ZEAFEER (BRAMFEMR), 2012, 34 (1): 99 ~106

Journal of Yunnan University

CN 53 -1045/N  ISSN 0258 -7971
http : //www. yndxxb. ynu. edu. cn

ENMAESHRENEENEAE RS
SHERBLMEIHT

FhE, BEA, L2129, giu', £

FLL A, ERR, K, BAR

(1. mrRF YRR SR ESLEE, ~r B 650091 ;2. fb EHE B2 F] ABM R SEE, R FRM 450001 ;
3. A MERNEERBE, =/ EIE 653100;4. B A B TEMRTOARAR, =8 B 650217)

FE: KB 3 8 R NC297 21K (K326 115 600 Bk Py A= 4 B H , LUAH 255 4599 B ( Ralstonia so-
lanacearum) JJHEHR , 307 1 55 BRAEHTR , OO F 5 A8 17 04 400 587 Bl BLARAE 1 ~ 16 mm Z [i]. X3X 55 BRESHLIE
A AR Y 16S rRNA B P43 T RELP 234737 4 6 i 8. ARYE RFLP +f7 B 16 BRHEAT 16S rRNA J
PRSI E AR SR T B R WIIX 55 #RAGTME N AE 41 R J& T Firmicutes Al Proteobacteria W K JEHEH) 6
ANFl : Bacillus amyloliquefaciens subsp. plantarum , Bacillus methylotrophicus , Bacillus tequilensis , Brevibacillus parabre-
vis , Brevibacillus brevis Fll Pseudomonas aeruginosa. F|FH cheA F KA 5 1k S Mok 32 3603 6 3 3 A B A
A B 5 PTTE N A2 4R T « Brevibacillus parabrevis , Brevibacillus brevis 1 Pseudomonas aeruginosa.

KRR M N AR AT A WIBIG  HEE R  Ef

FES%ES:0939.92 THIFIRMG:A

KR A 2 R A B R QB (Ralstonia so-
anacearum) | 8 1) — P AR B H B0 T R AR FR A
SR AT % A VLR S DL R 4%
i R s = N TN B R 12 = eI
TE R U445 AKX . 2002 4R LIK, =7
A4 A 7 b DX T A 1 7 o B AR R, SR
T M e 25 Kk F 80% LA b, HH 5 M B R
A R TN R T AR R RS ZE . R
FH YRR IE R AL RPN B R e, 1k
SR IE AR YIB IG , Hoh, 4 198 58 2 RN it FH A F 6%
HEETERE . WA, T X IR A AR
NF BB Z A 2% 8, LRG3 MUY
M, ARG R T TR A B & R AL A
AW 1A N T A AT ) IZ RS, 4 AR Y
BITARCR A NG, B& T = Ab i v .

« WrFEHHE 2011 -10 -09

XEHS 0258 -7971(2012)01 - 0099 - 08

FEL 45140 65 1 14 59 245 0 75 R B BT RR Tmjd 123, Au-
jA82221 XA HE T Al 1) 2 N B8 53 ) 11 1K 58. 4%
197 % . 3 75 T 25 G B Al 55 25 H0FF T ( Bacillus
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VER A WA T 05 5 40 R 1B B Fn e A )
TR KRR HAE Y X RN R KR
PRI ( CheA ) 2 4 T4 ¥4 fb M i) 22 o0 14, 1 f
CheA i fth 3 X (cheA ) B 0 A= 0 #5 2 A7 ¥4 {0 4
PE1. Buchan 21" AR I T —FRIE T ched 1)
T2 W7 TR AR Bk Ak 40 B A0 Fh R 3l 2
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PEFS B 7 T A5 R WLARGE. ASHF5E A NC297 |
K326 £1 K 3 /N B Aol 56 0 B o P 2 A
YHTR Y, FIF cheA 35 PRI I RN~ B Ak Az I 7 ik
15 35 A Ak P A B TR, I e TR RICR RN 43 HE R
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1 #MRIEF*
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K326 ZL KA bk fad i Kt 23 ok B =M &
VR T R B L AR P A TR ) 43 1 S R
V7 RV AR B D vk R A PR G 3R 303 B R
7%

