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Abstract: A bacterial strain SB1, isolated from tomato roots, was tested for its antimicrobial activities.
Results indicated that strain SB1 showed strong inhibitory activities against various plant pathogenic fungi
and pathogenic bacteria, exhibiting wide antimicrobial spectrum. Strain SB1 was identified as Bacillus
subtilis subsp. endophyticus based on its morphological, physiological characteristics and 16S rDNA se-
quence. In addition, properties of antibacterial substances of strain SB1 were examined using Ralstonia
solanacearum as an indicator. The results showed that antibacterial substances were heat-stable, water-
soluble, alcohol-soluble, and resistant to ultraviolet radiation and protease K. High performance liquid
chromatography (HPLC) results further suggested that one of the antibacterial substances was surfactin.
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ASBIEFE DT 31 AR R 0 8 ) — A 0T A B T
A AF PR RO T Bk SB1, T8 iR A HAE Ak K
16S tDNA FFF AT XX B AR 2EAT T 2%, I X
S WA BRI BIL TP o ) B S e 2 AT TR

1 #R5T%
1.1 HAERREEY

BAFEHIE SB1 ML EY (R DB R AL
1.2 EHFE

TR T TR 5 7 25 (A ) T 2 28 2 0 B i s 7 2
(PDA) 733l FH 5 it 4H 17 R B D7 1 [ 55 %, A
() 35 35 WU T P2 IR ) R AR B 5%, PDA XS
LR A S 37 5L (PDB) ] TH5HUTE SB1 H55%

1.3 F#k SB1 B EIE M E

PPk SB1 20T PDB B3R IL A BEL 5% 48 h
J&, T 12000 r/min B.0> 10 min, 558 F1EK.

XoF 9 D 240 B B0 4 FH R0 % 300 w95 B
1Y) (e R 10° CFU/mMLY& A T NA AR, 78
PR sATSLIS, A 50 pL F5HUE kB BIEW, T
28°C K577 48 h J I 241 b BBl K /)N o

X Ji L B A R AE HTAR I 2 . 76 PDA P AR h
[EJ4THL, S 50 L FEHT I L WE FIE W, T -7
Mg 3 em AbERUR R Z B fr, fE 28°C HidF
2448 h J5 I T B R/

SR FH 2 3 BV 2 5 0 v % B 1V OV TMV
TR RUARSMIMEI G . A 3 RS PRI R a4 DL
DR RSy p O
1.4 =¥k SB1 HIEE
1.4.1 EREE: SMICER[6-7]0 7 X0 HAR AT
TSRS, RG22l
VEM AR . IRAEA K 485 .

1.4.2 16S rDNA F3IS#: R4 16S rDNA [1)

HHLIY(P1: 5-AGAGTTTGATCMTGGCTCAG-3',
P2: 5-ACGGGCGGTGTGTACAAG-3") 4 4 B ¥k
SB1 /) 16S rDNA J¥41l . PCR A& Z& A: 2.0 uL 4
B DNA, 0.5 uL Tag DNA R4, 1.0 uL dNTPs
(B 2.5 mmol/L), 2.5 pL 10 x PCR Z& 4Pk, 1.5 pL
25 mmol/L MgCl,, 1.0 uL 51#J(10 umol/L), #h7E/K
2 RPN 25 uLo & 94°C 5 min; 94°C
50's, 55°C 50 s, 72°C 2 min, 7 30 ¥X; 72°C 10 min,
PCR 7=#1% UltraClean™ 15 DNA 4lifk i 7] & [
o, SRR pMDIS-T E$E, b A KT
DHSa, 3K H BHYE /e Bk 2 Ll SE R AR 8 R A
R R AT E o SR ClustralX 244477 5]
FeXt, MEGA # 41 Neighbour-joining J7 %47 %
£SR3 TS
1.5 &k SB1 FiE I RAIEFR EFHMK
£+ PDB. NB. LB, BPY Hll KMB 5 1573,
P PIFERERR SB1 JR, T 30°C . 180 r/min & % 55 3%,
TEbE 12 h BORE 1 Ik, DB A B R IR A e S 4 s T
DU B TR T A
1.6 E#k SB1 R E I RV IER 2
DAl B R TG A S g s v, I T bk SBI
FIPTIE P B i . R . SRANER | R T A R
AT 52 M, TR A R TR A 5T A [ R
¥ i o
1.61 SESEMMEYROZMW: BFEERH
B A FI W, 9T 60°C., 80°C. 100°C AbFg
30 min F1 1 x 10° Pa 4 ¥ 20 min J5, 12000 r/min &
O 10 min KFRZEHEYIBL, RIF4H 50 pL FIEHR,
AR 1.3 A7 ik TG M. D 25°C YRR I
TN BHPEXT IR, K B 55 372 3 0 B PR X R
1.6.2 £ EMEBEQEE K AEBEIHTEY R ME:
BUS R BE ST 40 W £ /MT FHEE 2 10 cm),
FRUFTAL IR 4 h J5, @ HAPTRE G E; FRH T mL & B
O FIBE K (&M 100 mg/L), 37°C i
B 3hJE, KIBCRETEE, S0 DR AR B R W T
FIVEE B K A B A X6 B B v X
1.6.3 ERWEXMMBEYROEZM: BGE & AR Lk
W, 48R 114y, 4 50l FHRR I SSORR B 7 R BB R 2.
3.4.5, 6, 7,8, 9,10, 11, 12, &35 H &8
T 12000 r/min B0 10 min, YTHEY) FH AR 2% 1 il
(pH 7.2)HEIR M, LR ASE, I pH (2
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T, g3 0 R A5 A BRTUTE K b3 ER A B TR I
D35 35 JH I TR 5 1 Y 1% T i ALk BRI 1k %o R
1.6.4 ARERIBFIINEYRABBERINEEEN
FoMm: HUAFE R R ISR TR, k. W
B BE. VNER . AT . C TR A A R VA
I ZEBBR S, 12000 r/min B0 10 min, K L
W B &M, DIVEY HWEIR 2% il (pH 7.2)
BRVEAR, 43I R 4% Ak BRI TE BRI Y R T
BRG E,  DURE I A5 500 BB IR 9 i ik Sy B X B
1.7 MEYRERER AR 5

