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Abstract: [Objective] The purpose of this study was to isolate and characterize an antagonistic
bacterium against Fusarium on lily and to separate and identify its antifungal compounds. [Methods]
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Serial dilution method and dual-culture inhibition on agar plate were adopted for screening bacteria
antagonistic to Fusarium oxysporum. The bacterial antagonists were rescreened by measuring
siderophores-producing potential, hydrolytic enzymes activity and soil colonization. The previously
isolated bacterial strain was identified using morphological, physiological and biochemical analyses as
well as 16S rRNA gene sequencing. Antifungal substances produced by the antagonists were isolated,
purified and analyzed based on bioactivity-guided method together with acid precipitation, flash
chromatography and HPLC. [Results] A total of 64 bacterial isolates were obtained from the
rhizosphere of filed-grown lily and 386 bacterial isolates were from marine organisms and silt. In a
dual-culture inhibition test, 9 isolates displayed the antagonistic activity towards Fusarium oxysporum.
Strain 11B91 was obtained by rescreening and identified as Bacillus amyloliquefaciens. Antifungal
substances produced by strain 11B91 were speculated to be lipopeptides iturin and fengycin.
[Conclusion] Strain 11B91 deserved to be developed a kind of biocontrol agent. This is to certify that
bacteria from ocean could have potential for the biological control of pathogens which reside in soil so
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as to broaden our horizon for the prevention and control of plant diseases.
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1.1 RIEARE

L11 $ERER: R AP REEEL 2 400 m
TR TR IR RN G A= 1) 5 s I LR 0
BOH A G, L5 A gk JJ B (Fusarium
oxysporum) . 728l /1 i (Fusarium solani ) Fl = &4
JI (Fusarium tricinctum). JIFA3 g i b 24 [ 2 28 fat
FREE G AR TEOR M LA 0% T .
112 EFEE. R EAKSRE EIUR
(ZoBell) 2216E #5351, PDA (Potato dextrose
agan) i 7R3 AR R IR SR B U
ERE IR R LA FE IR Y CAS (%
KA AR MKB ks R R
B,

1.2 RS E

1.2.1 BARGBHEEFGSENEDNT S, ek
RE: AGMRERERIE T 7 5 MK B 6 X P L
KIS MR 47 H A (Lilium orential ‘Sorbonne”)
HRBR 45, FRBURER T RS . 75 A Stk
RRIE R, R B Az, R
VAR LR, R DR EEIIE T i RS E
AR BT g #RPR A S 100 mL Jo R K o G
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FIFRREE] 107, 107 J5 43 BIEC 100 L WA F2F A FF
AR b, R A S PRBOR [F] v 2k
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FE L h S, FHESMMEERETHINE 680 nm ik
HEEE(A), VIXZEK AR R E  [RIAE 73 DR HE
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Kig® 24 h 4SS T I0 R 28K P s B o
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Figure 1 Antifungal effects of antagonistic bacteria on Fusarium oxysporum

xR 1 TEFEREENBRENNEEE

Table 1 Antifungal effects of antagonistic bacteria on pathogens

1S P 3/ ggﬂﬁﬂ %m%.ﬁﬁé Intensity oTjiigiial activity
Strains Microenvironment of strains FUS:'; Ilﬂhmﬂ?l)t(ﬁz;ir: Ei;innll)eter Hili %%7} i} . E%@ﬁ)} .ﬁ
Fusarium solani Fusarium tricinctum

BHB20 Rhizosphere soil 15.0 ¢ Sinis

11B65 Marine organisms 20.0b Sinis +
11B91 Marine organisms 27.0a ++ +
11B574 Marine silt 22.7 ab ++ A
11B593 Marine silt 26.7a ++ A
11B618 Marine silt 11.0¢ + +
11B650 Marine silt 10.7 ¢ %+ +
11B664 Marine silt 14.7 ¢ %+ +
11B669 Marine silt 14.0 ¢ %+ +

e+ I+ MRS, WA THARRVNG FRERIR 225 B3 (P<0.05), RHEUEN 3 RELNTHE, TR
Note: ++: Intensive antifungal activity; +: Moderate antifungal activity. Different letters within a column indicate significant differences at
the 0.05 level by the Duncan’s test; Data are the means of three replicates. The same as below.
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FEPUANTR ] P R LFAE R, LRI 2T 4R 2R s 1