1.2 ¥EMFEESHBEENNEMRIGIE VI
IF, o 4 BRTE AL N A B 53 R0 26 T4 IR E 3 37
FePt b 2B ARSI (B 1A) AT 32 “C R
g% 2 d S TEAS N AR TR TR Vi 2B K S i N 321 2 0
AP B AR T B R s R 4
LB 2E b5 Bt B IR 5 LBt , A= R s
HIEF) PR 32 C R 5 2 d, PRECEAA ] 4540
PR TRARSEA T2 075 52 i sF, 4 P 2 A TR 42 T 0%
A 10 mL A= P AR 1 MR TR 8 97 2 1 A (18
mm X 180 mm) #7, F 37 °C,180 r/min 53¢ 2 d. BL
A5 5 (0 M 5 5 At DB I R 200 L (29 1 x
107 CFU/mL) Jif A 300 mL & H1 % 50 °C (94 N 7
E AR R A R BT FE SR LB e
FHEAR 6.5 mm [WFTFLAFTE T SR 4THL 6
A EEFLPIIN 200 pL( 2 10° CFU/mL) A48 4T 1 (1Y
KRR, AR T TAE G CE 6 h DL O K
SR BB T, Z 5 R T 32 C TR R
1dEMEiEE ER (B 1 B,C). Bk 3 N E
5, VNSRBI A B R IR 3B AR VR v iR
1.3 BUEERRNEMAENFIE N &I
AP FE R 2 DNA, LU AR H ched JER Y345
¥) PAP5 F i1 PAP5S R 4T PCR ¥ 14, PCR i

AR R B bR Hsd - 14 Hk] -3 HATFEHOME, MR Kil -21 F1 K6 - 21 Jofhfirt;
B, C. A0 PAR L /s 550 Hk1 -3 (Hs4 — 14 TP BT, 0715 97 200 B CK o JCas il 1k
1 FEHAESHREEE RN & ARG

Fig. 1 Screening of endophytic bacteria from tobacco with antibacterial activity against Ralstonia soanacearum ( A:On primary

screening plate, strains Hs4 — 14, Hk1 -3 showing antibacterial activities , while strains Ktl —21 and Kt6 — 21 without an-

tibacterial activity ;B,C:On second screening plate,strains Hs4 — 14 and Hkl —3 forming antibacterial holes, while con-

trol using medium not forming the hole)
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wL,10 mmol/L dNTPs(2.5 mmol/L)2.0 pL,P4P5SR
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DNA %48 (5 U pL™')0.5 uL, DNA 2.0 plL,
301
25 | el
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RIEAT T TR DI & FoX B . 7931k ] MEGA
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MR F Neighbor — joining YA #EAT 5 4% H £ 1911
ARG KB W E, X Gap B9 ZLHR ] Pair-
wise Deletion. 3% F B fili#£ 1% ( Bootstrapping ) ¥ 4345
T AR BEEAT PP, Bootstrap filE EL 2 UCEC
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BT EE B AR 7E 1 ~ 16 mm Z A (FNEHTFLEAR) .
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Fig.2 The number of the 55 antagonistic endophytic bacteria against Ralstonia soanacearum in different inhibition ranges
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22 ERRESHBEENEENERRELE S
o RS9 27F F11492R P84 1 55 RIS PURY
16S rRNA JLH JF 4], By KR/NZ) 1.5 kb, 1% 55 #k
FEPUIA MY 16S xDNA J7 51 FHBR il 14 ] VI i Msp T
FTHY), 2= Az 6 Fp RFLP 47 7. A6 RFLP 45 714 %
BT ~7 kR (3 16 #k) #E47 16S rRNA JE[H 351 I
J¥, Dk Genbank 3% B[R] 44 d5 137 19 £ 1 91 A K
Hop— 2 DU g b B AR 1 0 R R R 7
YIRS A, M R R, RE LT O
GERFI X 55 MR AEFEPUR A )E Firmicutes F1

Firmicutes Z5FEH5 T 5 F RFLP #7 A JE40
T 53 BRANTA, i 5P AR 96.33% . iX 53
RN A H )@ T Bacillus 1 Brevibacillus 2 )& ,
FRIPE 2255 98.42% ~99.91% . H.th Bacillus "M
HJg@ , 3 3 F RFLP A7 843 50 AR bk (et
M) 94.34% ) , 53 )& T Bacillus amyloliquefaciens sub-
sp. plantarum (25 ¥k ) , Bacillus methylotrophicus ( 21
¥R) , Bacillus tequilensis (4 ¥f). A 3 #RF5HL N A H
S35 5 J& Brevibacillus J& 18 2 A~ . Brevibacillus
parabrevis (1 k) F1 Brevibacillus brevis (2 ).

Proteobacteria P R ZKRE(F 1,8 3).

