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A Pseudomonas strain SG3 producing biosurfactant and showing antifungal and insecticidal activities was
isolated from agricultural soil severely contaminated with machine oils. The antagonistic bacterium inhibited
mycelial growth of all of the tested fungal pathogens. The fermentation broth of SG3 also effectively
suppressed the development of various plant diseases including rice blast, tomato gray mold, tomato late
blight, wheat leaf rust, barley powdery mildew and red pepper anthracnose. An antifungal substance was
isolated from the fermentation broth of SG3 by ethyl acetate partitioning, silica gel column chromatography
and preparative HPLC under the guide of bioassay. The chemical structure of the antifungal substance was
determined to be rhamnolipid B by mass and NMR spectral analyses. The antifungal biosurfactant showed a
potent in vivo antifungal activity against gray mold and late blight on tomato plants. In addition, rhamnolipid
B inhibited mycelial growth of B. cinerea causing tomato gray mold and zoospore germination and mycelial
growth of P. infestans causing tomato late blight. Pseudomonas sp. SG3 producing rhamnolipid B could be
used as a new biocontrol agent for the control of plant diseases occurring on tomato plants.
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Pseudomonas< ol °]gt BEZQ WA o] =9 7%
£ AEZ (Chin 5, 1998), siderophore A2+ Handelsman
3} Parke, 1989), ¥:2]A ZH(Thomashow$} Weller, 1996) %
=434 (induced systemic resistance; Kamilova %,
2005) 5ol 2 4#A Uk 53] Pseudomonasss 2]
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(Phl), pyoluteorin(Plt) & B2 FAEZEC] 8 EYA
2] A EH A7 AETZA HkA|o o]-&5Fa }\\:}(Howell
3} Stipanovic, 1979, 1980; Weller®} Thomashow, 1993;
Thomashow &, 1997).

M+, &8, F3°]E2 glycolipid, lipopolysaccharides,
lipopeptides, lipoproteins, lipoaminoacids, monoglycerides,
diglycerides 5& ¥3}3} biosurfactantsS AJA+Helt}, o] &
T BAYO 2N glycerolS FH7FSE uwjR| oA AT
Pseudomonas aeruginosa®] A32¥1= biosurfactanf= rhamnose
¢} B-hydroxydecanoic acidE 2233t rhamnolipid2 573
= tH(Jarvis®} Johnson, 1949). Rhamnolipid= Pseudomonas
& H#9 \:].01:61- ZE0 93] B3 sE=ZH AAEE=
Zlo]l # &4 9l3(Lang¥} Wullbrandt, 1999), % oft
dEed B fskste] 54 wiiel g FEUL o
(Mulligan, 2005; Maier®} Soberén-Chavez, 2000). Stanghellini
<} Miller(1997)= rhamnolipid’t 74?1 Phytophthora2}
Pythiumol] 3+ S#2AS RISIR, HA P aeruginosa
T+ B57F A4sHE thamnolipid BE TFEsE 2] EW QA
o g A4S veRdE B olYE} in vivell A IF
W @o] ghA el thate] WA|EA o] gl BALE<S
th(Kim %, 2000).

2 ATl M e 717l Al LHE ARA ] ESF
AA 2|8 Pseudomonas sp. SG3 452 thst A&
ol 3t Pseudomonas sp. SG32| in vivo FHFAS %
Abe O, FRI#8d B4 8 A6 g 5
Aot F#EZ rhamnolipid B t}Fst 2] &EW | ojg v
AaIAE ZAFIA Pseudomonas sp. SG3 o2 VI =

A=A 9 7S BRlE.
EXCETTY

AR FF. ZIAE A L9 E A ESS
H¥ E 3 Pseudomonas sp. SG3E AHE-3199 T} SG3
TFE 20% glycerololl HE3le] —80°Col| RASIHA A
Yol o] &3ttt

Pseudomonas sp. SG3 T2 in vitro F7274. 871 <]
A=Al et SG3wFo] dAMES Al s =
A}8FS tHTable 1). Potato dextrose agar(PDA; Becton,
Dickinson and Company, Sparks, MD, USA)E 7] &1} A
2 ARESIAAL, 8mm A5 A EE LA dAME
E3el e agar plugE PDAMjRA] Q] d1&o] HE3IA
ot 3cm Jx= "HolR 3o Nutrient broth(NB; Becton,
Dickinson and Company, Sparks, MD, USA) HlJ X] o] A|
30°C, 150 rpmo 2 FIghufjfst ujekllol] A3t paper disc(8

Table 1. Inhibitory activity of Pseudomonas sp. SG3 against
mycelial growth of various fungal pathogens in dual plate assays

