR
FPEEmER 75 LB RO ACDRE 7 55 2, R A A D-7 4
W LFYE R A AR TR A D-H R R
B3GR YPPY ROSE2REERA (1000) (AVFR ppemy goiokif KR4, ONPG R B4k
BEBRMS (10000x) (B) Bibk YPP-O 15 IR M 15 10 2 760 141 A O 18
Fig. 3 Optical micrograph(1000 x ) (A) and electron micrograph .

{9 A LA A P ) e WL 2.

(10000 x ) (B) of strain YPP-9
K2 HAIFE YPP-9 B4 1B 4 4S(E
Table 3 The physiological and biochemical characteristics of YPP-9

Characteristics YPP-9 1 2 3 4 5 6
Hydrogen peroxide enzyme + + + + + +
Growth at 50°C - + + + _ _
Anaerobic growth - + + + + + -

Hydrolysis of ;

Casein - + _ _ + _
Gelatin - v + — + + +
Storage inclusions + - + + v - -
ONPG + - - - - - _
Urease - + + v + + _
Nitrate reduction to N, - + + v + + _

Acid production from:

D-Glucose - + + w + + +
D-Melibiose - - v + _ _ v
L-Fucose - - v + - - _
D-Cellobiose - v + - - - _
Lactose - - + + — _ v
D-Mannitol - v + - + _ +
Raffinose - - + v - _ v
Ribose - v w v w w v
Starch + - v v + + _
Sucrose - - v v + v +
G + C content(mol% ) 41.9 40.0-40-5 39.6-40.1 39.3-39.4 39.8-40.3 40.1-40.4 40.7

Species are listed as ; 1, B. novalis sp. nov. (Jeroen et al ,2004) ; 2, B. bataviensis sp. nov. (Jeroen et al,2004) ; 3, B. drentensis sp. nov. (Jeroen
et al,2004) ; 4, B. vireti sp. nov. (Jeroen et al,2004); 5, B. soli sp. nov. (Jeroen et al,2004) ; 6. B fumarioli sp. nov. (Logan et al,2000) + ,
>85% positive; 2, <15% positive or weakly positive; V, results vary between strains; W, always weak; ND, Not determined

K] InforBIOVS. 26 HFX) 55 YPP-O AHMIMER: AR MRUEA TR AR AL R AE ) R SE M A, 25 51 4
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Pl 4 fr7s, YPP-9 B 3Rl — 52, S B A DL B AR I
ARM—K.

YPP-9

B.novalis

B.vireti

B.soli

B.bataviensis

B.drentensis

IB fumarioli

T T T T T T ]
-58. 1.0

4 HEHRYPPI ABENWHRELEH
Fig. 4 Phylogenetic tree including type strains of YPP-9 based on

physiological and biochemical characteristics

2.5 HBHRERAN K HMPaEERE AR T

PA R YPP-O i) FH L ZR R 3= B2 AU Sl MK-7 , 4 Jifd
BENG AR FEEFh ISR C Y, 150, Cys, ¢ iso Fl Cyq, iso
DK Cig . 1o.alcohol , & 8435120 28.27% ,19. 59%
12.93% 1 10. 88% ., 14 Hk YPP-9 71 [l 6 1 725 10 4
TR Y FEERR TR ZH L L35 3
2.6 1L16S rDNA FI|RFEHAEMPORELEL S
=)

Etk YPPO 7E GenBank [ J% ¥ % % 5 N
FJ231500, % A BLAST $ B &k YPP9 K 1433 bp [
16S rRNA K731 5 GenBank it £ %5 5% 1Y 2L X P
GIHEAT LU X, 45 R B 5 Ak YPPO i) 16S rDNA
B 4 B i B9S2 Bacillus djibelorensis, [7] J§ 14 N
98. 1% [HiZ M A ZA R R W, 78 Jean Euzeby’s
BA R 2 ot i 51 3 B A B (hip: //www.
bacterio. cict. fr/s/strepto-mycesa. html) , 5 Zf ffi ¥
B8 0 A 2 B MR Bacillus bataviensis'> Fl Bacillus
drentensis , FL[B) YR M8 97. 9% . R IE ¥k YPP9
[ 168 rDNA J7 41 5 ZE AT 8 19 24 B FP AR
FIAR Y 16S tDNA JE ST REEHALRE(ES) , 45
AU TS AR RGN S Bacillus fumarioli™™
(AIS81126. 1) R —2K, SLFFHE 97. 7%, i XA [F)
T HA B RIE UM ST 3 3

x3 FRAFEARMABEHERER (%)

Table 3 The physiological and biochemical characteristics of YPP-9

Fatty acid YPP-9 B. novalis B. wireti B. soli B. bataviensis B. drentensis B. fumarioli
iso-Cyy . 28.27 5.3 3.1 3.3 6.9 8.7

