Korean J. Soil Sci. Fert. Vol. 43, No.

L)& w3 (Brassica campestris L.)S B|Z38t Ax}3}
I} (Cruciferae) ZH&Eof 713 e H3|E F=

JHrEFH]| 7 5}13]%] 43 5%
5, 659-666 (2010) H&

Lysobacter antibioticus HS124E 0|&5t HiE==L}4)
(Plutella xylostella L.)2| MZstA iy

=) =S MS o M1 A *
LME - 018N - 0|AN - 2T - ENH - WM. YolS - s - YUS
_ |
Aot syl () Fau)

Biological Control of Diamondback Moth (Plutella xylostella 1..) by
Lysobacter antibioticus HS124
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Lysobacter antibioticus HS124 was isolated from rhizosphere soil in previous experiments, which produced lytic
enzymes such as chitinase, gelatinase, lipase and protease. In addition, HS124 released an antibiotic compound,
4-hydroxyphenylacetic acid (4-HPAA). When larvae of P. xylostella was treated with HS124 culture broth, its
body was destroyed, and degraded with the increase of incubation time, yielding glycine which was detected from
HS124 culture broth. When 4-HPAA produced from HS124 was sprayed, larvae mortality increased with
increasing concentration of 4-HPAA. When HS124 culture supplemented with Tween 80 was sprayed, its
insecticidal activity against larvae was approximately 1.4 times higher compared to the culture without Tween 80.
Insecticide (IS), HS124 culture broth (HS124), Magic-pi (MP) and HS124 culture broth+Magic-pi (HS124+MP)
were each treated against larvae of P. xylostella to investigate their insecticidal effect where sterile diluted water
(SDW) was used as a control. The highest mortality of larvae was found in HS124+MP, followed by IS, MP,
HS124 and SDW respectively. Mortality of larvae in HS124 was 31% higher than that in SDW, but 41% lower
than that in HS124+MP, meaning that both enzymes and antibiotics produced from HS124 may synergistically
act as active agents with plant extract containing neem oil and turmeric in HS124+MP treatment. These results
suggested that L. antibioticus HS124 together with plant extract can be one of candidates for biocontrol agents
against Plutella xylostella.
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=2 (§—endotoxin)E HH|3IY] 3|2 ZQItty Bl
3199tk Yoon et al, (1998)2 W7l (Beauveria bassiana)
o EARELS WrEE 50l Aele A3 2z
8 A2 el vmslel AEEol s4% 7o
thal B skl

NEZEES o183 S50l WAGIE JEHOR neem
oilo] A& Qtk Neem oil2 Y U Al (Azadirachta
indica A, juss, Meliaceae)® FEZEZH FAEL
azadirachtin &2 A% o] Qi1 ojofel WAL Al
S AAIl= Aoz BTt (Butterworth and
Morgan, 1968). SFH azadirachtin¥} terpenoidsE &
AL Qli= Meliaceatol| &3+ W& 2R 345 59
AAAA a7E vkal S A ok (Hwang et al.,
2009).

2|2 Han and Kim (1999)2 lytic enzymed} 33§
208 BAol AL Pl AYTFE ol )
sipre] RS WA} hseita Basisc o
F24 A=Y Lysobacter sp.= 74 7H
=73 vte|glot= A thFEt lytic enzymes®}
H|sto] AlE HUAd H30lE oAsL
= At e S FAAT=
2t} (Christensen and Cook, 1978).
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capsici, Fusarium oxysporum f, sp lycopesici, Pythium
aphanidermatum 2 Rhizoctonia solanis A5}
£3) w3 AWFU P capsicio] AEHL wpushect
(Ko et al., 2009), E3F HS124+= collagenase, lipase,
gelatinase ¥ proteaseE AYAJslo] 11tu} M|s A
o] §%-= Haliste] HARAHTE (Lee, 2010). ©]2f3h A3
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Lysobacter antibioticus HS1242| 22| & S™ A
o URACeld AT Be F RolS ARE AR
Slich EoF 10 g S84 90 mLol Weska, of et
NS 10 7hA] WeR B4R F chitin agard]X] (0.5%
colloidal chitin, 0.2% NaHPO4, 0.1% KHyPO4, 0.5%
NaCl, 0.1% NH,CI, 0.05% MgSO, - THyO, 0.05% CaCl,
2H,0, 0.05% yeast extract, 2% agar % pH 7)o =

do

BEZLEE AL alFE 93 Adtisia
W 2% BR 9 A AR WEEY (Patella
xylostella) §5-& B9 ol AMGSITh WiEEL £
%2 A& AL (40 X 40 X 35 cm) QtollA o] i3
o wol2 sto] Aoy steict MOEEAS £ 25 &
C, 3=F7116 : 8 (L : D), AYE=E (RH) 40~60%
2 gAstdch o A% AFS 109 HYERS Holw
sfo] Alghe fEsty FokE 3~47e] §3L A