Fungal phytopathogen Diameter of inhibition zone (mm)

Alternaria panax 44+0.92°
Botrytis cinerea 15+25
Collectotrichum coccodes 7.8+1.3
Fusarium oxysporum 7.5+0.64
Magnaporthe oryzae 8.4+0.07
Phytophthora capsici 13+0.07
Rhizoctonia solani 8.5+0.07
Sclerotinia sclerotiorum 14+3.7

“Data represents the meanzstandard deviations of three replications.
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3ol (TGM, Botrytis cinerea), EVFIE <Y (TLB,
Phytophthora infestans), H.2] 37} (BPM, Erysiphe
graminis f. sp. hordei), q H-Z=W(WLR, Puccinia
recondita) 2 315 TR (RPA, Colletotrichum coccodes)
o] 77kA] AEH 3 in vivo FFEHAFE ZAEIITE
SG3dF+= tryptic soy broth(TSB; Becton, Dickinson and
Company, Sparks MD, USA)IA 3€7F 30°C, 150 rpmS
Z g & AHEGA Tween 20 250 pg/m/
o2 x3tete wiEF ddH 133844 S Azt of
ZTE 250 pg/ml FFEOE I FHTFE AR
o 22g g EZL acetone(HFTFE, 10%)0Z2 &

sigt & AHEA Tween 202 250 ug/m/ o2
gete SRl A olm 7= 10% acetone
3} 250 pg/mle] Tween 202 $H+5he= %-?r"ﬁé AR5
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25°Ce] 2ol 197 wfgate] B
Rt EvtE Yol EntE 3-4%7] &
off A Fgolg o] A< B. cinerea®] XA HEY
(106 spores/m/)S A2t &, 20°C<] Q/é]’b oA 37t ul

Fote] WS fEstth 2 HemHS 197] 89
%%ﬂ"ﬁﬂgi e FH o 'L?_]_ﬂ‘?_]_ P. recondita®)
XAE 250 ug/m/2] Tween 20 2l 0.67 g spores/S] ¥
o7 st & Akl 20°CY] FAHGNA s
Bt FAAYE F 20000 FAR KA 6U7F vigat
of IS Frsidith Bl A7 Bl 19971
Hol &5 AEoA Aduide S7bFH el A1l E
graminis f. sp. hordei®] EAE @olAx HE3IaL 20°C9]
FAol A 7L vieFete] WS fEsiith ¥ =Y
W, ¥ H25H, B VS H1E 7Y 5 W 9
FHEES JF 8Y ¥, 283 EvtE AYlEgo]
I EntE 9 JF 3¢ o ¥R Z
T}(James, 1971).

sk, 73 g gk HAgd AES HsiAe,
A& 7.0 cm—J ZolxE LEO Yo 8 HES 70%
= e & FHokd aF FAE AL, olF 24HolA
3~49 ]77]'7‘] 71 S A71elA FRlE SG3+ET2 Hi
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3133 th(James, 1971).
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A &FATE. Pseudomonas sp. SG3 45 TSB HIA A 3
A7+ 30°C, 150 rpm o2 5 /E vl Tk v (5 S
8000 rpm, 10 min, 4°C2 AR e]31] FA)9 Aol
E) ek E2E 4 A2 ethyl acetate, n-butanol =
Mz zZyz) 28] & 2 B3 51o] ethyl acetate FEE
n-butanol FEES UL, ©]= methanolE 25 mg/m/ &
52 &g v ¥ =Wl tiete] AEHAS A
Atk W =dw el e AR 7Y% 25°C,
150 rpm o2 PDB ®jA oA Hj et =EW A blender
£ o]&stq 107+ mhf g ‘jr~ ukafel-& PDA ul=| ol
1% HE3IL 2 505 Y3 petri disholl F3At}. =]
& 2 23|32 AF 8§ mm2| paper discoll Z}zte] £33 &
Mg 35w AL ARAZ T =do] FEH
HiA] f1of] A|7dsidtt. o] W FAle e SRt 35 pl A
2t A& o] &3HTh 25°ColA 3U7F wj et o
inhibition zoneS Z=AFSH3ATH.