Cu.o 1.70 3.0 1.6 <1.0 1.5 1.4

is0-Cy5 19.59 43.9 47.1 42.9 36.9 32.2 51.3
anteiso-s . 3.53 31.0 33.6 33.5 20.5 21.8 6.3
C6 , 147.alcohol 10. 88 1.7 <10 2.4 2.3 3.1

is0-Ciq o 12.93 2.7 2.5 1.4 2.4 2.1 5.9
Cis ., toi1e 4.88 3.2 1.5 3.2 11.3 13.2

Cl16 : 0 4.28 4.8 3.8 1.6 7.7 3.4

150-C7 g0 2.41 <1.0 <1.0 4.1 L7 4.5 1.9
iso-Cy; 1.39 <1.0 2.0 2.6 <10 2.6 15.7
anteiso-C,; <1.0 1.9 2.7 1.5 1.1 1.1 14.0
Cis | 19 2.92 <1.0 <1.0 <1.0 1.3 1.8

Cy.o 1.98 <1.0 <1.0 <1.0 2.7 1.3

3t

P Bl i T i 7 et 2 77 B 15 1 EAR R
o L A K T A 97 39 VP 1 0 S A B T —
ANELBRAR, I e 2 D A Bl R T R
Jio WKk YPP-O JE— bk i 41 i B T B i
AR B 26 21 B B34 400 TR R, AR B S0 S 122 T AR 2
R EAT RAF B URCR , 78 T AR PR LA
R EFARE ST, BUR TR BR YPP-O 16 3 7 7 i 1Y By
if K AT R

FRAEAE B B A EOR FEBURe Ik, i H R AR
6 798, RETE 2 FAEARAR RN - b i . H FT XS
T A= B B AR 2 B e 1 WF 5T, [ 9 AMSCT AR Y
HFSE AL AR B 0 Ak 26 ) 1) s B A I 3 — e A R
RYTAERPERFRIC, SR EEHFRiC, DNA 1 RNA
REF LA B g 7Y o YRR SRR T
RIRTHE F ek e 5z 2, BE AR S T 2.
Jaleed B ZE T4 7 R YU AR BRRICHE BT
AT, TR i vk SR A i L AL ) AR B 1) 5 B i
J1o B[R4 B rh BA MR A R Pk m & ™
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59

51

55 58

57

98 | Bacillus djibelorensis RS7 (AF519467.1)
Bacillus bataviensis LMG 21833 (AJ542508.1)
Bacillus drentensis LMG 218317 (AJ542506.1)
Bacillus soli LMG 21838" (AJ542513.1)
Bacillus vireti LMG 21834" (AJ542509.1)
Bacillus novalis (AJ542512.1)

Bacillus niacini DSM 2923" (AB021194.1)
Bacillus fumarioli LMG 17489 (AJ250056.1)

YPP-9 (AJ581126.1)

Bacillus asahii JCM 121127 (AB109209.1)
Bacillus cohnii ATCC 51227" (X76437.1)

Bacillus halmapalus ATCC 7001657 (X76447.1)

98 T
58 L Bacillus horikoshii DSM 8719" (AB043865.1)

C Bacillus jeotgali JCM 1088" (AF221061.1)
Bacillus herbersteinensis DSM 165347 (AJ781029.2)

Bacillus Methanolicus ATCC 51375 (X64465.1)

Bacillus humi LMG 22167" (AJ627210.1)

Bacillus subtilis DSM10" (AJ276351.1)

Bacillus lentus ATCC 10840" (AB021189.1)

glusﬁrmus ATCC 14575" (D16268.1)

Bacillus benzeovorans NCIMB 12555 (X60611.1)

E’_EBaciﬂus circulans ATCC 24" (AY043084.1)
92

Bacillus nealsonii DSM 15077" (AF234863.1)

Bacillus badius ATCC 14574 (X77790.1)

Paenibacillus polymyxa IAM 134197 (D16276.1)

B 5 @E#k YPP9 16S rDNA FIIMNESZ LB H

Fig. 5

T TG AR R T AR B 4
W) U R AR 2 0B 35, SRR IC B AR A 5
5% SRR, Wilson 254877 T FIR 45 5L 4 p-2R 7L
i (lacZ) SRS KA AR R B , 17 B-#idg
TR Gus A FRIC 2R 5 FKS: I 5% S0 1RT (e 0L FH 2 g4k 2%
Pkl GusA, JZ N 77 ) 23 18 i 2 35 57 5 LR
B, 34080 M6 75 X 400 T 1 E L S SRS . LuxAB
PRICE et IR T4t /0N 1 22 190, [ P 2 O g ik [
luxAB ARICHEE M B0 3 A R 28 B AT ) e i
S HAFE R B SRR 4008 (H & Z 2R T +
AP DR 2 B R A B (0 R S 1 ) 24
1M EL Luxc AB AR 7 A 015 5 55, e ARGy ]
A RICHIMTE . gfp FRC R GRS, B9k
T P T M A B AR AR T AR
BL U AT, AT SR AETE 36 ORI K S A AG I GEP

LA GFP AR Ot B A AR L Pk i 45— &=

Phylogenetic tree including type strains of YPP-9 based on 16S rDNA sequence.

