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W OE: (8] AR B F3MEABRERAN AR T REEEAGEN . 2Ll fody
HiEE, [F%] RALPR. B PRBATEREERNZEAFOS>E, Adeb BTk @
B E; Bad A B A fbdF b Fe 16S IDNA F 2 ARk ozt BS1 B ARSEAT I 2,

AR sfidERE A LA K JOTFTEH R BT HL ORI ERN AR LA EE. [4R]
I b TR L3R P B B0 BST BT S AREENA, EokFHfa LB THRERE R
(Pseudomonas sp.). BS1 #4k. X B L. L MMMt 12 AR R A B H R E —
TP HEIMER . BS1 B4k, &R B bRt K 298 # (Phytophthora sojae) #9474 £ & K, &
Hi£ 3] 65.31%A= 95.93%. KB LA AR YAk I AEARLAEK. RTEHR. 0T
A FFH X RmBRBGEFTAK, HB 20 60948 ELFRIRA LA P D GITEEA.
BS1 Ak = 24 0948 & e i 3 K 2 4 1 (Sclerotinia sclerotiorum) g 47 i 2 R & 45, 74 %
A5 84.25%. [4:+6) BS1 BHRAE = A R & EWA M E R, ELAEMGEERARTD.
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Abstract: [Objective] The objective of this study was to examine the production of biosur-
factant, taxonomic position and antifungal activity of the strain BS1. [Methods] Biosurfac-
tant-producing bacterium was isolated by hemolytic activity assay on blood agar plates and
hydrolyzing oil activity estimation on oil agar plates. Qil spreading method was used to assay
surface activity. The strain BS1 was indentified according to morphological features, physio-
logical and biochemical characteristics and 16S rDNA sequences of the strain. Antifungal ac-
tivity was tested by dual-culture method and the inhibiting effect on the the mycelium growth,
sporagium formation and spore germination. [Results] The strain BS1 of producing biosurfac-
tant, isolated from the petroleum-polluted soil, was indentified as Pseudomonas sp.. The strain
BS1, fermentation supernatant and the volatile compounds (VCs) exhibited inhibition activity
on 12 kinds of plant pathogenic fungis. The strain BS1 and fermentation supernatant displayed
significant inhibition to the Phytophthora sojae, the inhibitory rate was 65.31% and 95.93%,
respectively. The fermentation supernatant of BS1 inhibited the growth of Phytophthora sojae
by inhibiting mycelium growth, sporagium formation and spore germination, which had also
remarkable inhibition even if it was diluted 20 times with pure water. VCs produced by strain
BS1 had notable inhibiting effect against Sclerotinia sclerotiorum, and its inhibitory rate was
84.25%. [Conclusion] The strain BS1 can produce surfactant and has the potential biocontrol.

Keywords: Biosurfactant, Antifungal activity, Phytophthora sojae, Sclerotinia sclerotiorum
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1.1 ikt

TIEREN R B R AE e 38, BTy
e UAZ2 sSRA I SR G B3 4 00 s
)2 1(3 cm—10 cm).
1.2 #HiAmEER

A I LR (R 1) B BT — R B K
AP B N FH A IS BT At
1.3 EHE

BN FRIES MOCHER[13]; IR SR I 1 97 A
FNIST-AR 3 772 562 RSk [214]

RIS AR A A I R A
FrIE B SR

LA A AR IR L (PDA) . D48 BB,
Fr 5L (PSA) R4 R F # H R 35 7= B n L 1l = IR
SCHR[15], #HE b I AE 3G 77 25 (CA) I e il = IR
ik [16].
1.4 FEREGEEFIEKRGIE
141 EEEF: WG gTF, B TEAE100 mL
AR IEY250 mLY = MR R 57 (37 °C.
180 r/min), 5-7 dJE R ARVE MRS SR Y HED% 1) 4
Pt 42 B 5 AR I IR B P AR B AR B FR3IR
1.4.2 MFARGEIE: T2 ER ] 2040
S FF RO 2T 28 S B LB, PR bR i S A
EEIEAT F T G AR A T A ) 10,1 mL
1 SRR T B #2437 °ClH
ER R TP FR -2 dEBUE, WERSA R
PG, 5  WR 7 A W R v PR P R o
1.4.3 GRTARGEIE: SRR T R T
FRU P A T A AR g P K L3 I ) BT
VRTINS IR I, 37 °CHiFR3-4 d, Ko
THF-AR TR BT B P TR 7 A T R TR 1 0, R
FEARGE— 2B B 5E
1.5 BHEAREEMEFIEEDNE