I A3} ethyl acetate FEE(950 mg)o] A4S JERY
= g I8, o|2RE FH=AE FEst] 918t
o] chloroform:MeOH(95:5~1:1, v/v)= ZA/N&mj& d}=
silica gel column chromatography(2.4x40 cm, Kiesel gel
60, 230~400 mesh, 100 g: Merck)E A A3} T} |25 H
e &EAE TLC el w2t /=2 Estal =3t
of ¥ =gl e BEAAS AAeTh

2 A B4 JERl= FT3 B8 B8-S §81ed(593
mg, yellow), =781 GA15}7] $18ke] preparative HPLC
£ o] g3t} o] wl preparative HPLC 712 th2-3
Zt}; column: Capeell Pak C5(20 mmx250 mm), &5
wll: water:MeOH gradient solvent system, +2: 8 m//min,
AE9E: 210 nm. ©] FFZ F8to] 95 mge] £ =
A compound AE #-2|SF3ATH

28 =4 compound A®] FEE XALE] 91351
oS3 728 A0 E HPLC 48 A3 column:
Cosmosil Ci5(150 mmx4.6 mm), 8281 : water:acetonitrile+

0.1% trifluoroacetic acid gradient solvent system, <

1 m/min, Y 10 u, AZ34: 210 nm.
717184, 8T E49 Fx2E T4 flst] 2

FA g APl AAsInh A Agilent/
HP1100 Series(G1946D) liquid chromatograph/mass selective
detector(Agilent, USA)E ©]-&3}o] &o]2 electrospray
ionization mode® #2413} t}. 'TH-NMR, '*C-NMR, DEPT
135°, '"H-'"H COSY ¥ 'H-"C COSY 2= E7 L2 Bruker
AMX-500 SR}7 158549 7](500 MHz; Rheistteten, Germany)
£ o]&3t A a3t

Rhamnolipid B2 in vitro 371784, Rhamnolipid B



Rhamnolipid Bl ©]8t Enle Adlgsgo|sz} gue] Ax| gz} 225

in vivo EAAANA 77HA] AEW T B. cinerea®l
EntE AU FFo|y 3} P oinfestansel o3 EntE
| =2 WAEHRE Btk b ol F 7HA] 4
| et a37F W] EApgol Ao og A
b FAMS Al eJgk AR E 5] 9
sto] 7 A=t Aol #AMS A8 2AE
ZAbsked T
Rhamnolipid B] 22} o} A a345 XA ¢
o] EulE AU F3Fo|HRl B cinerea?t EVIE 9H
2 P infestansE AHE3FI T Rhamnolipid BE W #H-
o 0.27, 0.74, 2.23, 6.67, 20 mg/m/ +FO. & &38| 5T}
B. cinerear= PDAC] F&3 3 20°C 7)ol 747
wjeFste] P E FAXAE B2 78 F 10° spore/
m/Oo 2 FAS tF 1.5 wE 150 wel PDB wix|e} &3t
3} Tth P infestans= oat meal agar(OMA; Becton,
Dickinson and Company, Sparks, MD, USA) 8j#]ol] {3
F- 20°C F27]olA 747 v & fFAhdS Fee)
o] 5><105 zoosporangia/ml&i gro] 4A17F FF W H
) A= PDB Wi 2} &3H3F th. Rhamnolipid B
= zl%— F57) 7b2; 2.7, 7.4, 22.3, 66.7, 200 pg/mio] &
= sk wljA]ol] H7Fsk T2 hole slide grass
-E‘—Zrﬁ‘]— AT} Hole slide glassE +&*12]¥ &
el ¥ T 20°CollA 24A17F F3F wl kg
= 2:‘4_“]733]'01]/‘1 F2} dolgS ARSItk =
oy WA AR-E3L 1= fludioxonil®h
ErtE o8 WA ARE-E|E= streptomycin sulfateS &Y
g =R At A 7o & T e R
AAsEATE Wofto] 2} o] 2uf ool & wj W
QteEl o= ST
Rhamnolipid B®] +#AF A7 o] &35 xAbstr] €
3led PDA ®iA]ol] W EHE-o] 833 rhamnolipid BE
2 %7} 247} 27, 74, 223, 66.7, 200 pgmlo] HEE
A7¥ste] &3 viAE TSI PDA vjA| oA 597 2;
& B. cinerea®} P infestans %2 AXHF-21E 47 S mm
o #AF AHE dojue] Edo] 3 wiR ] FYol
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streptomycin sulfateE ol A<} 7+
WS 20°CoA wiget & #A] AA S &

AL 7] & & ko2 A3

Ez Aelstan,
z Bsract.
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In vitro ¥7E24 AA.  Pseudomonas sp. SG3 dT2]
874 A& Aol 3 in vio FTBA S HA Y
W o g ZALS A3}, Table 13} 7o) YElstt) SG3 o
Fe Age RE AEE A diste] A SA S
AE BAou, i AEH A wet @40 = xpolE
B AY. B. cinerea, Phytophthora capsici 2 Sclerotinia
sclerotiorumoll+= V02 73et SFEdS 2
Fusarium oxysporum, C. coccodes 2 M. oryzae® 3|4
= 7T 84S BAY. Alternaria panax® W 1A
71 okt &8 Bt o9 o] SG3HT= v
Heg dAEHERS B

