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2UEA A 2 (Bursaphelenchus xylophilus)dl 284 BAsle AUFEAAEFE S Syt 2UFH S
Aek. & AtE 137 AUFRAAE BAA NS st A4S Eido] Hold rAES Awsiaat A
FRAE 2FALAF dete] AHF ZHE Ueilie vdES Adsl] Q8 55 rdEe] wigy Az
gxdo] Holt Bacillus licheniformis MH48S AASIATY. B. licheniformis MH482] X% 315 7
Z ASH od B8 a4 S EASIEY, AE AL i 3dA 7P =9 o &
74l 7P 2 ES BTk W3, B licheniformis MH489] Wi FEol] whE AUEAINE
HF IS AR A3, 719-ARRI(CG) MRk Z1RIAAS(CN) Bl B 20% el AE]A] ZAREC] 80%
th. 53|, B. licheniformis MHA48 ¥W]F A & A|7ko] 2ol we} b o] 5971 e =
Fetaact. olest A= B. licheniformis MHASS AVHFAINES AESHo® HAE + A= LAA

3} 747} gk Abe .
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Abstract: Pine wilt disease (PWD) caused by pine wood nematode, Bursaphelenchus xylophilus, has become the
most serious threat to pine trees in Korea. This study was subjected to investigate effective biological control
agent against PWD. To select nematocidal bacteria against PWD, Bacillus licheniformis MH48 was selected
among five bacteria due to its high nematocidal potential. B. licheniformis MH48 was tested for cell growth and
protease activity to evaluate its nematicidal potential. In the B. licheniformis MH48, cell numbers were highest
three days after incubation, while protease activity was highest after seven days. In the effect of different
concentrations of B. licheniformis MHA48 culture broth against B. xylophilus, 20% concentration of culture broth
showed approximately 80% of pine wood nematode mortality compared to the control. Especially, pine wood
nematode's cuticle layers were degraded two days after treatment of B. licheniformis MH48 culture broth. The
present study suggests that B. licheniformis MH48 can be one of the potential biocontrol candidates against pine
wood nematode due to its ability to produce protease.

Key words: pine forest, pine wood nematode, Bursaphelenchus xylophilus, pine wilt disease, biological control, Bacillus
licheniformis
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2YUFAAFH S AUFA A Z(Bursaphelenchus
xylophilus) ©13]|A W sh= A EH o= iRl 47t
3l & oy it AYFAAFS B o] A
AEA] 0| A RE, o] A 8] T AvHE A S AU
R0 & 37t BAEHA] R AoE HIEI QY
(Dwinell and Nickle, 1989). 3}A| vt $-2ue}= v| =3t =
& ofAJo} A Q9] Ao} BljF-S A Aol gk
Agrgo] eFaflA TAEA AAMEE Ao 4 A stk
(Takeuchi, 2008). U]l A= 1988 FAF X Jof|A] 2z
2 e AL Ao g 20059 JsiE o] 7,811 ha®
FEFA L, 2013 11,550 ha® a7} A &2 o7
Z7Vsk= Aol th(Yi et al., 1989; Korea Forest Service,
2014).

AURAGHFE 222 52709 o)Fot B
o L
=

}..

>,\I

4z

o] 3|
A, o] o] A g AR THRE A4S
A 915 FEl 7] 21
o] 715 A&l 24
1 3gold-& HFeHHA F2 $rh(Mamiya and Enda,
1972; Morimoto and Iwasaki, 1972; Oku et al., 1980;
Sasaki et al., 1984; Edward and Linit, 1992). AU
s vt IAE 713 tisid e v A
ofgk fAlE mH, 7h=d HHjol] o = o]F Apet, 7}
917 REgel oJgh M| ApAE, A Fo] B4 Al
2] =2 (cellulase)oll 93 2EH XA 507 d#fA] Yok
(Yik and Birchfield, 1981; Kuroda, 1989).
AA] A Sl g WA= w8
WA A Wl et il g tiideE 3t
WA M= A FES HAfjste] FAE o] &3t
%, 27t 9 skeaRe 37 AE I A E
e WAH S ARSSkaL ok BgE AR A F S
A7) S8l A 25 o R AASA L] +7H
of

e rx

LGl by

[¢]

Lee et al., 2003). 3P| R o] 3+ WlAH & thqf o] Ak
of 283 75 wfist v} =5 4£Q o= A
22l SHoA] el A o)A Fom Ago] ug- vjHAZA
ojth. B3t sleHA| Y] AR EG 2 7 0¥
A AE RFA Y= dEFS T
tH(Kamata, 2008; Lee et al., 2008).