PR H ST 7 25 S R e e 7 1B A 1) %

TGP AL T, TR P T AR AP 5
Rk 7 2 T T 750 e 2 AT 90 e 1. 40 K
A 14 77 3 TR O P ) TR R 0 Al 35 3 JS R T e T
Frgiglrh 37 °C 180 r/mindiFi4 d, 2 HRSCHR[12]
5, SR FHHE v Pl 0000 2 e e AR T 2R 1T 9 e
DAHE v P ELAR /DN LU 205 A R 1 7 32 T 3 2 9D g
77, TR AR
1.6 BSIE#RAIEIEA £LIEFA16S rDNARY
PCRI &R E 55 h

Az AR AR S BG T 1A S L SCHk[20] . I AR
PRI R MDNA, 165 IDNAJTFI (4 14 %
FHANE 51 #)27F: 5-AGAGTTTGATCCTGGC
TCAG-3"; 1492R: 5'-GGCTACCTTGTTACGACT
T-3'. PCRIV AT M: 94 °C 5 min; 92 °C 1 min,
50 °C 1 min, 72 °C 2 min, 30/ME#; 72 °C 5 min,

PCR™ ¥ i J TIANGEN Byt lis 5 55 i DNA [
WO gtk mlli . 4lifb )5 WPCR™ Y g
Py TRERARAT FR S w58 G 7 o AR 5 445
ENCBI P 5 b i 47 B XF, fif FH Clustaw Al
MEGA 4.0 ¥Hi#47 £ 5 % F /34, HINeighbor-
Joining M5 A4 EE R GE ALY
1.7 BSLE#INE &N E
1.7.1 BSIEBRINEIEME: R AR 727500
BSLE RN G . 7EPDA. PSA. CAY-HH
DAY R A B PH(E A5 mm), POJE2 cm 4k
FEBSTAMEEVH(EAS mm), 25 [N IR A4EBSLA
PREYE, 25 °CHEFRAET IR, 25 FIx K
UL S 2 -k P L7 TR PRI 7 LA, THARLATIRI R

Xif A T VK LA — AL BRIR VR HAR

WO~ e T
1.7.2 BSlE#R & B LIFRH & & EANEF N
T BRI MR P A B BS LIS AL 85 77 5 A0 T
247130 mL&kBEREFRFER250 mL=FfT, &
T30 °C. 180 r/miniy 4k 3 F5 4 5774 dfs,
KEEK T4 °C. 10 000 r/minE.>20 min, ik
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F220.2 umPERET IR, RIS R L TE W

FHRT B 22 A K B 2R P 22 BSL bk & 1
ISR . % 25 mL &R EIE W
AFEHIZE 45 °C 24719 100 mL PDA PSA, CA
B R TR A R B ARG FR L, BRI 15 mL,
DI S ik T SR 3L A Ab B X R Ry R ke
[, B L I B U (AR 5 mm)EeRh 214
Hige, 25 °C 15 9%, A 3. YN A E KN
FRILEY, FH5258 ORI R TE EAR, #2171
AR,
1.7.3 BSIE#HZEAMMRINEFMENE: BS1
TR R A A 00 O O R 3 e U SR P S ARG S T
R B AR BS LR AT RN T4 A 2 A AR
o Kb DR BB B R (ELAR 5 mm)EJPDA
PSA. CAV- M s F7E CL 1R Al AR BS 1RSSR ML,
FH & OB B PR IR 4% T AL, B F25 °ClEIR

o AEXIRPE 22 KB FR UG, 528 SOk i
AP TS B, %1700 A R H R,
1.8 BSIEMRAE: LFEXN K2 REERIHIH
1ER

1.8.1 BSlEMAELERMASRERLEK
BIRLNE: K ARl Y BS1 BERE A& T - I W A2
B HIZE 45 °C A7 E B CA R IR IE v, iR 3R 5L
o R A T UE R o R B2 10, 20, 30, 40,
50. 100 f%, MGHIRSIEI . FHERILHIE,
P BN 5 mm 9 KGR R B B DR T Al
e, AR 792 2 T TR P 1 R T L W VR
WALFR . 43| DASE e I 28 1 R R A R T
IEWCA I, MRS 3 IR, DI 2K
PRI ] 2R3 2 T AR K TR AR PO AT T A AL
1.8.2 BSl1EMAB LFRM XS RSB TFER
FLARTE FHE A RIS S HESCHR [24100 J7 ik il 45
W shl T2 IF T BSL WPk A B L I TR e S i
F% 10, 20, 30. 40, 50. 100 f5AYH BRI K&
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ArIMTE Y T RE A B 2 10RR EA 7= 2 1 1 M 79 Y
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PRHEMPE B4R 15506.4 e KBS, BSLIEEA
MRS (K1), v AR E AR (812), BAT
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Bl EHEBSL7EM TR LB AYIA Bk
Fig. 1 Hemolytic zone formed by strain BS1 on blood
agar plate