FI I o AR A DGGE 1 J7 1k 3 st ¥
o ) DL P 0 B e HE TR AR A I TR AR LR
&L, EDUIT ELINH R, B — o i Rs

PR YPPO FE R A TE 2 A 32 AR PE ML
ArZRERAER 16S tDNA A5 19 5 B, drentensis
1 B. bataviensis SR EA WA . 54020 i
W3R A 2 PRBAPE 2 kg oA BE M S RE A FH LA A
Wi, (HRCHRIETR Z 2 A WA e A2 IR K Tl
MR XA T, 5 HAW Y [R] 5 = 0 2 FAT I
AR 2R, YPP-O HIELZRE 3= SR MK-7,
55 A ZE AT TR (R 0 2 — B, 20 fLRE g
TR FEEFIZEIE Cy, 150,C 5, ¢ is0 Fl Cig, 4 is0 LI K
Cis , 17.alcohol , ANTIFIIE 7 1R 5 0 F1ARLFI IR 17 192 1Y
O i 5 A U [R5 o A5 B A P I R IS AL T
FETE—E M 255 o X AT RE 55 20T A% g 17 R 2 RN 2
O G AR AR ARG R B Tl 2R A G YPPO
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(1) 16S rDNA [a] Jii Pk 5 2F 61 AT 7 & 19 #85¢ 2X 5 bk
Bacillus bataviensis 1 Bacillus drentensis 3 5 97% |,
H AT UL Bk YPPO 14 )& 5 Bacillus sp. , N5 58
KH HAL T, BARTE R YPP-9 () 16S tDNA 751
Y5 Bacillus bataviensis 1 Bacillus drentensis [8) 5 M
5L BB XY Bacillus fumarioli ( AJ581126.1) B
B2, SCHFIE 96% |, 1M1 AN [] - JHAth T AR JE B ikt
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Identification, colonization and disease prevention
capacity of an antagonistic bacterium against Ralstonia
Solanacearum

Zhikun Li, Honghui Zhu”

( Guangdong Institute of Microbiology, Guangzhou Provincial Key Laboratory of Microbial Culture Collection and
Application, Guangzhou Provincial Open Laboratory of Microbial New Application Technique, Guangzhou 510070, China)

Abstract: [ Objective ] To isolate a bacterial strain YPP-9, dominantly colonizing the rhizosphere of tomato using root
exudate medium. In this study, we investigated the antagnism and disease-controling effect against Ralstonia
solanacearum , evaluated the ability to colonize the rhizosphere of tomato, and further analyzed the phylogeny of YPP-9.
[ Methods ] To evaluate the antagnism against R. solanacearum and the biocontrol on tomato bacterial wilt by YPP-9
respectively employing plate culture method and pot experiment in green house. We analyzed the rhizosphere colonization
of YPP-9 by PCR-denaturing gradient gel electrophoresis, and also identified the taxonomic position of YPP-9 using
morphological and chemotaxonomic characteristics together with 16S rRNA gene phylogenetic analysis. [ Results] YPP-9
suppressed the growth of R. solanacearum (strains SSF-4) in vitro with the inhibition zone of 5 mm. The disease-control
efficiency against tomato bacterial wilt in pot was 63.4% . YPP-9 also colonized the rhizosphere of tomato well. The
colonies were cream in colour after 24 h culture. Cells were gram-positive, rods (1.8 =4.1 um x 0.9 —1.1 pum) and
formed endospores. Endospores were mainly ellipsoidal to cylindrical and lied in subterminal, and occasionally
paracentral , positions in no swollen sporangia. No crystal protein. The pH range for YPP-O growth was 5.5 —8. 5 with the
optimum at pH 6.0, and the temperature for YPP-9 growth was 20 to 45 degrees with the optimum at 30 degrees. The
results of BIOLOG GP2 showed that YPP-O was Bacillus. Phylogenetic analysis of the 16S rRNA gene sequence revealed
that YPP-9 was the most closely related to Bacillus fumarioli, with the sequence similarity of 97.7% . The sequence
number was FJ231500. The DNA G + C content was 41. 9% . The major menaquinone was MK-7. The dominant fatty
acids in cell wall were C, , iso, Cj, , iso, Cy, , iso and C, ;. alcohol, with the contents of 28.27% , 19.59% ,
12.93% and 10. 88% , respectively. [ Conclusion ] Bacterium YPP-9 strongly inhibited R. Solanacearum in vitro and
efficientlyly suppressed the disease development in pot experiment. YPP-9 also colonized the tomato rhizosphere well.
Taxonomically, YPP-9 is affiliated to Bacillus, and probably a novel species.

Keywords; antagonistic; colonization; taxonomic position
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