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TEE. TR R R ZEAT B Bsol6 TERMARTRAE AL 11, AR FT T Bso16 I A EHG, 4091 T
Bs916 HZ: 5 M IEIE L) B G AL 3L R B, 79 T Bs916 I HiAk (a5 6 19 (GFP) ARC BBk BsO16G I 2 i i
MR RE 1A YT ABE T, ISR FIAE S MIS SR RE BT 55 75 AN 2= A I 1Al T Bs916 76 7 3h AR 305 1) <2 5
BEIRAR . DR A HT4E T3 A B AT Bs916 Y78 56 4% (10 A= ¥ BT i 0GR 5L IR (55 , 45 I o 24
(EPS) & i gmtt BRI 7% \TasA R IF y-2 R H IR IR G B g A5 5L R %, FR /NG5 3124 15 715 bp 786 bp 14 369
bp, 5 ERGE A E MR P51 R R P IR 96% ~ 100% . % NI 7R, GFP ARiC B #k Bs916G ELAg FET A B Ak AH
[i] {40300 1 2 05 T A T Y e h AR W IR AR 1. FE MS SEARRGR G |, Bs916 7E 3 At AR B Y s Al B AT A 3.1x 107
CFU/g, FEARRIEE RN 765 0 4 e ol e Fi i A B AL B b, BsO16 78 F i AR 38 1) 8 A A A R I SE TR A 1
Fh, B TRE S, R MHZERF B Bs916 nl LIFE R ARG S e 7l , 1 o0 HiAE F A B 96 7% 55 75 A 12
PEETREE
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Colonization of Bacillus subtilis Bs916 on tomato root
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(Institute of Plant Protection, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: In order to identify the colonization ability of Bacillus subtilis Bs916 on tomato root, the biofilm formation
key gene clusters were characterized and analyzed, the biofilm formation and antagonistic activity of green fluoresent protein
(GFP)-labelled strain Bs916G were studied, and the colonization of Bs916 was evaluated by petri dish and pot experi-
ments. The results showed that all three key gene clusters existed in B. subtilis Bs916 genome, which were responsible for
the synthesis of biofilm main constituents, exopolysaccharide (EPS), TasA protein and y-Polyglutamic acid (PGA). The
gene clusters were 15 715 bp (eps), 786 bp (tasA) and 4 369 bp (PGA) in sizes. Lab work revealed that GFP-labelled
strain Bs916G and wild type had similar biofilm-forming ability and antagonistic effects on Ralstonia solanacearum . The a-

mount of Bs916 colonized on tomato root was up to 3.1x10" CFU/g in MS plate.The amount of Bs916 colonized on the to-

mato root cultured in pot fell before rising to 10’ CFU/ml
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with or without inoculation of R. solanacearum. In

conclusion, B. subtilis Bs916 has an efficient colonization
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ORI M4 AR RLE K40 ] (BK2012373) in the tomato rhizosphere, which was considered the pre-
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il B ZE AT TR 0T 7 A R T M Y P A 2,
MBET X AP B RAFBAL, HXHEY)
HAMRAMEH, AL REN, ZFRHEPIA
FEYDI B PPLT E 2 . SRR M f E R AES
AN AT TR ) O o 9 D R 1 A R R & A
BRRGEHUE SR, A B R BT A A 9 A
PeA R A S O S RES A R E Y Ik,
A= 7 R Y RE B e 1 R Bh S RLB RIS B 28 180k A Bl 1k
e BRI EE S E TR,

Az B TR R AR B 14 48 R0 JE 2L DL T ARAE
REAE IR B AE AR 22 18 RE S 78 A K AR R 1
FEBH ; RE WS AL FH A7 SAR R W T O B TR R
JEM A B 2 AT B LA R T 2 A T
TPARER, AERE AT LA = 2B B B AR A e 5
B B HIEHUPUA: 3 R BE R J7 , b akk AR 3h 9 1) df
1 A= W R Re 4 Az b7 DA AE A )RR 0 1) 7 Bl A
T % 2 200 TR 43 %) B 4/ R A 38 1 ol B il G
IR BN ORI, PRI A B B & 4% 1E 5 1 A B A 2k
PERYY ZERAT B AR 0 B o R M A 2B | TasA
EH ZRA AR B —2 DNA S8 5% H i,
A= PRI B 532 R ) 2 AT PR R A AR B o B 1)
HEH T,