FHole AUFAASE 53 22 A 5784
AE A3l 1820 Wl AETA LA
Alo] oA o thgh gl =} sfdkol] T gk A-Eo]
Shiks] =L Qi) 53], AUFAAE WAIE 28k
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(Choi et al., 2006; Kong et al., 2007; Elbadri et al., 2008),
A S F(Arthrobotrys  conoides®}  Pseudohalonectria
adveraria)o|A] F&3 22L& LAUEAXAES JA S
o 37} Aokl B E A tHDong et al., 2006; Yang et
al,, 2007). B¢k, A ES o] &g HE =4 WAddA =
Pseudomonas)®, Bacillus/& 2 Streptomycesis 2 1A
SollA AAMZE FAdo] ok B v E Y 9rkSiddiqui and
Mahmood, 1999; Abo-Elyousr et al., 2010). 531, Bacillus
cereus7} A34sE Thl A H8)| A (protease)ol| 25l B
SAFe] £97}F ZallHo] Arbske RS gelsilen
(Sela et al., 1998), Li et al.(2002)2 B. ambifaria®] Wl
ool o] v Bg g9} 7|8l Bal &4 (chitinase)
o <lsl 2] & 3k Gashy Aol FASE 0
T, el VRS 048 2R E WAl
ek A= SlellA vl AP o= s Al A
n A= AA o] Thde] @ o] x| AL Sl

B AFe arAAEE gikE A e vl

g

Mz o g

1. 2R ME v

Ao o] &3t AU ANXF(B. xylophilus)ye =HAH
Fardof| A oo, At S $15ke] Difco™
Potato Dextrose Agar, BD, USA(Potato Dextrose Agar)
HiX]el Botrytis cinereas 3% §- 26°COll 547+ Falol|A]
v Fstinh. A S-S S48 S8k B cinerea’t
Hj e PDA HjA] o] 2SS ST v 26°C]
A 57 SN, MgE F5S A E ] AFoR AL

Sttt

=
2SN e AAs 248 2 Ve 15
£ AEsp] flste] gt A sddTa B
<! A= 7147 ARl tsl FAF

a3t AE5E vAE Paenibacillus elgii HOA73 (Nguyen
et al., 2013), Paenibacillus ehimensis KWN38 (Hong et al.,
2013), Bacillus pumilus L1 (Lee and Kim, 2015), Bacillus
amyloliquefaciens Y1 2 Bacillus licheniformis MH482]
555 ol&st AdF 248 A8k

A =T Hold A E #5E Adstr] fls)
ztzte]l 455 7]¥l-A €l (Chitin-gelatin, CG) B A]
(0.08% crab shell powder(GC", FZu], g=1), 0.02%
Gelatin, A&, S=r(AE] =) 0.3% 7921, G313},
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SHE(N:PK 21:17:17; 2allsls, =), 0.3% 3 E,
WA skt A $H=), 0.003% Bacto™ Yeast Extract,
BD, USA, 0.0003% Ferric Chloride, ™A 3}&, 3= -
6H,0)°l14 547+ v gdk tha mFoll S 587 A4lie]
(12,000 rpm)&t & 54 F2ltch s/ A= 4=
FoAAN 2UFAAS AF a7 =& 55 Ads]
24-well 24 well cell culture plate, SPL, $t=12] Z}Z}9]
wellol] A F-5-5 2F 2007k A =(300 pL) #
ot & Zhzbe] v A E A Wl FH (50%)S A BlstaL
2ol A 24X ZF 73} o] Fof] W] 7(SZX16, Olympus,
Japan) O 2 AAFES FARIAH. AAF 4 rA=E