KANESARE ., SREI A =4 & A0,
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BB IR T U i s T AR AR o BRTERE BHB20 4F,
HoAth 8 BRTA Y AT 77 AL TE R, Hrh 11B65. 11BI1,
11B574 ., 11B593 Fl 11B669 7= JE M MG 111 B 2%
THABTE R (K 3)-
24 FEIHAEERRLIENETE S
CEE B ITA R TERERE AR, R R TE M
AW, TEERERAARRE 1 I A S P A o A TR R
BHB20. 11B65. 11B91. 11B574 FI 11B593 1 Jyf%
VER, HE— 2 HAEAR R 3P e A .
WKF, 5 BREMRAE L 538 v i TR Ei e 5 B s ) i
k> (FE 2), Hidr 11B65 il 11B593 A%l i3 K o)
BEA—F, WETESE 2 AN T, 25
NIFGTE, B 4 KGR R 11B574
M TE 40 d N — B LA B REAR, BTHTF Bk i
Bk, JE RS o A PRAR L, BHB20 1 11B91
(0 T3 b R TERTIA A R, FLBEIN TR) T Bt 4R
1, FeERasETE 2.5x10° CFU/g 2247, 32 d Je%ih:
Wi THAE MR, H BHB20 7€ 25 d GRS A
I R(E 2). B2, BHB20 M 11B91 (W
Bt EOntaoE , BB, A% IR TS
B, 11BO1 TRAR AT VA (4 A= 7 B bR R4 T B D
YTE

®2 NEFEAE~HRE AR

Table 2 Siderophore-producing activity of antagonistic bacteria

L3

ATV

PRI RE

FH

Strains Solubility indexes = e Siderophore activity level
BHB20 2.50b 040 ¢ 0.60 a +++
11B65 2.56b 0.44c 0.56a HHF
11B91 333a 0.69a 031c -+
11B574 2.50b 0.39¢ 0.6la S
11B593 2.50b 0.39¢ 0.6la ++
11B618 - - - -
11B650 - - - -
11B664 3.52a 0.58 b 042b 4+
11B669 2.80b 0.39¢ 0.61 a A

T - FORATEREBMAG S BREUATR AL AJA: IR TP ERBUARIAIRS B it s DB FORTBREARE J1 B

Note: — No siderophores; S;: Siderophore unit; AJA:: Relative content of siderophores in the supernatant; More ‘+’ indicates higher
siderophore activity.
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Table 3 Hydrolase activity of antagonistic bacteria

(7S U R TG HEAMEHETE VERIEHE P

Strains Cellulase activity Protease activity Amylase activity
BHB20 2.46 a 4.63a =
11B65 271a 3.08b 3.17b
11B91 2.68a 3.17b 3.33 ab
11B574 229a 5.02a 414 a
11B593 2.67a 4.68 a 3.36 ab
11B618 = 1.79 ¢ 1.63 ¢
11B650 = 2.64b 1.83¢
11B664 = 1.35¢ 1.88¢
11B669 = 2.76b 3220

T - ORGP,

Note: —: No hydrolase activity.

3‘0 80
: esily
70 L —0—
Y ——11B91
= 60+ ——11B574
X —o—11B593
z sof
2
S 40}
g 30p
g
2 20F
=]
S 10t
@] 1 L L 1 1
0 10 20 30 40
Sampling time (d)

E2 AEHERARARRIRNEED

Figure 2 Colonization density of antagonistic bacteria in

rhizosphere soil 3 Bk 11BI1 EEES
Figure 3 Colony of strain 11B91

2.5 11B91 EHkAVLE

251 BUEREAES: Wk 1Bl A REEN
JREEFRIE ERE SR 48 h IR VR 2 RE , b5, 2
M, RIEFEECHEE 3), 5557 7d 5 REERE
R4, 1 000xiHEE B B AR 2R, g
ZEAU(E 4), B335 36 h BT & 2=, 1592 48 h
J5, HRFRIF(90%LA ) E A= 2R A