Y H bR SB1 58 T PDB K535 Wi, T 30°C &
B8 5% 60 h )5, 12000 r/min B0 20 min, Y4E b
. VA2 mol/L HCI ™7 pH = 2.0, ¥k 2 h J5,
12000 r/min &0 20 min, YWHETTRE. LI BRI 3
W, ek 28 S AR IR MY, BEJS ok ik A 600 mm %
50 mm EAr, DLHBE/ SO EE VR, AR I PR
gy, WA PRI o SR S 10A M 8 3%
SETPUE Y, (a5 &R ODS #E 4.6 mm x
150 mm, Jishtilh 2R (1%) = 60:40, ik
1.0 mL/min, 20 pL #EEE &, 210 nm &3

2 5RE58W

2.1 HE¥k SB1 BYIEHLE N
ZER G OREE 1), Wk SB1 XL 20 Fiom 5

YA AN R AR BE A SIPE T . b, XAl R IR
WA KM FF P 45 A 2% R IR TR I B AE F s, i
XFE R ZEAFT B . 4 v 60 2 3K 0 45 o 22 TG PP 7
)1 A 2 SR AR A 5 TRV, 2 T AR ) TR 259
PR B R E | BRBSUE 25 55 FLA A 30 TG PR o, 10
B Bl 4243 03K 25.3 mm, 28.3 mm Al 21.6 mm. %
Gh, FEVTHIEXT TMV R A i i is v,
BERT UL, TRBR SB1 HAG T 35 (4 0 4 s SR Ak P 1)
2.2 EFk SBI HIEE

T A5 WS IR A AR o 25 SR 3R, Ribk SBI
R 2 CBHPE, RARSEATAR, 77204, SfErEIR4A,
7% NaCl#l pH 5.7 4K, # Ml g A1 V. P I 52 BH 1,
RE AT HEADBE . AR H 68 B AR w2 W - IR,
3 7K St S5 R Rl PR A B g S BE M, S BB SR 6]
() ZEAOFE B RRIE 26, S5 8 TR Pk SB1 Ry Ay i ZF R T 1
(B. subtilis).

HASE M SB1 I GenBank 34 e vh 8 5% 41t
FFE ) 16S rDNA 741, 45 £ W, Eik SBI
(DQ463427) 5 Kl H5 25 71 FT T (AB232386) 14 [] Y M
i, 18099.7%; RGHALM AT (8 Diff—2 R
7, Wik SB1 Ml B. subtilis (AB232386) )% B. subtilis
subsp. endophyticus (AF399911)J7F[F—/4 3, i
Wk SB1 A o 28 FLAT T 1 PN 2R S b

=1
Table 1

7

Inhibition zone (mm)

9 S 2 T

Pathogenic bacteria

E#k SB1 RYFEHUEE

Antimicrobial activities of strain SB1

o B
Pathogenic fungi

M

Inhibition zone (mm)

Ralstonia solanacearum 20.5+0.7 i Alternaria brassicae var. phaseoli 150+ 0.4
Pseudomonas syringae pv. tabaci 10.8 1.2 i Pyricularia oryzae 16.3£0.6
Xanthomonas axonopodis pv. glycines 19.8 £0.7 i Fusarium oxysporum f. sp. cucumerinum 253 +1.1
X. oryzae pv. oryzae 20.4+0.6 i E. oxysporum f. sp. phaseoli 17.0£0.7
Escherichia coli 23.5+£0.9 E FE. oxysporum f. sp. cubense 179+£0.5
Bacillus subtilis 57+0.5 i Pythium aphanidermatum 10.5+1.3
B. megaterium 7.9+04 i Phytophthora capsici Leonian 21.6 £0.6
Staphylococcus aureaus 8.0+ 1.1 i Colletotrichum musae 11.4+1.1
i Botrytis cinerea 28.3+0.7