El2 EHRBSLTEM TR L7 AL AR SR B
Fig. 2 Hydrolyzing oil spot formed by strain BS1 on oil
agar plate
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Fig. 3 Degreasing activity of fermentation broth

22 EMBSIHEAEREBENETE

BS1pE k- A 5 77 10 T 7 = A M RDE, A
B, FLEE, GRS, W PmiEE, R,
K/N0.6 pmx2.2 pm, FiE[RYLE L VP, 1
WEAZ A EIPE, LI (MLRY) . FEfll . B
WAL . EFRERIAJF RN FHPE, AN7=H,S, i

WEREE IR, ReR BRI, AReKMER
23 16SIDNA FIIMNERRFELZE P

¥ PkBS1 16S rDNA ¥ %1 #2 22 GenBank
B P (8 57 5-GQ281048), ZBLASTF 4%t L,
T 1 AR A rh BT AC SR (Y LR 4l T 1 )5 5 A
ERELFWM(KY)., B4RV FEHKRBSLY
Pseudomonas sp. i 4 KRl . 45 A AR LR
fiE . BRI T IE SRR — 2D 0 X A MR AE
r2EE A g TR R A R JE (Pseudomonas sp.) .
2.4 BS1EFk. ABE LIERFAELMEY BRI H
Rm R EE & 24 KR EIE A

ST IR 15 979 000 72 1) BS LT M B 16 vk b HE
Wb 35 VR 2 W ko L2 R e 4 s I L TR
IEVE IS 1, BSLE RN R T EEhR 4
KRG TRAZIGTR B 25 T A 4 iV T34
TR FE60% A 47 . BSTE bR & 8 I Ok
P R I A R T 1595.93%, X thEA 2 LR
L AR R I R RO, i 2R3

Pseudomonas sp. S-I1S-8 (FJ529034.1)

64 [ Pseudomonas sp. PH-03 (AY091598.2)

I~
W

Pseudomonas sp. NJU002 (AY339888.1)

Pseudomonas-sp- BFXI-8-(EU013945- D
43 Pseudomonas sp. Ben-1 (EF028120.1)
64 Pseudomonas sp. Pi 3-62 (AB365063.1)

53 Pseudomonas sp. J7 (EU099375.1)

BS1

561 Pseudomonas fluorescens strain VH060479 (AY730552.1)
Pseudomonas antarctica (FM955872.1)
| Pseudomonas extremaustralis (AJ583501.3)
p Pseudomonas poae strain BIHB 730 (DQ536513.1)
93 Pseudomonas trivialis strain BIHB 747 (DQ536517.1)
—
0.000 5

El4 HE#KBS1AY16S rDNAZR Ltk it
Fig. 4 Phylogenetic tree of derived from 16S rDNA sequence of strain BS1
Note: Numbers in parentheses represent the sequences’ accession number in GenBank. Numbers at the nodes indicate the bootstrap
values on Neighbor-Joining analysis of 1 000 resampled data sets. Bar: 0.005 represent sequence divergence.
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489.34%7171.85% ., BSLEM MR A M A YR T3 I 1 A3 A —E I/, B
XK LA B B AR R 4y, TR 84.25%; USRI, IRz HE iR (2). FikE20
X 7 A I o TR RN 22 AR R TR I RBOCR I RO AR BT BON R 224K TR sl

2, iR 551 4 68.82%41156.53%, B & B9 400 i 48 43 50 3k 31 69.42% . 69.04% Al
25 BSIE#MABELERMATEEE S 59.17%. RWIBSLEMR AR L RS E S K
K. fAFERRINEFIEAX RN CRERFREZNERK . FRGIEA. TR

BSIR MR A B FIFWXT KGR W2 AK . AR GRS IER ER AT .
#*1 BSl1EW. 4%ELFRMEREMENFRERERZEKIFEER

Table 1 Inhibition activity of strain BS1, supernatant and VVCs on experimental pathogen fungal mycelium

