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Abstract Bacillus amyloliquefaciens PPL, isolated from the feces of insect larvae, was evaluated the
effectiveness of formulation with plant extracts on the ability to control against various phytopathogenic fungi
and sucking pest. The formulations of plant extracts mixed with B. amyloliquefaciens PPL by substrate of
mung bean extract and lecithin strongly inhibited the growth of Fusarium oxysporum f. sp. lycopersici,
Colletotrichum gloeosporioides, Rhizoctonia solani. The insecticidal activity for the two spotted spider mite
and green peach aphid was more effective the NR formulations (B. amyloliquefaciens PPL + Azadirachta
indica and Derris elliptica). The spray concentration was diluted to 500 folds for two spotted spider mite and
1000 folds for green peach aphid. Therefore, B. amyloliguefaciens PPL, which is different from B. thuringiensis
by Bt toxin protein, was found to improve the suppression of fungal pathogens as well as mortality of
sucking pest. These results indicate that the formulations can simultaneously increase the possibility of bi-
directional control on the antifungal and insecticidal effects.
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(Allomyrina dichotoma) % %% 1 g2 9mle| phosphate
buffer (pH7.5)°1A4] 25°C, 100 rpm 2ALZ 305 &9k X1
F =ApH oz sA e dEelS LB iAol 200 ul =Es)
o] 28°C, 24717 Fot eIt #5= 20% glycerolS
A7kste] -80°CollA A star 83 &4 HAA AF
AREETE HAES F8E Sl fHE 548 16S
RNA 372+ #4& Fsi00H, #7575 LB jA|olA]
H]%Fst & Genomic DNA Prep Kit (Solgent Co., Ltd,
Daejeon, South Korea)E ©]-&3l% genomic DNAE F&3}

Atk 16S rRNA 42} 5352 23] universal primers=
27F (5-AGAGTTTGATCATGGCTCAG-3")¢} 1492R (5-
GGATACCTTGTTACGACTT-3)S °l83ltt. 471 %
412 Solgent ASSA service (Solgent Co Ltd, Daejeon,
South Korea)oll 9JE|ste] #A3tlon, A7I1MES ml=
YA EA B Al E] (National Center for Biotechnology Infor-
mation)ol|4] o} MEGAG6 program® 2 AlE =S A6k
t}. AIBEE neighbor joining Y1252 o|&3te] A st
3L, Bootstrappings 1,0003] ¥He-8te] A4S g5k
o} Aslebd 5492 Vitek2 compact system (bioMérieux,
France)Q ol-gsto 467142 EAE EA AT & Wl
H FFE 0.45% NaClo] er=o] Sl A4l <%
sle]  Vitek densichek (bioMérieux, France)Z E= 2
McFarland2 &3t 5 BCL card (bioMérieux, France)oll
5t Vitek2 systemollA A3t 54E A4 6koH,
Vitek2 Advanced Expert System (AES) softwareZ ¥H53}
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B. amyloliquefaciens PPLZt MEFEE E8HM HZE &
4z 83
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B. amyloliquefaciens PPL2 MBP WlA|(5% peptone, 5%
mannitol, 1% mung bean extract, 0.45% yeast extract,
0.3% vegetable oil, 0.1% NaCl, 0.08% egg yolk)°llA] 28°C,
120 pm O 2 5¢ Z1& wjFstaA 1 x 10® cfi/ml F=Z A}
&3l3th. PPL #9] 54< 3478 - 0.2 um membrane
filter (Millipore Filter Corp., Bedford, MA, USA)Z 3}s}
o #-& AA L AR A EFEE-2 H(azadirachtin
0.75%), Gl2]2(rotenone 0.05%), FHl < —ir%%(nicotine
22%)9] € s
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B. amyloliquefaciens PPLZt M E2FEE Mg &Z&y
a3

Zt Age] #F F=7F 0~30%2} Potato Dextrose Broth
(PDB, Becton Dickinson GmbH) =] 70~100%7} =H%=5
SHTBtaL, agar 1.5%% EFAZ wiAE I B4 &
petri dish (60 mm x 15 mm)ol| EF3}e] HAuA| & THE]
t}. Potato Dextrose Agar (PDA, Becton Dickinson GmbH)
oA 5L7F uj e FA] W] FAF AtellA 27 5 mm
o] stAF 27k wloflo] 7+ AlF SR ZA|E PDA £
il flol 273 39 F A S AolE SAelT). +F
A S AAIE (%) ABEC] EFEA B PDAIA
ASZolo thgt 7+ Ay g-f v]&EE EE PDAC
Aol Ak B Zol2 etk A B A& (%) =
(2T #F 4ol - A+ #F Qo) / x2T #F 4ol
x 100. 2t A= SHAH o2 33] FalL, 73 Al 3ut
5 st & Aol AR AEH AT EOAES E
e AESHWT Fusarium oxysporum f. sp. lycopersici
KACC 40043, 215 &AW Colletotrichum gloeosporioides
KACC 40003, ¥ A7 rRs8A+ Rhizoctonia solani
AG-1 KACC 40101% °]& #FE52 53184 954
e FHFHALG HAIE (Korean Agricultural Culture
Collection (KACC), National Agrobiodiversity Center, Jeon-ju,