2.5.2 HEIBAECHFAE: BERE 11B91 A 24 K FHYE,
BEFIFIZZ 2P0 . BUhrfiom . (LBLme . HEs, bt B4 &k 1B BRILESA 000%)

1 FPRL . K, AERALIIE, REEERT o g e orstrain TBOT(L 0000

fRth, i E AR PAM:, V-P RN, AT Note: A: Thalli; B: Spores.
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ALESE; 1S 1% 7% AL AR 33 rp 4 A 1 E
WHKGER 4).

2.5.3 16S rRNA EEFFNE & 57 #7: Bk 11B91
) 16S rRNA K 7414245 5] GenBank HHa e, %
S5 KM873228, {i#i ]l BLASTn A&/ iE4 AR LI

AR 16S IRNA JEA 551, FIH MEGA 5.05 >R H]
Neighbor-Joining 731 /5 IA A6 H R 58 & & #EAEA . >k
BT iE Ay maE 11B91 5 Bacllus
amyloliquefaciens — 310 100% (K 5), A=HiA:{k
TR S ZARSE, BrLCKE 11BO1 S8 M i i 25 4

HOX4387 , I GenBank Bk 52 [HASS  FF(Bacillus amyloliquefaciens).

£ 4 EEE 1B £IFE1k4E

Table 4 Physiological and biochemical characteristics of 11B91

WEFE bR ! W2 Fe

Ch{y;iftii:;ics HB91 E C}::Ii:jttaritiics HB91
Maltose : Melibiose
Arabinose E Rhamnose
Sorbitol : Phenylalanine -
Mannose - E Acetate -
Inositol = ' Gelatin liquefaction i
Esculoside & E Nitrate reduction +
B-Galactoside — ' V-P reaction +
Hydrogen sulfide - E Hippurate +
Gluconate - ! Amylolysis &
Citrate e : Anaerobic growth -
Arginine double hydrolysis = E Colony color A6
Catalase : Sodium chloride tolerance 7%
Sucrose E Colony surface St
Salicin + :

W o4 PR — BHMERIN; %: BEARAYE SRR .

Note: +: Positive reaction; —: Negative reaction; %: The highest concentration of sodium chloride the strain could endure.

11B91
Bacillus amyloliquefaciens NBRC 15535" (AB255669)
Bacillus vallismortis DSM11031" (AB021198)
Bacillus mojavensis IFO15718" (AB021191)
991 74\; Bacillus subtilis subsp. spizizenii NRRL B-23049" (AF074970)
71- Bacillus tequilensis 10b" (HQ223107)
Bacillus atrophaeus JCM 9070" (AB021181)
Bacillus aerius 24K" (AJ831843)

100 |:Bacillus sonorensis NRRL B-23154" (AF302118)
Bacillus safensis FO-036b" (AF234854)
100 _{ Bacillus aerophilus 28K" (AJ831844)

87

44

67

100

Bacillus altitudinis 41KF2b" (AJ831842)
Bacillus stratosphericus 41KF2a' (AJ831841)
Bacillus vietnamensis 15-1" (AB099708)

Bacillus acidicola 105-2" (AF547209)

Bacillus isabeliae CVS-8' (AM503357)

4‘—91{

—
0.005

&5 EH4HE 11B91 16S rRNA EF RS % Bt

Figure 5 Phylogenetic tree constructed from comparative analysis of 16S rRNA gene sequences
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2.6 Bk 11BI1 BIBEBRAEIEI R HIEE M
ZERITRUTTE . FBEARHR . e 78 A5 2 fg Mok

P2V 6.69 g, ZTEMEIRERIE SRR, Ao L

VX B G A ) wE A BB MRS (A 6).

2.7 ARIASHIHNEFEMN KEEEE ST
11B91 A AHIAE W 28 Pk R E A (B 751551 8 >

3 (nf1-nf8), ZETEMIREINE, Ho 45 nfs,

nf6. nf7 Fl nf8 X} H G5 ] & HAT BB AT
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