In vivo 37374 7{:‘;‘6] SG3 w9 wWiFNS A=}
132 gAste] v =G4, B dZPFHnaH, EvtE o
W, EvtE X/Hw:‘l%oltﬂ 9 H254, 1] AV 3

A gAe] 77EA A=l ke in vivo
ARG ANsGTh 1 A3 SG3 @5 wigee] A9
183 714 25Tl ¥ dFFH e S AL =
€ AEY tiste] 70% olde] =2 WAEAES B
CHTable 2). 53] ErkE gzt B A== 90%
ool w2 WAEAAS Hole ALo=E YER v g
zfﬂ A= ¥ =9, BEvlE

1 i xnt 80% oSl w& &

ol tialA = 40% ode] W

3L, R. solani,

o r 7

rlo ox WE I

>

gt £22] vv*i] U 32 FA-.  Pseudomonas sp. SG3
+F9] Aol H ol E FEEZHE E23$ compound
A9l 25 A3 95k LC-MS #41& AAsE 2

Table 2. Disease control value of the fermentation broth of Pseudomonas sp. SG3 against 7 plant diseases

Dilution Control value (%)*
Sample
factor RCB RSB TGM TLB WLR BPM RPA
SG3 1-fold 87 +7.0° 17+7.8 75+0.0 97+0.0 80+0.0 90+0.0 70£7.0
3-fold 83+35 28+7.8 8118 93+23 20+0.0 80+4.7 38+17.6

*RCB, rice blast (Magnaporthe oryzae); RSB, rice sheath blight (Rhizoctonia solani); TGM, tomato gray mold (Botrytis cinerea), TLB, tomato
late blight (Phytophthora infestans); WLR, wheat leaf rust (Puccinia recondita); BPM, barley powdery mildew (Erysiphe graminis f. sp. hordei);

RPA, red pepper anthracnose (Colletotrichum coccodes).
Data represents the mean+standard deviations of two replications.
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Table 3. NMR data of thamnolipid B o]
Carbon d¢ Proton Ou 0 —CH —CH, _lcl — O0—CH — CH, —COOH
C-1 104.40 H-l 494 L o |
c2 80.71 H2 3.79 3/ (CHake (CHale
C3 - H-3 - OH o CHa CHy
C4 B H-4 B o f— O
C-5 70.42 H-5 3.74 CHy
C-6 18.23 H-6 1.29
C-7 99.13 H-7 497 OH OH
C38 72.00 H-8 3.79 Fig. 1. Chemical structure of rhamnolipid B isolated from
C9 2 H-9 a Pseudomonas sp. SG3.
C-10 A H-10 A
C-11 7030 H-11 3.70 = Fig. 1).
Cc-12 18.19 TRD) 129 Rhamnolipid®l &= rhamnose 3F4+Q]1  monorhamnolipid
C.13 75.30 H-13 4.12 (thamnolipid 1)} rhamnose’} F 70<Q]  dirhamnolipid
C-14 41.40 H-14 2.60 (thamnolipid 2)7} 1}, Monorhamnolipid®] £ dirhamnolipid
C-15 172.72 No proton ol HE F /MY AWAE A =, F R A
C-16 25.97 H-16 1.60 Wb F shyE 2% B-hydroxydecanoic acido| ™, tf&
C-16'(CH2) 34.24 H-16'(CH2) 1.36 3}y B-hydroxydecanoic acid®] A4 B-hydroxy group=
C-16"(CH3) 14.60 H-16"(CH3) 0.95 7FA 12:0, 12:1, 1222 == 8:29%1 A uHito] 7| % &t}
C-17 72.80 H-17 532 Rhamnolipid B] 7-¢- dirhamnolipid®]™, = 7§¢] A%
CI8 40.71 H-18 251 Abo] BE FU3F B-hydroxydecanoic acidZ 1A= o] U
C-19 175.32 No proton THFig. 1).
€20 26.39 H-20 167 Rhamnolipid B®] in vivo 384 A,  Pseudomonas
CR0(CH) a4 H20(CH) 136 sp. SG3% ] 23 rhamnolipid B in vivo &#&
C-20"(CH3) 14.60 H-20"(CH3) 0.95

*Not identified due to the complicated peaks.