AR5} (Jeong et al,, 2007).
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el B (R, @), 0,1% BR (21-17-17, ¢
s5keh, 815), 0.003% FeCls - 6H,0 2 0.003% yeast
extract, pH 7.0)o|4x] 547t w3t L, antibioticus
HSL24 djoolg wlaELh fEol ARESIe) viorol
2 Aejd 24, 48 2 T2 U2OE 935S A5}
o] slide grass Yol &&=3l 50% glycerol¥} paraffin
o2 AR T AAERF (SZX 16, Olympus)¥t ]
Al8u)7 (BX 41, Olympus)S o]&3}e] §-329u|9]
FeE TRk ¥ e AAERES 1200,
AV gAAT -2 40082 SFAT
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HS1249| cell growth@} SAEMM  HS1249] cell
growths 24s}7] €8 250 mL AZFEeAT0] 150 mL
9] LB (Luria—Bertani) HA|EfAES @11 121°C o A]
1587 Hatdt & L antibioticus HS1245 &Es|al
O|1Z 24AI7F 7HA o2 547t Fglo] UV—spectrophotometer
(Shimadzu) & ©]&ste] 600 nmoj|A FF=E S5}
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HS1249] chitinase, protease I gelatinase A
Z2A35}7] Q84 chitin agar HJA], skim milk agar Hj
A (10% skim milk, 15% agar) W gelatin agar HJJA|
(1% gelatin, 0,05% KHyPO,, 0.05% KsHPOy, 0.1% NaCl,
0.15% NHiNOs, 0.04% MgSO; - TH:O, 0.02% KCI, 0.02%
yeast extract, 15% agar % pH 7.0)E 121CojA 158
7k Bttt $- petri—dishol| #5130tk CG Hix|ollA 547t
Hjokst HS124E chitin, skim milk ¥ gelatin agar
wjz]e]l 4Eek & 30CollAl 34zt wieFato] FEEt 3

e WA Gelatinase ¥4 24 F9
: S

st



Lysobacter antibioticus HS1245 ©]-835t )

TSt vjoF AJ7to]| W2 gelatinase BAS =451
HS1245 CG wiR|o|A 5U7F wjofslaa] 244]
7F 7tAoz ABE YHse] 10,000 rpmolA 10E7F
w2 3 > A EYsklth GA #jA] (0.8%
Aatel (Sigma G9382), 5% agar)S 121TCofA] 158
petri—disho] 5%t & punch® 2 mm9]
o}, o] S 20 ULE ¥ar 3Y%r
30% trichloroacetic acidE #H7}sto] &

25Tt (Wollum, 1982),
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4-hydroxyphenylacetic acid?} O{ZIIO|7} HHFES
Lidt A=g0| O/xls F&  HS1247} WA=
4-hydroxyphenylacetic acid (4—HPAA, Sigma)9] =
=l AFES A5t AS 15 cm #°] 10 em ]
petri—disho] o? #j% Q& W 3~4% $% 109}
2]2 kAT o7]9 500, 1,000 @ 5,000 mg L~
o] 4-HPAA &2 {53 wiFSlol sprayers ©&
sko] 33] (oF 4 mL) A=t djxolle BHTE