Korea)oll 4] &to} A8-313iTt.
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LC-MS/MS (API- 3200, AB SCIEX, Framingham, MA,
USA) #2490 AR-E A& Capeell Core Cig (2.1 mm LD
x 150 mm, 2.7 um)e|™, #2]-8vl= A (0.1% formic acid
in distilled water)2} B (0.1% formic acid in methanol)Z
ARSI e 813tE-2 ESI (electro spray ionization)
9 positive modedllA] ©]&38} 3I¥Z MRM (Multiple
Reaction Monitoring, Table 1) modeZ ¥-4J3}$]t}. Biosur-
factant®] ¥=8U-S Sigma-Aldricho| X 798kt fengycin
(CAS Number 102577-03-7), surfactin (CAS Number 24730-
31-2), iturin A (CAS Number 52229-90-0). 7} ¥4 %
EHZ sldsle] LC-MS/MSE =43+ 3 o7l a=ntE
TH}] peak HAS AFANF vlaLste] A7ttt
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SPSS 23.0 software (IBM Corporation, Somers, New York,

Table 1. The MRM transition parameters of the analytes in LC-MS/MS

Precursor ion . DPY EPY CEY L
Compound (Da) Product ion (Da) (volts) (volts) (volis) Ionization mode
7029 86.0 12.0 125.0 it
Tturin A 1043.1 Positive
184.2 86.0 12.0 93.0 ESI
86.19 86.0 11.0 121.0 iti
Surfactin 10363 Positive
685.1 86.0 11.0 39.0 ESI
7029 56.0 8.5 127.0 Positive
Fengycin 731.9
evet 84.2 56.0 8.5 95.0 ESI

“Quantitation ion, ”Declustering potential, “Entrance potential, “Collision energy “Electrospray ionization.



Bacilus amylolquefaciens PPLI AZ2ZE S8 FEo| A2

58

SR0RTEEN et Auzd 48105

acillus subtilis subsp. spizizenii strain BCRC 17366T
Bacillus subtilis subsp. spizizenii strain BCRC 10447
Bacillus mojavensis strain BCRC 17124T
82 | Bacillus mojavensis strain BCRC 17531
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81

Bacillus amyloliquefaciens strain Y1-1

Bacillus amyloliquefaciens strain BCRC 11601T
—— Bacillus amyloliquefaciens strain BCRC 17038
Bacillus amyloliquefaciens strain BCRC 14711
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97 I— Bacillus sonorensis strain BCRC 17532

Fig. 1. The characterization of the strain PPL. Neighbor-Joining tree showing the phylogenetic positions of strain PPL and
representatives of some other related taxa, based on 16S rRNA gene sequences. Boots trap values (expressed as percentages of 1000

replications) are shown at branch points.

USA)YE ARg-ate] x| EAHEA S g 5 Faloll 9%
Duncaniﬂ 57379 %H (Duncan's multiple range test)>Z
o 0.059014 A Folde AT WAL
]Zl(medlan lethal time: LTs) probitH (SPSS 23.0 software)
< o]&3ato] AEsioith

= 7 3 st
+ 1.4kb 16S ribosomal
RNA #7372} 971 1‘”—% EAA3 B. amyloliquefaciens=
RIS ATK(Fig. 1). Bacillus spp.2] FAATE A4 30|
A PPL #5+= B. amyloliquefaciens BCRC 141933}
99.6%°] EZ FEHCE dAsidith T3 A7IME S vt
gog & 74] S5 B0 E Bootstrap #el 63%% H]WL
SIS theket A= dve] =4