— XTI KBRS R
Pathogenic fungi Inhibito_ry rate _of confronting Inhibitory rate of Inhibitory rate of VCs
incubation (%) supernatant (%) (%)
T F R E Alternaria solani 53.38 71.85 33.37
LA BLei5 T Alternaria solani 41.41 89.34 37.07
/NAZHRJEJRTEE Bipolaris sorokiniana 46.49 29.90 10.69
Foi JKELIR T Botrytis cinerea 59.96 22.20 68.82
1P K2 % 1A Cytospora chrysosperm 34.62 44.08 49.58
/NZZ RFESRTE Fusarium graminearum 30.74 47.54 56.53
HH AL ZEIR I Fusarium oxysporum 14.88 54.16 20.09
KEFEFHGH Phytophthora sojae 65.31 95.93 33.76
JKAEREIESR I Pyricularia grisea Cav 38.39 5.51 19.64
JKRESUR R Rhizoctonia solani 47.34 48.71 27.13
KEHJEJRE Rhizoctonia solani 40.70 48.90 43.88
KIZH %% Sclerotinia sclerotiorum 60.56 50.35 84.25

*2 BSIEMAELERNAXERSRLEK. BFERMIRFHLIEER

Table 2 Inhibition of supernatant from strain BS1 on the mycelium growth, sporagium for
mation and spore germination of Phytophthora sojae

2R SIS 320 R
R Mycelium growth Sporagium formation Spore germination
+ e s S TS
(K W% EHAE (U 3 TR
Dilution ~ COlony diameter i Sporagium number il Spore germination ikl
multiple (cm) Inhibition (ind) Inhibition rate (%) Inhibition
X R Ab3E rate (%) papit Ab3E rate (%) papit Ab3E rate (%)
CK  Treatment CK Treatment CK Treatment
JEB
Stock 4.25 0.58 95.93 317.00 0.00 100.00 92.50 0.00 100.00
solution
10 4.09 1.33 81.12 319.33 60.67 81.00 92.00 31.33 68.50
20 4.13 1.76 69.42 319.77 99.00 69.04 92.33 40.67 59.17
30 421 2.35 51.33 319.77 155.67 51.32 92.50 68.17 31.83
40 4.24 2.81 35.57 320.00 206.33 35.52 92.83 77.00 23.00
50 4.29 3.43 22.05 319.77 249.33 22.03 92.83 85.33 13.67
100 434 3.89 10.95 319.33 285.00 10.75 93.33 90.17 9.83
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7 2R TH I R AR ) K BORT 43 32 —
e A% DL B R AR S ik IR 0y A,
Corynebacterium sp.; — 252 LK VA1 IS ) h itk
TREYHAEY), nBacillus sp.; 55 —J8n] Ibeke K
VPRI A i, dnPesudomonas sp.%,
HiPesudomonas sp.7E H AR FL A b dse) ™, {HAEr
FT RGP A FhIEENAR AT A5 AR DA 3
15 G R Rt — bR HEM P B AR 1A6.4 cmiry R
TG PR P2 A TR BS1, BB MEE . A HA: fb Ry
P E £ 16S rDNAJFFIINE 5341, #1254 BS1
J& T Pseudomonas sp.. 57 & BBS1E R
FEHA RIS YERIA R RS, HCRAR . R R
P M Ik 120 A i D L B 38 3 B AN [
FEEE BO4MEI/EH, HohBSIEbRAwifA  ACi ™
¥) %+ Phytophthora sojae &% H: # & ¥ ¥ it %t
Botrytis cinereafll il {E FH 4 i o (H A B VE FH 4
B BSUCH ™ A By R G PR, 2k T
YT, WY R A B AL A
— WA .

Joshi 258 % B T Bacillus subtilis HA
(v i 7 A= 2R T 37 P ) AT ) L R B R, A
R e 2SR W B R FE AT DA R R U/ Ak 3% T T
PEFIFIA B F A FHEE . NielsenZ: P o8 0 77 4
Z T P55 Y Pseudomonas fluorescens A9 T {4 K
I B2 I X Pythium ultimumAIRhizoctonia so-
lani g Bt AT A . 25 PRI oy R WA
FZF AT R PR BAB-1RE A% 7 A= g IR ZE ) Joa 4%
AT, I HX PR B B A 5 s A 1 TR T
Peo A EARGE XU E FAUSC T PERT 58 500 T
P AR R M) o W A B A
77T, ABFSERIBSIERIOTEIR . KB [T
W R O GR 84 JE R IR B A AN
IR IRIVE R, BB BSLIE MR B AT AWy i

IS o

BS1 WRkRYBIAR A MEW B A LI
Xt AN TR 3 B L B P TSR ANTRD, TREE Hh
N IR L T PR S T R
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