Pt 1| 2% i
\}_fr;ﬁs Inhibiifiﬂoijfte %) E Bipolaris maydis 18.7£0.3
Tobacco mosaic virus 89.3 i Rhizoctonia solani 17.3+£0.9
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1
Fig. 1

Bacillus larvae (X60619)

FEmE SB1 S HMFRTRAMAGEELHE

Phylogenetic tree of antagonistic strain SB1 and other strains of Bacillus spp.

Note: The bootstrap values presented at corresponding branches were determined from 1000 replications, those with values of < 50% are not
indicated. The numbers in the brackets represent Genbank accession numbers.
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PP BUAE R R 7211 36-72 ho HL#E PDB Fil
KMB #5324, PDB R 3296 P =460 h)f ) B
HRF KMB 55#47(108 h), b pEH PDB &% 3
PR 5538 60 h N TER SB1 P40 1 W o 14 ol 4518
2.4 ¥ SBl IME I RAVER LT R

SAFR AL, R SB1 KB B M4T
W R A AR R, Hidr, 60°C FI1 80°C 4L B 30 min
XiF & T L VRIS PR R OR R i 100°C Ab B

21 —-PDB
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Fig. 2 Antibacterial activities of strain SB1 in different
media
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— 72 W 324

S I K AR BR Y & T U W S
(21.8 mm)5 FHHXS IEPTEHE(22.5 mm)FHY; 4%
HNRALTR 4 R T IS BT RGBT R,
A DLHTTR ) R 2R i KSR AR A UK

2R A 3 Y K e R W B EDIRTOVE, Pt
G AZ B KR, I 3 AT, P
TERPE RS AE 26 0F R (pH 7-9)A T fIRZS, H
W VERAT; TESRBRMEZ50F T (pH > 10) 5 SR i 2%
F9EME; TESRERTE AT (pH < B RLDTIEY), Hit
E W) B A IS AT A AR SR S PR, BT R ) B A
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Fig. 3 Effects of pH value on the antibacterial activities of
strain SB1
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FRPE 2 AR E, BB T W L TE W o

P B B B R B 45 R R (8 4), YLE Y
A K e by, RIS TR . LR
IR, 0 T 5 Sk, AT AW, s
PR o LA A A P R R 1
25 MEYRMVMTEE

FLECR Bk SB1 U FLEE Y FBT A AR Surfactin
PRy HPLC 3% &1, 258 WoR, Ar ik b s i 2
PN, HAR BRI E] 43504 7.569 min Al 8.453 min
(B SA ®isk BrzR); 10 o AL 5 4 10 1% 1 v
B2 A AHIE R, PR B AR 4300 7.585 min Al
8.431 min (& 5B i3k Fr/R), BLHHTEFE SB1 AUBL Y
A Surfactin il o

) 25 4 Supernatant B Precipitation
£ /)
20 r 7
g / / 7
g= 7 Z 7
§ 15 t/ ) 7 )
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s 10 7, % Z [/ 7,
(=} 4
5 /) 7 7 / 7 v
° 5 LV 7/ 7) 7/ 7 7
§ 7/ 7, 7/ Z % 7/
5 0 7, 7 7A s 7, 7
5 3> 3> 2 5 5
& o o & &
& & & & r@& > N
Q S 2 < &
N S & O S
KOS N N
& ¥
Q@K‘s
Solvents

B 4 &tk SBl MEMREARRRT R
Fig. 4 Solubility of antibacterial substance of strain SB1 in
different solvents
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Fig. 5 HPLC chromatogram of standard surfactin (A) and active compounds of strain SB1 (B)
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WAl SB1 B RRMIBURE TG M, 45 SRR, K E kW
(4T B ) o 2L s A b | A L YR A
A BN U RR M, 31X 54 B ZE AT B 4300 1) I P
JR I g e S A R AR A

I PR Ay 6 28 LR 1R 7 AR ) — R R BB
BT, AR RETEER . I R MR R R 3
ASFIGERLGL o Fer, 5 F TR 28 R B 2 % B
PR AT 50 BN A R BVE A Y, i % v v R A P
U . PO BRI R S R R I AR 2 R A T
REU, FEARBETE A, RATHE SR T2 HARK
DB TR R SB1 F A5 2% G M 28 R0 AP Ay 0 B 35 3
UL HPLC 43 #Hratt—2 R SB1 (BT ML
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