Hol-xﬂxﬂi o8 5] Bacillus % #5752 ES 2 224 2

doll MAahaA A B AEe e F1ldke 2o
2 HEo] 9Jtk(Cawoy et al., 2011) 53], B. amylolique-
Jaciense= AEA ASA} AEHER S&50] THA
ZHol|A S5 o] &% Jtk(Perez-Garcia, 2011; Li et
al., 2015). 523} PPL 75 Vitek 2 system2 ©|-8-3 4§35}
84 EX A A3}t B. amyloliquefaciensSt 90% -FAFSHA
th. PPL ¥ B-xylosidase, Ala-Phe-Pro arylamidase, L-
pyrrolydonyl-arylamidase, —o-galactosidase, phenylalanine
arylamidase, B-glucosidaseE AJ4FstSlal, D-mannitol, D-
mannose, pyruvate, D-trehalose, palatinose, myo-inositol&
o] &8}tk E3F esculin hydrolysis, methyl-A-D-glucopy-
ranoside acidification, tetrazolium red production, polymyxin
B, kanamycin resistances YERHS™ 6.5%°] NaClell4
Ade SR vyt e A=t “*Xﬂ“a‘ol V=
B. amyloliquefaciens®} B. subtilis 5 CLPE X%
3 biosurfactantE-S st I 2 g+t B4
WEHMnif et al., 2016; Kang et al., 2017).
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Fig. 2. Effects of the TB and NR formulations grown on
inhibition mycelial growth of phytopathogenic fungi (A-D).
The fungal mycelial growth inhibitions of the formulations
were determined on potato dextrose agar amended with
different concentrations of formulations. A. Colletotrichum
gloeosporioides KACC 40003 (Cg), B. Fusarium oxysporum f.
sp. lycopersici KACC 40043 (Fo), C. Rhizoctonia solani AG-1
KACC 40101 (Rs). D. Antifungal activities of TB and NR
formulations with 10% concentration against phytopathogenic
fungal. The image is represented three independent
experiments with similar results. Bacterial cells were grown in
MBP broth at 28°C with shaking at 120 rpm. TB (m, B. amy-
loliquefaciens PPL + Nicotine) and NR (o, B. amyloliquefaciens
PPL + Azadirachtin + Rotenone) formulations. Data were
analyzed through ANOVA (P> 0.05), and if the F test was sig-
nificant, differences were further elucidated through Duncan’s
multiple range test. Different letters indicate significant
different at P> 0.05.
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Fig. 3. Biochemical analysis of cyclic lipopeptides produced
by strain PPL. Bacterial cells were grown in MBP broth for 5
days at 28°C. The cell-free supernatants were acidified and
extracted into »-butanol, and dissolved with methanol. A. LC-
MS/MS total ion chromatogram profiles of the biosurfactants
produced by B. amyloliquefaciens PPL grown on MBP broth.
The top row profiles show the signal of positive molecular ions
detected between 10 and 20 min. Note the difference in Y axis
which are a direct indication of amounts. Standards were
purchased from Sigma-Aldrich: fengycin (CAS Number
102577-03-7), surfactin (CAS Number 24730-31-2) and iturin
A (CAS Number 52229-90-0). B. Values are given as milligram
per gram of extract for each lipopeptide = S.D. (n =3 technical
replicates only).
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3 ALY 753~89.7%% =& AATEHS HER
o7 By HAtk(Kang et al., 2017). TSB #jA|ollA] uh<k
PPL 4= E oxysporumF R. solanidll TH3IA 30% &-f
¥ PDA HiX|oIA 80.4~87.1%= Bl =AW, C.
gloeosporioides®] WFNAE 69.2%2] FAMYSA T o]
MQ}E} W3t B. amyloliquefaciens®] TSB 8l %ol A "—/\]%
At tish gEBA0] 60% o1l Fie 25% o
7% YERE S 1K (Kang et al., 2017), & d5-2] &35 xﬂf‘é%