AT AT F 24, 48 L 1247 BEAO|
e fFe AR Ao s
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v Ryl mj=ato] bl (HS124+MP)9] AEE-3 H
Wttt IS A= Runnerd 2,0008j= 3]431%]
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sprayerol ol wi3 <l o, SHe| 33 (o 4 mL)
dasiginh, A& AR HE F 24, 48 W T2A7E
Aol 750 ArARS 2ABHCE
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Hojx= Aoz fEEY (Fig, 1B), WhHo] =+
¢l Fig, 109} Fig, 1DOX& a7t o= x| @ar -
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Fig. 1. Changes in epidermal cell and body of P. xylostella
instar treated with L antibioticus HS124 culture (A, B)
and sterile distilled water (C, D) for 72 hours at 26C.
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L. antibioticus HS124Z LB (Luria—Bertani) A
v X o] vjoFste] A|ZFHRE cell growthE =743 OD
ik GA wijx]o] HETH F gelatinase BSFA AN
Fig. 29 YerHSIcE 600 nmoA] %% cell growth
o A9 AR FAI ZAE T 3UA A B
2ES RS, 1 S 4A b AAE At 59
A FA3] At AoF eyt Gelatinase 4]
2LAA FASHA F7kste]l 2o ol ¥ 3YA
FE 2a4 Fdaste] 4943 sAAol= wEA
ek,

4-hydroxyphenylacetic acid7} HiFEZSLIEIO| MAS 0]
0|Xl= ¥& 4-hydroxyphenylacetic acid (4—HPAA)
o) wlasLge) $3 AFEAE 2Ae] Slsl] BE
@} AR ARSI (Fig, 3). 4—HPAA 500 mg L
fone wjEELh) o320 Halsk 72417 55%, 1,000 mg
L'o)A 61%, 5,000 mg L oA 67%2 A4%8S B
qth ol 4-HPAAO] w7} Z715tol| whel s
839 Mzew vldst] Zrlsta. B3k RE A
FolM Helalzto] Skl ek AERE kst

HS124 HieHmt A|HEMMS| M7I7t viFSLid
A=g0| oxle I L, antibioticus HS1249]
WepAIzol e EERY f3) 4FES 2AT
FE vk Hejatol A T2A1MH 35%, 3Y

FoA 40%, 5 vjoFst et A 50%,
790 ok X%EHLOM 60%2 HjoF Qo] whet A%
o] STkt ey 109wt mjdd o] Ass

15%= 79 WjFE vjokole] AFEmTh WA Ut
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Fig. 2. Changes in cell growth (-l-) of L. antibioticus
HS124 in LB broth and gelatinase activity (-4-) produced
by L antibioticus HS124 in GA medium in according
with incubation time.

46.7%, 3Y HjoFSt AHETolA] 53.3%, 5 HjUASH A
oA T0%= rERETE ShARE 7Y uieRRl uf ekl
Aol A= 60.2%, 109 vt A2ltollAl= 50.7%
o] 4%8S Uepdomn 59l ujore AalTie) 717t
0.8%, 19.3% WP ket (Fig. 5). $le] Aol
B el o] 5 ujefet wiFHo] Tween 802 3
71eF At AAEa-S T2A17HR 70%%24H Tween 80
H7¥skA] gk ARt wjkolA 7t w2 ghe 7H

A2 60% Hrk U

70 r
O24Hour
60 I  misHow
30 B72Hour
=
.40
2z
g 30 |
=
20
ef
10 F s £ %
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SDW 500 1000
Concentration of 4 HPAA, mg L1

Fig. 3. Change in mortality of P. xylostella instar
treated with different concentration of 4-hydroxyphenylacetic
acid at 26°C for 24, 48 and 72 hours, respectively. SDW:
sterile distilled water. 4-HPAA: 4-hydroxyphenylacetic
acid. Different letters indicate significant difference at
P=0.05 of Tukey’s HSD multiple comparison test.
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Fig. 4. Change in mortality of P. xylostella instar
treated with L. antibioticus HS124, which was grown
for different incubation days at 26C for 24, 48 and 72
hours, respectively. SDW: sterile distilled water. Different
letters indicate significant difference at P<<0.05 of Tukey’s
HSD multiple comparison test.
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Fig. 5. Change in mortality of P. xylostella instar
treated with L. antibioticus HS124 HS124, which was
grown for different incubation days at 26°C for 24, 48
and 72 hours, respectively. Every treatment was adjusted to
receive 0.1% Tween 80 just before spraying. SDW: sterile
distilled water. Different letters indicate significant difference
at P<0.05 of Tukey’s HSD multiple comparison test.
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HS124 HY Al o O| HH
430 0jxl= A5A 1s), L
antibioticus HS124 vl|oFoR (HS124), wjZualo] (MP)
9 L antibioticus HS124+m|&u}o] (HS124+MP) 3
glgte] HiFESU 759 ASsES 2ARE 43 MP
Ao A 48AITHA AF-EE 63% L, 1S HeF=
56%=M IS A7k MP APtEY 7% Witk st
ARk 1S Ao 72 AR 73.3%2] AEa=A MP
AFEL 7.3% w2 202 YEPNh HS1245 f5oll
d=o2 AYstHS W 72414 56%= IS AP et
MP ARy AF-5o] 22} 17.3%, 10% FAsi3lont