I [M+H]™ ©]&°] m/z 649.504 YER} Expeko] 6502
2 FAHA

Compound A®] At F2E5 gRIsl7] 9lste] 'H-NMR
3 PC-NMR % t}eFet =90 NMRE 4 23}, Table
33 o]l AUt NMR datas w33} v|w3sk A3}
o]l Yamaguchi 5(1976)°] X323+ rhamnolipid B2} &
2 ete Ao 2 YEl T mEbA compound AT AR
0] CyHs3015013L, EAFEo] 650%] rhamnolipid B2 573

s ZANEE) flete] SkellA Msdh 771 A=Wl o
ste] WA EAd H3-S F33k% k. Rhamnolipid B &
ntE AElgol Al tial 500 pg/m/ Tl A 2zt
7} 86%9} 93%2] WAIEd S B, 250 ug/ml Sl
N5 747h 83%9) 92%9] Eo WA 89S H.GITHTable
4). SG3 v e] in vivo FHFHEHI} Hw e o @
& zol7h Btk S ujgd o] Afole B =E9H A E
U]'E a9 9 B VR tiete] 2 WAERE
HS, EnfE AHEFFo]

itﬂ"ﬂ i = F7F
rhamnolipid B= EFlE

Table 4. In vivo antifungal activity of rhamnolipid B isolated from Pseudomonas sp. SG3 against 7 plant diseases

Conc. Control value (%)"
Sample
(ng/ml) RCB RSB TGM TLB WLR BPM RPA
o 500 0+0.0°  25+7.0 86+3.5 93+2.3 3+4.7 0£0.0 11+£17.6
Rhamnolipid B
250 13+17.6  20+0.0 83+0.0 92+4.6 3+4.7 0£0.0 11+14.1

"RCB, rice blast (Magnaporthe oryzae); RSB, rice sheath blight (Rhizoctonia solani); TGM, tomato gray mold (Botrytis cinerea), TLB, tomato
late blight (Phytophthora infestans); WLR, wheat leaf rust (Puccinia recondita); BPM, barley powdery mildew (Erysiphe graminis f. sp. hordei),

RPA, red pepper anthracnose (Colletotrichum coccodes).
"Data represents the meanzstandard deviations of two replications.
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el et =2 A8 BATE o= Pseudomonas sp. SG3
77} rhamnolipid B ¢]ol| tt& =4S AL 7}
0] JEIT viFA Al rthamonolipid BS] &4
TS A tE 2ol e AeE FAH.

sk, 2] 5(2000)> P aeruginosa BSHT+Z5-E 2]
g+ rhamnolipid B7} 325 ¥ 3 Qo] Bl s}
2 PARHE BT &3t AN 2 AolA =
C. coccodes®l| 23t 1F @A Ho= o WA HE H
Atk ol g ol FEFH] Tk, WHIA, ofA Az
2 HE WH 59 Aol T oY 7HA Al st
ztol7t MAslh= Ao R A7V 3 WAL P capsici
o} sk Yol &3 P infestans©l 23] @3}
= EvlE d¥de 2 WAaRE B

Rhamnolipid B9] in vitro A FZA. In vivo =7
Aol A rthamnolipid B= EFIE AL FFo|Hi EulE
Ao sty w2 WARHAE BT WA olE F
7HAl A=+ B. cinerea®} P. infestans®] EA} ole}
A 3t rhamnolipid BY] S35 FAlSIiTh 2

Botrvtis cinerea ORhamnolipid B
A§ B Fludioxonil
€ 100
E
o 80 1
el
3
2 60
Gt
=]
g 40
2
= 20 A
S
X
O -
2.7 7.4 223 66.7 200

Concentration (pg/me)

ZA 3}, rhamnolipid B P infestans®] EAFLOLE T 2oF
Al streptomycin sulfatex} FAFSH A== A 3H3A thH(Fig.
2). o|9t= @] B. cinerea®] EAEIolol= Ao E4 &
HolA] exgtrt.

T AEH AT #AME] tgt thamnolipid BS] &
5 ARG 23, Fig 39 Zo| YEtwo. 2 23
rhamnolipid B= X2AFgolel= 2] B. cinerea dA S
o daire B4S BT 222 ugmllME 40%, 66.7
ug/mio A= 83%, 123 200 pg/ml s 100% T2
2 AAMES A o] ¢ o] yERE] wet
rhamnolipid B&= ErIE AdlaFolwy kAo lojr] =
Aotz obd AP SRS Ao wA WAEHRE U
ERdS & 4 AT A, rhamnolipid Bi= P infestnas
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Fig. 2. Inhibitory activity of rhamnolipid B against spore germination of Botrytis cinerea and Phytophthora infestans.
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