TLIRE AR B £ B Y PR3 B 58 T K R 3 5
AR R E LS KIS, BUR T K 2 B i bk
YEUR, IFHE R T AT, QB iR KRS SRR B A
HF < grtgs TR IR K R 4 B S Y B
AR OB g 45 R AW, B R 2E A FF B Bs916
(0 32 B 43 ) T 22 A 0 s T L TR AN 4
TR AL AT SR P 5 4 3 DR 4000 0 B A 0 8 7S
Bs916 ] = Z2 Fl i K2 R SR B 2 by A= £, an 2 1
TR AFRER L&Y ARIFSBILE Bs9l6 4
B PR 2R 0 P £ ARG 61 7 50 75 A 0 B 1 e L
HE—25 00T Bs916 A= 4 IR Bl i) G B A, F 5
A=Y BCRE T, R ALY MS AR FE A 58 15
FIR 2 AR I TE AL Bs916 75 7 AR 3 4 2 B i
FIRLAEE , B 76N 2E /AT I Bs916 Bii6 75 i 7 Ak 9w fY
FH ] )7 FH (At B BE il

1 MRS IE

1.1 ks
W5 FH e R B & i MG B ( Ralstonia  so-
lanacearum , RSQ) FI4: B B ( Bacillus subtilis Bs916)

LHL 5 6HE H (GFP) ARICH R Bs916G £ i {1
IR RN B B AR P PR3 0t 55 BT K R 55 5 A= B
FEIRATF . WlhFE AT B AR R I ok R R
B T R Z 0% ( Yeast peptone glucose, YPG) 15 3%
F(HHES g JREHMR S g F&M S5 ¢ .pH 7.0~
7.2, R FRFTT NG 15 ¢) . Bk Bs916G H
WS fy e, Hpi A RS . AER
(Cm), 5 pg/ml, i H A & HE 5 305
(Nutrient agar, NA) B35 (4FRIRE 3 ¢ BHE 1
g JEHMR S g A% 10 g ZE1R7K1 000 ml, [E 4 K;
FRIETINIERR 15 o) W AbsE %, B B it
SRS AR 2 AR R R TG T A i A A
K FH A W) 338 2 1% ( Murashige and skoog, MS) 15 3%
F (0 1 17 22 Duchefa Biochenie 23 #]) M,
1.2 EHER iR

Hi i B ZEAUAT T Bs916 Fl Bs916G £ YPG [# {4
TS AL, PRECR R 75 A YPG AR S 37 5L & %, 33
°C . 150 r/min ¥ ¥ £5 #% 48 h (@ & . 2x 10°
CFU/ml) ., T 7 Al 3 TR 76 NA [0 5 57 5L L%
1k, A 50 ml NA 535,28 °C 150 r/mindi& %
FEF% 24 b, WG A RTRIR A 25 1 NA P4 (0. 2 ml
PRV PR, T A TR A . 1x10° CFU/ml) . NA “FAR
DU 2T 4 AN H AR 5 mm /ML (B EE SR
LA R 25 30 mm) |, &L E A A B K 5
wl, BEALFREEAS 3 0L, 28 ClHIRIETIR 2 d =, P&
TITRPE B AR
1.3 ZFAFEEYIER R EE 8

ZEHUAT T Bs916 Fl BsO16G 14 Ak 4 I n fig
TE MSgg 55 32 A7 PEAL . MSgg 15 5% 3L BC J7 an
T BEFRAN 5 mmol/L, Mops (pH=7) 100 mmol/L,
MgCl, 2 mmol/L, CaCl, 700 pmol/L, FeCl; 50
pwmol/L, MnCl, 50 wmol/L, ZnCl, 1 pmol/L, #i}%
% 2 pmol/L, HIl0.5%, BE 0. 5% BER 50
mg/L, FKNER 50 mg/L'° . B2 AT B Bs916 Al
Bs916G 73 4% Al F 10 ml YPG A B 35 56 fr | 28
C 180 r/min}i 5% 16 h, FRJGHL S wl H5 R, 7%
FEA 3 ml MSgg HiFRMAY 12 FLANMIR: St , &
ARk 4 L, R 3 R, 37 CHERSE 24~48 h
J&i , B E W REIE B L
1.4 Bs916 FELH HEAMIREDHIETE

Bs916 K8 48 h J5 WA W4, JF FH K TE 0. 9%
NaCl FiBE 2 0D, J 1.0 R (B & B 4120 5%107
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CFU/ml) , T 7 F 3% W E RN = 5
min KB , TCHEKMPEE IO, BT Bs916 4= B
HOR I 24 b, BT IET R JE R T MS Bl AR, A
MR 5 R, A 3 UK, EE T 28 COLRRT IR,
15 d J& , FRECE AR AR , K FLWF S J5 FH G B /K 42 BR A
FOAG BV R AR YPG AP A, A6 A= Bl B Bs916
T AR B 110 2 B AU
1.5 BHEE