Ht9-26 (JF899286)

68 | Bacillus amyloliquefaciens subsp.
plantarum FZB42T (CP000560)

Ht6-14 (JF899282)
Kt4-12 (JF460749)
NK3-15 (JN661697)
o5 | 1S6-7 (JN6616970)
Bacillus methylotrophicus CBMB205T (EU194897)
NK2-31 (HQ831390)

Hk3-1 (JF899255)

Nk8-22 (HQ831399) Firmicutes

100 NK3-32 (JN661700)

Nk3-26 (HQ831392)

Kt9-29 (JF460757)

70 “Bacillus tequilensis NRRL B-41771T (EU138487)

Brevibacillus brevis NBRC 100599 (AP008955)

o ’{Hs414 (JF899267)

100 Brevibacillus parabrevis IFO 12334T (D78463)

KT6-18 (JN661698)

Hs8-13 (JF899272)

|HK1*3 (JN661696)

HK1-2 (JN661695) Proteobacteris

100

A Pseudomonas aeruginosa IMG 1242T (Z76651) ~—

0.02
3 ENEESHRENEERNEME 16S rRNA EERFMEEEMH NI REXEM (S X EHBEAEFRE=
100023 LIRS 0. 02 BEBRE  FSHAFIIS)
Fig. 3 Neighbor — joining phylogenetic tree of nearly complete 16S rRNA gene sequences of the antagonists of Ralstonia so-
anacearum from tobacco endophytic bacteria and their closest phylogenetic relatives ( Significance value on each branch
is indicated by a bootstrap value calculated for 1 000 subsets; scale bar represents 0. 02 substitutions per base position;

accession numbers of isolates are given in parenthesis)
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Proteobacteria 258t H A 1 f RFLP #7 & 2 4>
WAk, JB T Pseudomonas aeruginosa, [8] J§ 14 1K
99.03% ~99.24%.

2.3 ENRESHFRENELENERAENS T
KMMEREBENLUNE FIH ched FEHGIHXT 16 B
223k 16S rRNA JE PR 410 7 1) 400 55 Al T 435
PUPE N AR A AT 1S, 45 R WoR o iy 5 BRAS BT
BRIBED 3 1 R/ 500 bp 1 ched FEPIRFAEAT (%
1,18 4) 9120 H Wik Se ik BA B AL TE. O T 5k
FIFH cheA PR i 1 A P4 20 T 0% W A5, g iy LA
L - RERR, #H M 18 ks, -
BB T R R 2 I TR R A . S 4%
R X S BREAE cheA REAIEAHT R KH R A A 20 B X
B 3 ik G e ATt B AR D BE R W
1EIE (&1 5) |, M IX SE G o AL & ) BoAT #adk
PE.3X S BRAEPUHE N A 4158 53 1) J& T Brevibacillus
parabrevis(Kit6 — 18) , Brevibacillus brevis (Hs8 — 13 |
Hs4 — 14) Fll Pseudomonas aeruginosa( HK1 -2 HKI
=3) (E1). 781X 5 b et N A g s b, B
K6 — 18 TH k73 &5 F M B 5 Fil K326 4b, Higr 4 #%
By ALk,

M Ht4-12 NK2-31 KT6-18 Hs8-13 Hs4-14 HK1-2 HKI1-3

500
bp

4 HERMERNEMAEH chedA EEY 1 (M 5 DNA
S FEIRIE; Hd — 12 NK2 - 31 Bk R 18 H
cheA ERE G ; H&R S MEY HEH 500 bp K
cheA BFE4FEW)

Fig. 4 Amplification of cheA gene from antibacterial endo-
phytic bacteria ( M represents the DNA maker;
Strains H4 — 12 and NK2 - 31 not produced the
band of cheA gene; The remaining 5 strains pro-