al S3Shol

EELMY %3

AF= 0 O

diz=tel sl 31% F7Iskt:. SHAIRE HS124+MP A
2t oA T2AIA 96%2] AdEes HYo=A IS A

elTtEE 23% STk (Fig. 6).
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al
(Plutella xtlostella L.)2] &3
M AL B LRl ot
=E7|37F gom WgAIt7E E st
wero] Wz vehd 4 9 o
A siseltt (Kim et al,, 1990), A AlAA ez w3
SRS WA= 2 sk Aol oste] o]FofA|aL gl
O} H AESPIATE Ik 3L 9Uok (Shoda, 2000).
Fig, 104 H=u}e} Zro] vjE=EZ U {3 L
antibioticus HS124 vjFB-E X3t T 724171 FHof

)3
o}

U (Plutella xylostella L.)2] &34 HHA|
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Fig. 6. Change in mortality of P. xylostella instar treated
with SDW (sterile distilled water), IS (insecticide),
HS124 (L. antibioticus HS124), MP (Magic-pi) and
HS124+MP (L. antibioticus HS124+Magic-pi) at 26C
for 24, 48 and 72 hours, respectively. Every treatment
was adjusted to receive 0.1% Tween 80 just before
spraying. Different letters indicate significant difference
at P<0.05 of Tukey’s HSD multiple comparison test.

Wuges w23 HSi2A Wl Az
ol fzonzk TaEe] A AR
ok HS1209h MiFEY §5S Tt
FHS HPLCE #413F A1} glycine©]
Eliana et al. (2007)& = L=
T}o]| &3} = Beauveria bassiana B|OFH O ZEH
=l protease®] Q3] AWEHY| (Hypothenemus hampei)
90| Geflo] TARIK BBt Aol HSI24
X protease, chitinase, gelatinase 2 lipaseE A4
sto] Eole] AT HFel F58 AU (Ko
et al., 2009; Lee, 2010). 0|23t AT}Z u]Zol2 uf
HiE=ZU 739 FEE S0l 70%9] 7dat 2 AsK}
E2 FAEo] 9JoPr & (Hepburn, 1985) HS1247} XA
She Bask MEET 30 S SasEe Ao
2 AZFE T}, Fallowfield and Daft (1988)2] AlH o
A Lysobacter CP—10] A/dsh= 22 thAM =<l o8
Anabaena cylindrica®] A|E2] EZ4o] 3l|=]o] glutamate,

not shown).

isoleucine, glycine, histidine, serine ¥ glutamine
Y ofn|Ate]l HEHE Aom Hol 2 AFoA=
HE9 glycineo] HSI242HE Y9 @47} vy
W 759 Qs gaste] (Fig. 1) &siAXl &l A
Folgkal XHof At (data not shown),

Lysobacter sp.~ quinoline 3}3H= (Evans et al.,
1978), tripropeptin C, xanthobaccin A %
(Hashidoko et al,, 1999)3} Z+-& 3FYEZS AJATH=

o7 RIEQ) Russell and Furr (1996)= phenol

cephabacin
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SRS Zdlshl Q= 601-/\3)453__,_ o] 4
acid (4—HPAA)7} AU AF1t ZFo]o] Az
S &FAoEN Ay %L*é 24 wygicia B