A AR 27 3 Sas,

3. B. licheniformis MH482| MIZ MS

NS ST =2 #5742 B. licheniformis MHA482]
&S AZ3L7] Ydte] CG iR ¢} 7] €l-A4 Z(Chitin-
nematode, CN) B|A| & ©]-&-3}3t}. CN iR = CG HiA|
oAl AetdS thalete] AFAlAES oF 10,0007
HArvete] AT ol A% 2o dFio] Ayl
o7 FAES YO EZ B licheniformis MH482] A5 7]
2 o] (L) A& el 12]al CN Hij=] ¢}
CG HWiAIE 121°ColA 1587 Bd3 ¥ 77 B
licheniformis MH48 55 & 3s}o] vl sl Al A
F2 2407 HA 02 TU7 FHste] EEEAR S o&
3] TSA(Difco™ Tryptic Soy Agar, BD, USA) x| ol 4]
#ZF 2] (Colony Forming Unit, CFUYE =74 3}33 T}
B. licheniformis MH482] M X A& ZAl= 22 30kE 4=
3y 53T,

4. B. licheniformis MH482| THHE Haj g4 &4
B. licheniformis MH489] vl A kol w2 whaldl 13|
B4 @45 4371 Aste] CN wjA|9F CG ¥R E ©]
2319}, B. licheniformis MH48S 30°Col A1 747} vl <
SHHA] 24X 7F 7HA 0 7 Zh7te] A8 5 AF St dAlE
(12,000 rpm, 5&)g+ Bl 5 0.1 mLE ARE-SIATH
dAEE e el AR Ax fXE f18l Tris HCl
buffer(pH 8.0, 2 mM CaCl,, 1% casein) 1 mLE % 3L
60°Coll A 1087 HESAIZ & 20% EEZ 2o EAL
(Trichloroacetic acid) 0.4 mLE 75l 1587+ Ak},
olg gt A 55 A4 (12,000 rpm, 10:)3te] B2 45
NS #3lo] UV-spectrophotometer (UV-1650PC, Shimadzu,
Japan)E ©]-&3l 280 nmellX FEEE S8 F EolR
A(tyrosine)ol] T+ FF AP o2 vl Baj Fh &
& 52319 th(Kembhavi et al., 1993). B. licheniformis
MH489] Tl Fal| g4 &4 £42 3E a3

ik,

5. B. licheniformis MH482| H{fo == ALLS
HE MAME Y ZHE

B. licheniformis MH482] AUF-A| X Zol] T 3 2bAl %
235 As7] 918t CG MiAI9F CN iAol #F+5 F
F8te] 30°ColAM L7 Wi - Zhzhe) il o, 1,
25,5, 10 2 20% T2 750l A5t A skith
AUFA S-S 24-well plates®] 2t wellell <F 200712] 74
T 253 3 99 279 w2 ujgaS AP v
2ol 2407 B 487 THA 0 2 dm 7 BEkete] Al
=9 AAFES AT B. licheniformis MH482] &

Tl 2pRAES A 2 242 47 30 et

2

ga}0] Hahol2HLSD) A4 4L AAagen, P <
0.05 sFEollA 22 b freldS A skl
Ao D

1. 2R ME0 et 4ME FFe M

Az 7184 ASF s A0S 23t H5E A
=21 P elgii HOA73, P ehimensis KWN38, B. pumilus
L1, B. amyloliquefaciens Y1 2 B. licheniformis MH48
oA 2UFAAS tell EF S-S Al
(Table 1). & AFolM= FA o] AU 2A Wof 3=
AU ARNES Z& Ao 7 At (Park et al., 2007)3}+]
ZAVer A3 B, licheniformis MH48(100%), P elgii
HOA73(86.6%) ¥ B. amyloliquefaciens Y1(82.7%)<] Al
oM w2 AAF 0] FRAEATH(Table 1). 53,
B. licheniformis MH48w= U d ol di gt A5 &3}
7} w9~ $-5=31 % th(Table 1, Figure 1).

Table 1. Screening for nematicidal effect of microorganisms
against pine wood nematode, B. xylophilus.

Treatment Nematode mortality (%)
Control 5.7+1.4°
Bacillus licheniformis MH48 100.0+0.0%
Bacillus pumilus L1 14.6£2.7¢
Bacillus amyloliquefaciens Y1 82.7+4.28
Paenibacillus ehimensis KWN38 10.243.4P
Paenibacillus elgii HOAT3 86.7+3.2°

LSD (0.05) 5.12

Calculated mean values are from three replicates+SD (standard
deviation). Means with the same letter are not significantly different
at P <0.05 when compared by LSD.
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Figure 1. Screening for nematicidal effect of microorganisms against pine wood nematode, B. xylophilus. Control (distilled
water) (A), juvenile treated with B. licheniformis MHA48 culture broth (B), B. pumilus L1 (C), B. amyloliquefaciens Y1 (D), P.
ehimensis KWN38 (E) and P. elgii HOA73 (F). Scale bars are 0.4 mm.
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Figure 2. Cell growth curve for B. licheniformis MH48 on
two medium at 30°C for 7 days in Chitin-gelatin (CG) and
Chitin-nematode (CN) mediums. Error bars represent standard
error of the mean.