GFP #RICEPE Bs916G T YPG &1 48 h, tde
PR, DU IR 7 i, 290 2x10° CFU/ml, 7%
HE AT RSQ T NA B5RI PR 7% 48 h WAL TR FF
LS EZ 13107 CFU/ml, BEA 3 0, 583+
S A1 0 1 0 1 BC LG W8 28 1 T i A 74 A
W REROINTE 4 M 1 DB EAE TRl AR, AR
PRS2 3 AN AL B 43 512 HL5E Bs916G TR R AL B
(Bs916G ) | % B¢ Bs916G 4 Wi J5 B 5 A i 4b 3
(Bs916G+RSQ) A TG KX HR (CK) , BEALEE 15 £k,
HI 3R, ot M T, 75 e Az B 1A A AL B Sk
FETEAE BT B IR AR 20 min, FfE G, R AR
FRIF-5E Bs916G K 20 ml; Bs916G+RSQ Ab 3 rpr | 4
A5 ) S VAR 5 A9 BT BRI 10 ml Xof BEAR B v | 7
FHHTTETCE K AR 20 min , 2 HUS HEMR TCEI7K 20
ml, HERAOHISE 1d2d3d5d.7d. 14 dEBRE

F1 WHEFHETE BII6 EMRETEBXBER(K)ER

FAAR , B UCUBCET 3 AR, RHER 1 JFPRIBARTE 1 g, ]
TCrE K IR 35 Ve i, A8 Lo B 5, 40 iR A6 & A 10
pe/mlSAE 1 YPG V47,28 C i iE 48~72 h
J& , GO RLZEHIFT T Bs916G R4
1.6 HiEs

TI6 B R FH Excel 2003 F1 SPSS 16.0 3k {7t
TTGETT 50 BT, Duncan’s 3 & H 22 1 43 B A [H] 4 3 [7]
ZBEN,

2 45 R

2.1 MEZFHEATE Bs916 EMBEREEEERN
b2

SILHATHN T R A 5 2R FF I Bs916 7%
A TEEEAYIIY O EE L (7R , AL 36 i A1 2 b
(EPS) £ 1M g i KL K 7%\ TasA M y-Z BB &
MR ARSI NFE (£ 1), HP s 25 (EPS)
A RS FE R /N R 15 715 bp 4355 15 AN 4ihis
B, 5 OB Y 2 R 5 [ R 99% ~ 100%
TasA £ H A 5L K K/ 786 bp, 5 € 4 18 25 1 [
PEIK 100% ;-2 A 2R IR G B gt 2L KRR/ R
4369 bp, 5 O #3819 AH ¢ & 5L 1R T 51 [R] IR o i
96% ~100% ., 3 A~5¢4 H ey B[R] 5 1) G bt 356 [ (%)
J& Bs916 A=W B A RSt ORI

Table 1 The details of gene clusters related to biofilm formation in Bacillus subtilis Bs916

I () KN (bp) ARG A
Musb 205 (EPS) & kit 4 5 3k R 7% (ABCDEFGHIJKLMNO ) 15 715 3G RS 2 b 99~100 N 4h £ b
TasA 786 A% TasA FEH 100 TasA FHH
v-ZRRBRRR A Mm% 4369 RRBA L-AERN y-ZREEAR 96~100  y-ZRAEER

2.2 GFP fRiZE ¥ Bs916G HIEMEEREER
EYER R EE S

SRR T IR B0 45 SR (3R 2) o, M B 2R AT
Bs916 K H: GFP Fric Btk Bs916G Xt 2 /it 15 Al i 14
TREAF R IERIVE R, PR R EARARTE 13 mm 2247, FL
ToR 2R X R GFP B IF AR Bs916 X7
ARSI . AN, AE YO i RE 25 5 (&
1) 7R, Bs916 F BsO16G 7E MSgg 15373 h #RAE L TE
B, BT ESE 28508 . X taRI GFP 3
FEAFEN ZEAIAT B Bs916 AR AIE 1 fik

R 2 FEFMATE Bs9l6 1 Bs916G X EMFRHEMNETIER
Table 2 Antagonistic activity of Bacillus subtilis Bs916 and Bs916G

against R. solanacearum

o T A R AT T B AR
b (mm)
Bs916 13.3+0.76a
Bs916G 12.5+0.57a

[ —3ER 5 H RN FREROR 22 R 53 (P>0.05) .