—hydroxyphenylacetic

skt ESF AYAGA} (Ko et al,, 2009)2] Al ofA
HS1247} EH|s}= 4-HPAAZ} J_—%—@‘tgg dJoyl=
P, capsici® wAFE TRl RARE QT A

oA HS1247} A/ddt= 4-HPAAE WiFZ Y §-5o
H2]5t9L o 4-HPAAS] %57} 500, 1,000 2 5,000
mg L2 Z7PskeR 930] AREgo] 594 ARSI
(Fig. 3). o|¥3t A= Artocarpus incisusZ2HE| £
= 4—dodecy1resorcinoli} 4—hexylresorcinol®o] Hj3
U 0 20] We|y] g 11Ho "azo 2z
2835} = monophenol_l—]- O—diphenol®] 4F3lE &7
Al7]= phenoloxidase®] BAS AdFozn HjFEE
S A (Luo, 2003)3H Agh o] HS1247F A
Sh PAEAUQ 4-HPAAL WEELLS A T 4
S 28l % shteka AzEc,
Taoka et al, (2008)o] 2JFH AHEAA] Tween 809]
AxFR FAE mE Az &eiE 3 A7l A
oz dHA ok 2 AFolA Hs124 HjFHof 0.1%
9] Tween 802 715t W Tween 802 H7I5HA
o Aol mlsl wiFELY G50 Aol =k 30%
Ax= =715ttt (Fig. 4 and Fig. 5). Damare and
Raghukumar (2006)+= Tween 802 T|A& HlFY o
WS W) R Azl el BRE Z71A7]
i, v g lipase B4 S7MARIHAL Hils)
At webaA HS124 HjFHT} Tween 800] &3+ HE)

F

= HS1247} AYAs= Aol FAERo] AHAdA| ek
sekAkgo g WA Gi4v) sl G50 U 23
a3l 11 the 4-HPAA7} G o §3o Ejtos

W WEEUTO) 458S F7MI7IE AoE Hol At

B AEFES olgT WEEILL) WAl thiy
O = neem oilo] &ALt E AFox HS124 H|F
Hof| neem oil¥} &7 FEEE o|FoZl HR|EolE &
15ty A2Jdt L, antibioticus HS124+ujZulo] (HS124+
MP) H&f77}F 9679 A= = Al afet 4
ZA (18) A=+ Hrt 23.3%, wjAluto] (MP) A2t Ko}
30%, 18]l HS124 uljof (HS124) 2]t Hrl= 40%
Z718k4t) (Fig. 6). Hwang et al, (2009)2] &I7LofA]
gt FEEY A9s UFY SRS wieES WY
of 3t WAIZ 95% o|Aro|9al, BtAIQ} neem o0ilE
=8 5?%% “ﬂ iFEd 29§59 45E&S BtA
92 Hok 30% lEOPE} o5 HiFEY
ol "e‘% Eﬂr I =& BtAI9}F 750l A% a3
]7] Eﬂ /HZOﬂ 7]—‘6]— Dj—/l‘LO_ 7}—X

¢

Yol AgToRA o ANHOE WjEE

N

VRS WA & 5= Qe Aoz RIsiqic)
ARO[ antibioticus HS124+ lytic enzymed}
FYEZQl 4-HPAA 9 thokst 22} tAAES AYAIS)H
o} B3], 4-HPAAL HjSEU §350 tiate] A
I7F itk HS124 g Tween 80 FH7}sf
2 ] Tween 808 A7}8HA] &L& ALk} vj5=Z
{5 Aol Sk eH, HS124+MP A E]
F7F tkE2 He|Tto) vjsle] 1Y o A=A el
webs] L, antibioticus HS1249} mj&ato] Egtol

e
o B} AFAIS Aste] MFEbES ABAOR
IS 4 ok AZbET,

Q of

AALo A T EFO2RE BH Lysobacter
antibioticus HS124 (HS124)% lytic enzymeS ZH#
chitinase, gelatinase, lipase % protease 59 &4
9} gAE2IQ] 4—hydroxyphenylacetic acid (4—HPAA)
= st & AYolA= HS124F o]&ste] HijE
21U (diamondback moth, Plutella xylostella L.)
3~48 OZA ArBFAS 74;3]3}0:11;]. HS124 HfoFol-e
HiEE U 2ol Aside o f5S T s o] &l
=i}, HSl247} WA= 4-HPAAS Q3o A5}
98w A2 FEA} weeE AFES FRIeN,
HS124 o] Tween 802 A7 ul H7151A|
Qe Az gl L4l wUch v sk 4
A (18), HS124 v (HS124), Alef=E (WA
o]; MP), HS124 HjfM+AE2EE (HS124+MP) W
W (SDW)E olgste] HiEEY $30) 4FRS
A5kt HS124+MP Aol A 7MY} w8 A5
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