2. B. licheniformis MH482| M= M=

SUFEA S tiek A5 a3t Hold B. licheniformis
MH48¢] A7kl w2 mAE S ZARE Sl A2 A5
= AR A, CG A eF ON =] oll A o] &2 1A
B 29 A7k MAS] Frbel AL 3 A o Al T
7¥slthrt o] $oll FA A Hadte AEFE vEhith
(Figure 2). Al 32 A&o] 717 A8k ui<F 3440 CG Hf
A2} CN v R M= Z+2} 8.16x107 CFU mL™'3} 9.97x107
CFU mL"'Z CN #jAofle] A&o] ¥ =4 detstth
(Figure 2). Woo and Kim(2007)% B. licheniformis K11
o] Al A7 Abo] 3YA) 7P =2 ASS UER
O WA 2hashe ATE et wsls

wel, A5l AH-E CG A% ON W] %) §
Al Rt R Aekel o)Al ARew MFE Wrke
CN WXl A B. licheniformis MH48 &7} &U-5-A) 41
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Figure 3. Changes in protease activity of B. licheniformis
MH48 culture broth at 30°C for 7 days in Chitin-gelatin (CG)
and Chitin-nematode (CN) mediums. Error bars represent
standard error of the mean.

F2 alsio] o] 71 ol§ 2o HHE. Hong
et al.(2013) Paenibacillus ehimensis RS8207} ¥-2] =4
% (Meloidogyne incognitays 3 7Fet vl x|l 71€1 £3
Fa0) A wa) G2 Bl G4 o) fAM U
R} 43S 1A o8 ae S nrasin

3. B. licheniformis MH482| CHHZE 23l S4 £

B. licheniformis MH482] vl <k A]7}e]] %— chanz 5a)
B FA2 CG HiA&F CON HiA] oA BLF M523 78
< YERth(Figure 3). CG ¥iA1¢F CN HHX] oA A

el a0 292 397 WEA Fkettrt 492

Aol = F7FEe] a3k olF CG HiA A= 6
A (54.1 unit mL™") <F7F ZHAstchrE 7949l 69.3 unit
mL7H] E7Vshes A4S B3, ON #iRE= 624 (75.0
unit mL™oll F43HA S718ke] 794 81.5 unit mLT'Z
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Figure 4. Effect of different concentrations from culture broth of B. licheniformis MH48 on mortality of B. xylophilus's juveniles at
24h and 48h after inoculation in Chitin-gelatin (CG) medium (A) and Chitin-nematode (CN) medium (B). Error bars represent
standard error of the mean. Calculated mean values are from three replicates. Means with the same letter are not significantly

different at P=0.05 when compared by LSD.

A4 S71stTh. WebA B. licheniformis MH48 455
v el #Al7F S7He o e e S = SUhst
A RE A Zko] AR 4| 9] ot Adagle] BA 44
|&3te] Sl A2 ddE

dutz o 2 218 v EAA = AF5F AMEgez
o]ZolA UE FEIF A (Sela et al., 1998)S Tz
3 g7t 7Rl e g A 717S vERllE
o2 AR H . 53], Bacillus 4-0] A4kt Thal =z s
2ol 93] B S A (M javanica)®] XS E3 3t}
3 B ET O w(Sela et al., 1998, Li et al., 2002),
2YUFA XS M= Serratia® > Pseudomonasis 2]
de2lolr AAiksls Al2e] T F3)] & A (extracellular
protease)ol] 2]&l ARl E2] FEF Tl do] Ha x|
o] A% a7} e Ao g BE vl Jrk(Gabriel et
al., 2013).