2.3 MHEFHITE BII6 ELEEMIRIHER
fE

W 2 7 AE MS SPAR RS b R R ZE AT R
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Bs916 5 14 7 i AR 28 PN 108 B 1 (TR R, T AR
AR AR 2 P G IR , 3 3R W BsO16 BEfE
T AR R IR A AR PR E AR AE P AR [m]

A

A:Bs916; B:Bs916G; C:Msgg 535k

W 5E Bs916 1Y XE FH % 12 T/~ , Bs916 7E Z i HR
B EFE B NE 1 g MR 3.1x107 CFU,

B 1 #EFHATE Bs916 7 Bs916G £
Fig.1 The biofilm of Bacillus subtilis Bs916 and Bs916G in MSgg medium

A MS AR Bs916 AR AEFFAARIE ;B A 7 HE XIS ; C 2 B 1B 5 HE X4 i B WL 22 151 ( < 40)
B 2 Bs916 7£ MS FiRik 1 P FEMIRABEATE R
Fig.2 Colonization of Bs916 on tomato roots in the MS plate

2.4 WEFRITE BsII6G ERAHBEMIRIBIUE
EHNBE

FIFH GFP #RiC Hi bk Bs916G HEMR F M Hi )5 , @
TP B B A I Bs916G 7 7 it 2 3 ) <2 7l
0L, 45 R Wos . Bl HE AR Bs916G 1y Ab 3 h,
Bs916G 7575 AAR TS 14 7 i B0k 22 L5 T B s 140
TR RIVEAR 1 d )5, B AR e A T LAk
F 1x10° CFU/g, 55 5 d TREEIEARS, BT ¢
R 1x10° CFU, B f5 &4 0 iK% 1x107 CFU/g, 56
7d.14 d BELE 1x107 CFU/g, TEHEAR Bs916G JIf:
Ivi] s 22 0 5 A T AL B AR BsO16G Y RE B B0 AR b

HE SRR b HE B A — 3, HL o A B B A A
I AHAESS 14 d B, Bs916G Ay & it i W S L AR b
25 10 £ 40K 1x10° CFU/g( &l 3)

3 9 e

ZEART A W A o) T2 B2 ML A Z M TasA
BHMy-ZRAER ., MINZHEH eps YT 1157
B, RN T G i L A 220 G L, TasA & i
tasA A I H FIHEAN T . Chen S5 F 57 45 1
FE AL B ZEAURT B R 58 AR eps BX tasA FEIH, HLAR
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Fig.3 Dynamics of colonization of B. subtilis Bs916G on the

root of tomato over time

BB A5 5 A A R L HE A 2% 5t AR 308 ) 7 e
FF%,W eps M tasA E@ﬂ%@iﬁi%ﬁi{ﬂﬂﬁz%ﬂ%,
FEFMIRIRIEANGEE T ", AR DR,
FHRLZF AT T Bs916 th HA S8 1 A= M TR 1 %
B (FE) , B 45 MO Z2 88 (EPS) & 1 i g £t 5 [
e, TasA H [R y-22 AT 2R 3R 45 Tl o 1) i IR 7%
HAR/N51 15 715 bp 786 bp Fil4 369 bp, 5 E R
B P AH O SR 7 51 R P58 96% ~100% ., [F]AT,
ARG SR O M T tasA FEF A 5B,
IF R BIZ IR AR B) A= WY 1 RE ) ™ T B TR
AR R EFLAE 159, X 5 Chen %6 738 A9 45 1
—3, HUICRT DL Az W RE R ZE AT T A AR B
B EEA AR

RO (GFP) 2 —Fh RUFiytnicd, ik
AEoK  GFP B )2 W T A ic Az B 2FF AT B, R W
Z M 52 L6 b7 TR A A AR BB B AT S R B AR 5
22 XIE Y S A B GFP A i Al B 2E /R FF B
PTS-394 Jf- #4717 H 7 7 8l AR [l a2 5 1 0L ¢ ot
P AW A T GFP bRic BOA, B ZEALAT
W Bs916G 5 EF AT Bs916 14 4= ) BRI B BE 1 A4
Tl A R AR T BRIA P T = RS AU
GFP HRic A R 17 JHAE 2 At AR 08 1 o 4 3 25 R
TRFFT , M A b7 2E AT B BsO16 H [8] B 36 75 it 15 H
JRBEE T FLISFLAE

A= B 2F AT i R FRE Y E BE e ) R R
FEAEBG ARAVE IR SRR R 2 R, 2 B B 9
A RE 1 B sh S HUHET 58 B 28 iR A 5 st A 40 7 3k |
A MEESHIERZ —, RIRFEF IR, A5
ZEFLFT B XF-1 BETE R ISR ] AR SR FIAR YR i)

SEFE AT o5 A R A A, DT AR e
I DA AR e RV A B0 5 SR 3 B R R 2 AT
Bs916 AEHETE T AR &8 FH , HAE 75 AR &8 1 2
B SIS T B S 2 T ek S BV R
HHTE , Bs916 11422 i K0 f 119 722 Ak 35 R 42 P Ak 21
WA AHAEES 14 d I, HEFE = 0 W 1 R
FRZY 10 £, DA 25 R R W], AR 25 F0 4T 3 Bs916
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