duced characteristic band of cheA gene with size of

500 bp)
3 it i

TERA R MRS TURAE B BT, A P A

T PR R G A R o o AL R T R 22 4P T 4 52 G
FrAETE S A N A T v O 2 14 2 AT
( Brevibacillus brevis )009 001 B #f H 18] X 4K &L 55 4k
W7 503 59 ¥ 3 100% 1 84. 5% . A7 4 25
AT B R P9 A TR A R ZE AT B B - 001 AR,
2005 45 A1 2006 45365 A6 75 Ak A T i) 57 2 7E
40.03% ~78. 14% . Ja ixj 555 () 1 5 3 W1 78
B[R AR B4, U o A A 0 T ) SRR LA
X A AT 5 AR 10 A 2 0 T R 2 e T
SR it A, S0 P A A0 T B R R e
B YA T R A VR . B2 AR T A A ke B
AR B B9 N A 40 3 Bacillus subtilis H -1, B.
brevis H -9, H — 11 X 00 5575 g 1% H (1] 75 25059 51l
i3k 84.3% ,98. 7% 1 86. 5% . AMHFE M 3 AN HHEE
A (NC297 (210K (K326) Hr 4 5E H 6 Rk HTA
AR T B9 N AR 4R : Bacillus methylotrophicus , Ba-
cillus amyloliquefaciens subsp. plantarum , Bacillus te-
quilensis , Brevibacillus parabrevis, Brevibacillus brevis
Fl Pseudomonas aeruginosa. F. ™1, Brevibacillus brevis
WA o W B L Dy A T X
Hili 1 A 7 4 R R A BF 98 B W B, Bacillus
amyloliquefaciens subsp. plantarum 1 Bacillus meth-
ylotrophicus FEASTIF 5% i 1 31 6y A8 25 75 Ao i it
B Fp. Bacillus amyloliquefaciens subsp. plantarum
AE A8 5 Al B 2 J AT R 2R A L i T M o, f 4
JUT il PUm & DGR R R GRS TR IR
IFRFFFREE R, C T2 MY B e 1Y
5736 . Bacillus methylotrophicus 12 2010 4F- %8
A2 AN B A T R B A A B R
AW . R T RS Pseudomonas
aeruginosa Yo KA BT A B A S0 ©
TTASRIFSE & PR F 055 N A= T 0 ) A s LA B T

AT AR B TR B 0 e v, TS 1 S id i cheA
BEDA ARG 75 ¥k ikt 5 MR ELAT cheA R AR B 18
PR, HEMTLL L - RAZTR I #BEF £ 1R ik
JEEY , RGP AR A RE VAR 2 13X S PR iR
HRAIEPE GIE 52 T 38 3o cheA 35 PRI 75 6 14 4 Ak 1k 40
PR A SR BT IR S 7R 2K [ Pseudomonas Fl
Brevibacillus ) 241 B 1 bk 22 SO B LR PE T R
WFFEENIE 13k — 45 51 (HAS —$E 2, TEACBIF Y i
VERY 55 MHF T A RS POR T, S RN A
9 X OBAT B A RS BT E o B A A
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5 IR :F*ﬁ:f(A ~F)Mi@EEZE(G~I) ﬁ*ﬁﬁ{«lﬁﬁlﬁlﬁi Pseudomonas aeruginosa HK1 -3 R 3 BB E 4% B. meth-
ylotrophicus NK2 -31(CK) 3t L - R[LZ S8 . BAEHNZ _BHENLHE

Fig. 5 Chemotaxis assays of chemotactic strain Pseudomonas aeruginosa HK1 —3 and its control strain B. methylotrophicus NK2

—31 towards L — aspartic acid, glucose and ethanedioic acid using soft — agar plate (A—F) and drop assay (G—I)
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Phylogenetic diversity of the antagonistic endophytic bacteria of

tobacco against Ralstonia solanacearum and their chemotaxis analysis

LEI Chun-xia', FENG Yun-li', XI Jia-qin®, CAO Yong-hong', LI Ping',
MA Li', MO Ming-he', FANG Dun-huang’, YANG Fa-xiang"
(1. Key Laboratory for Conservation and Utilization of Bio — Resources, Yunnan University , Kunming 650091 , China;
2. Zhengzhou Tobacco Research Institute of CNTC,Zhengzhou 450001 , China;
3. Yunnan Academy of Tobacco Agricultural Science, Yuxi 653100, China;

4. Yunnan Microbial Fermentation Engineering Research Center Co. ,Ltd. ,Kunming 650217, China)

Abstract; A total of 55 strains with antagonistic activities against tobacco pathogen Ralstonia solanacearum

were screened from 600 endophytic bacteria isolated from three tobacco varieties , which were NC297 ,Hongda and

K326. Bioassay results in vitro showed that these antagonists exhibited different antibacterial activities to the

pathogen with inhibited hole of 1—16 mm in diameter. The 55 antagonists were represented by 6 RFLP patterns.

16 representative isolates,1—3 strains from each RFLP patterns , were selected for 16S rRNA sequencing. Phylo-

genelic analysis placed the 55 antagonistic bacteria into 6 species of Firmicutes and Proteobacteria; Bacillus

amyloliquefaciens subsp. plantarum , Bacillus methylotrophicus , Bacillus tequilensts , Brevibacillus parabrevis , Brevi-

bacillus brevis and Pseudomonas aeruginosa. Three species of endophytic bacteria, ( Brevibacillus parabruis, Brevi-

bacillus brevis and Pseudomonas aeruginosa) showed chemotactic activity by methods of cheA gene amplification

and plate assay.

Key words : endophytic bacteria of tobacco ;biological control; Ralstonia solanacearum ;chemotaxis