W3k, B. licheniformis MH48 2] vl ¥iA]E CG
Hi] 9 CN HiA| 2 vro] A o) 7 wj =] ol 4] 9]
ME S Tud Bl g4 Eo] A fAksk A
¢l Ao 2 Ho} B licheniformis MH48 4571 A5S &
sste] 714 =E o] &3t HE th(Figure 3). WA
v A= v Al vl o] 71 H S tiAlete] HES HUMES
2R mAEe MF 714 o] &2 AdF a3 AR 52
2 AFE-E 3 9l th(Hong et al., 2013, Lee et al,, 2015).
Al 19 F7T FEIE @A Z FAAEH de A5
o] gl e wAE] Ailele 23F tiARES] ©E
ol EAVF R E Bl oEA AN E49S YR
Ao F Atg ol uhel vl d Fal a4 S A
ARgo] A A7 dvkaL AtsETh

X

foh N A

¢

PO

4. B. licheniformis MH482| H{el s=H AME &
CG HjA] & CN vl Aol B. licheniformis MH482] ¥l
G FrE NS G4SN A v 2t

(Figure 4). CG ¥A11A 0. 1, 2.5, 5, 10 2 20% F=2

Figure 5. Effect of B. licheniformis MH48 culture broth on
mortality and degradation of the juvenile of B. xylophilus
after 24h and 48h. Control (distilled water) (A), juvenile
treated with bacterial culture at 24h (B) and 48h (C). Scale
bars are 0.1 mm.

vkl x2] 48117 o] F 747t 4,92, 9.3, 17.2, 683 &
80.7%2] AAFES UERNQIL, CN HAIAE 2.8, 8.2,
5.8, 11.8, 71.7 & 80.7%°] XAM&E F wljR]of|A] H]S=gh
7A&S YeEF A thFigure 4). F=3F Khan et al.(2008)2
Paenibacillus polymyxa GBR-12] A% 57} ol
= AF9 AAREo] EolX= o] YERL e A
Z RIS 53], B. licheniformis MH48 8] -8 #]



2R Z AESH WA E I3t Bacillus licheniformis MHA482] Ak 2 &

Zo] TIEE B
S #AS 5 %‘E’iﬂ'(Flgure 5). | B. licheniformis
MH48°] Aka}= %ﬁ ZE‘ ol mael ofsf A
TEIT) Gabriel et al.(2013)% 2]
glo}7}t EHlskE ] /\Oﬂ ofal] A dFe] Fo7F &
=0 S BAdo] YePE-S BAlEk3l o™, Hong et al.
(2013)2 P ehimensis RS8200] HH|5}= G 4ol 2]sle
s A g sl FalEAS Els
wEbA] B Apo A HAE B licheniformis MH482]
Hj el Zrof] E3tE o] Qe Wl Fa) §4 W kst
22k ARz o]ste] A bEAl S0 XAREo] i kY
20% s&=ollA 80% ] WEhd Ao s, B
licheniformis MH48& ]88t AUFA|d59] AEETH
WAl e S-S 7Fe 2 717 lthal AlsE T & o]

3t B, lzchenzformzs MH48¢] 2 A ZL oA 8=
HAUSS skl vk Al H9E s
o v T FY R ES AT WH 55 5
ato] AA| A1 WA g el gk Aok ARGA] oFsl A
of et A+7F o "ok Aoz AlSEL
a4 8

A SEvete] ERA S SHCE A ASHE
&l 7} SAkE I e AR S ARbe AuEA S
Az 918 A Fho] AlFetth 2 A ARE

o7 i w7t 38R mAE AAE ol & &
LF"%ZH’\*% L 28 S 8] AAF o] Hod m A

< Addstaat 3PS s ‘Riﬁ‘r gm0l 8
o MRl F&F2 Aefste] mAEe Bl SAsk= B
licheniformis MH48S 41 Lﬁ]—ﬁ\:} B. licheniformis MH48
o] A% B3t de o Eaf aie] S 7Y
7P =L, AR WA o] 20% FieollA auHEA
A5 XAHE0] 80% oo 2 YERT) 53], AuEAA
L 48A|7F FRF B. licheniformis MHA48 ¥l ¥l o] Ty
d el G ofsf FY7F Bl HEA 3L e e
2 FFAHAUY. ol AH=Z 7122 B licheniformis
MH489] vl Fol& A d5S et oz A d
T A= WA EA TFsAdo] =rka Azt

M, of)

HAS 2
AT A ANk 23R U AhE =
A5 23 2187 ¥ E 71E(S121414L050100) A7l 2]
3l el = AF T
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