o il

2 AA e g FAHIA T 5 Hdtel ol
M 10% TrEEolA 60% ool sl UUTh
o]l AH}EL biosurfactantE2 AYAFsh= PPL 459 &3

H HEFEEY] Adsdd o3 Fsasol dHE Y
oS Eole 44E 7}2%9@ Han et al. (2015)¢] 23}
M= 0.1~0.025% neem ©5 Xgjdl| 23 sy 45
25-8(6.7~0.0%)°] Bt} E_ﬂ’?ﬂ' RS- g s e A
ol AEEo] 37~50% 718tk 3 TBSF NR A&
Eoll g/ 5U w3t B. amyloliquefaciens PPL2] bio-
surfactant®] FF2F A iturin A, surfactin, fengycin®]
FF=d a8 FEEHY A=8nETY 39 HuE
Saf AAISATE. Tturin A} surfactin EFE2 9] 7EA7H
2 27 106152 18.19%°102H, fengycin ETEZ2
11.90, 12.48%°] fr& AEAIZHIUAHFig. 3). FF= S1sl
LC-MSMS®| 9| T4 ALte 43} a4 iturin A=
8.5 mg/ge]l AEE L, fengycin? surfactin 22} 185.63}
1.0 mg/go 2 AZHAT AEH WAIA Bacillus sp. St
E4-2 cyclic lipopeptide 715-¢1 surfactin, iturin, fengycin
5 A g A Qi) Surfactin® AH AR
24E el AY biofilmS A ste] A& He] EHo|
Hedto]l &4 XAl st AES HSsH, iturin
fengycinS TFFSE HYwo| sl 7=k =S st}
3 ¥##] JH(Ongena and Jaccques, 2008).
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B. amyloliquefaciens PPLZt MEFE Mol sfE L
s
PPL #7¢} 55559 £ A% = NRY TBY A&
SEEE 879 ool o 59| EolSXItES
Aoz Azgas ZAEG T Aulo] Lol iAo 2 NR
< g A7} 250~5000] LT 70%2] & A=S
e om, uﬁww 7HAE 3.60~6.742 0] tH(Table 2).
SR 750~10008) F=7HA] 34 g AEFelMe 21~
40% ©]3}e] “2347} ATt TB A 2]l A= 50087}
2] g4 gk A ellA 58% o)de] AE&S YERITH PPL
w79 eSS0 s]Aste] AEe - utol-goffol
ot A582 28%2 Gt Bokoy, dds A AE
FEES 9T ARE ATl e 539 AEad
7} 5EHE1°M Ay %E soouH ol Azl+e] 739 PPL
&S e o™ F Azt &
o] el PPL #5-2 tALE
Fol-gofoll thaiA w= AT 739
Ago] Yo, AEFEEY EFS AFEddME 2
27t Assisith TB o] 24X $57) sold4s 4
ZF&0] o Eold ZoF el ot 25084 5004
gAEEdME BAHCE foet zo|7h fldith wESt
NRZ TB] A2]4+ 25 zFzF 750009} 10008] F=5E A
F&°] F437] it & A7 PPL #5¢ MBP Hj
Ao A AREH HiF AHEOZ egg yolkS} vegetable oil
7128 ety 4Rl fr1EAR e FAECR o] &
gl o] g-3te] Huto]-goff Lol thal 95%2] e A
ol tisll 74.6% ©1de] =2 A EHIt e FeE B
A TH(Park et al., 2008). ¥ A oﬂfﬂb o] S dF
lﬂﬂ%k Ao =2 ARg-3ste] wjst PPL + Hr
¥ or=EdE ddEs Z%%% ?; sto] Axst Az
5008 o]Fe] FrollMe e AMlEaat e A
A=

Zlo] 6‘]—‘3&] Ao

Table 2. Insecticidal activity of various formulation concentration against two spotted spider mite

Treatment Dilution (fold) Mortality (%) LTs, (day)
250 80.9+542a” 3.60
NR formulations 500 69.6+ 5.6 ab 6.74
(B. amyloliquefaciens PPL + Azadirachtin + Rotenone) 750 395+53¢ 8.44
1000 20.7+3.6cd 12.67
250 64.4+4.4b 6.88
TB formulations 500 58.1+£22b 7.33
(B. amyloliquefaciens PPL + Nicotine) 750 377+38¢ 8.71
1000 359+£38¢ 8.91
Cell free supernatant of B. amyloliquefaciens PPL 50 283+3.3d -

Mortality and median lethal time (LTs,) were examined at 6 days after treatments of the formulation from plant extract and Bacillus

amyloliquefaciens PPL.

“Means within the same column followed by the same letter are not significantly different by Duncan’s multiple range test (P > 0.05).
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Table 3. Insecticidal activity of various formulation concentration against green peach aphid

Treatment Dilution (fold) Mortality (%) LTs, (day)
100 100+ 0a? 2.18
NR formulations 250 97.0+3 ab 4.14
(B. amyloliquefaciens PPL + Azadirachtin + Rotenone) 500 902+53b 4.54
1000 909=+1.1b 6.74
100 100+0a 2.12
TB formulations 250 97.0+£3 ab 4.87
(B. amyloliquefaciens PPL + Nicotine) 500 97.0+3 ab 4.57
1000 86.8+8.3 bc 6.91
Cell free supernatant of B. amyloliquefaciens PPL 50 785+172¢ -

Mortality and median lethal time (LTs,) were examined at 6 days after treatments of the formulation from plant extract and Bacillus

amyloliquefaciens PPL.

“Means within the same column followed by the same letter are not significantly different by Duncan’s multiple range test (P > 0.05).
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