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Isolation and identification of antagonistic endophytic bacillus BEB17 and analysis

of antibacterial activity of volatile organic compounds CHEN Yi-peng, YANG Yang,
SANG lJian-wei, CAI Ji-miao, XU Chun-hua, HUANG Gui-xiu®  ( Environment and Plant Protection Institute,
CATAS/Key Laboratory of Integrated Pest Management on Tropical Crops, Ministry of Agriculture/Hainan Key Laboratory for
Monitoring and Control of Tropical Agricultural Pests, Haikou 571101, China)

Abstract: An endogenous bacterium with antibacterial activity against various pathogenic fungi was isolated
from the roots of healthy banana plants. This strain was identified as Bacillus amyloliquefaciens by morphological
observation, physiological and biochemical analysis and molecular identification, and named BEBI17. The experi-
mental results of two inverse face-to-face petri dishes showed that the volatile organic compounds ( VOCs) pro-
duced by this strain can inhibit the growth of various pathogenic fungi, which exhibited the strongest inhibitory
effect on banana fusarium wilt ( Fusarium oxysporum f. sp. cubense race 4, Foc4) and the inhibition rate was
66.86%+0.90%. Meanwhile, it can inhibit the spore germination of F. oxysporum. Upon VOCs fumigation
treatment, the mycelium of Foc4 became constricted and dilated, and the cell membrane was also damaged. In
this article, 10 kinds of 33 compounds from the VOCs produced by BEB17 were identified through headspace
solid phase microextraction and GC-MS.
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Table 1 The primers used in this study
Gene Primer Sequence (5'-3") PCR program
s ona | 2 AGAGTTTGATCCTGGCTCAG 94°C 10 min;94°C 45 5,56C 45 s,
1492r TACGGCTACCTTGTTACGAGTT 72°C 2 min, 34 cycles;72°C 10 min
AGCAGGGTACGGATGTGCGAGCCRT
upar CNACRTCNGCRTCNGTCAT 94T 10 min;94C 455,71C 45 s,
B Pl GAAGTCATCATGACCGTTCTGCAY 72°C 2 min, 34 cycles; 72°C 10 min

GCNG GNGGNAARTTYGA

Table 2 Sample collection schedule

Sample varieties  Collection location

Collection time ~ Number of endophytic bacteria

Baodao

NO.1 Guijiao
NO.9 Guijiao
Nantianhuang

Guangxi Jinsui Agricultural Group
Guangxi Jinsui Agricultural Group
Guangxi Jinsui Agricultural Group

Chinese Academy of Tropical Agricultural Sciences

2016.12.5 BEBI1-BEB6
2016.12.30 BEB7-BEB13
2016.12.30 BEB14-BEB17
2016.12.30 BEBI18-BEB21
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Fig. 1

The antagonistic effect of BEB17 against varieties of pathogenic fungi

A-H: Fusarium oxysporum f. sp. cubense race 4,Foc4; Colletotrichum capsici, CaCaHNWC1701;

Corynespora cassiicola, CcOl;F. oxysporum, CIFo01 ; Curvularia lunata, CW34-4;

Cor. cassiicola, LeCcHNSY 1702 ; Phytophthora nicotianae , PnOl ; Pyricularia oryzae, Pa0l.

YERIR N A 20T (1) , Hodhi 5o BEB17, 1 #
XT 8 A i EL TR A B 3R L3R 3, o rh X A A 22
95 TR AP0 TR R B 5, 3K 54.69% +0.78%
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L RAE A, ANEW, R T8, Wik E2Iln6
(K 2) ;LB AR R = 368 LB A BT i, A
FRAEALRRIE W 4,

Fig. 2 The colony morphology of
endophytic bacteria BEB17

2.1.2 T %7 W7 NCBI %4 it 17
BLAST ) ¥, BEB17 [ % ( GenBank : MF444158 )
Y5 Bacillus subtilis HDYM-28 _B. vallismortis NBIF-
001 .B. amyloliquefaciens FZB42 %) 16S tDNA #H
IAPEARLE 99% LA I, 45 5 Tl ¥ E 25 ik WL 56 A1 2
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WM RS R E W (18 3-A) , 7] W, BEB17 5 B.
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mensis BHTE—DNRKI5 32 1, X1 16S rDNA
FE A o3 A JC A Rk AT X o3, i ) FH At
TR — LY, VP RBIAI gyrB H:
FrAA AR | BB 535 5% 5C R B B TR FR EA T IX
GrtPT, AR AT T IR (4 75 #5 % BEB17 #E—
B, RGO BR (E 3-B) 43 Hi W] : BEB17 1y
gyrB F:H ¥ 51 ( GenBank ; MF471351 ) 5 = Rk fift i
Wy AR R G 3 b REAR A 4 5 A o
AR ZF AT B R AT X0, B 2 38 5E N AR 41 1 BEBL7
J& TR Ve 2E AT ( Bacillus amyloliquefaciens) .
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Table 3 The plate antagonistic activity of endophytic bacteria BEB17
against eight pathogenic fungi

Pathogenic fungi Inhibition rate/% || Pathogenic fungi Inhibition rate/%
Fusarium oxysporum f. sp. cubense race, Foc4 54.69+0.78 F. oxysporum, CIFo01 32.24+1.82
Corynespora cassiicola, LeCcHNSY1702 52.29+0.72 Curvularia lunata, CW34-4 42.54+3.68
Colletotrichum capsici, CaCaHNWC1701 52.20£2.09 Pyricularia oryzae, Pa0l 54.08£5.12
Cor. cassiicola, CcOl 44.51+3.25 Phytophthora nicotianae , Pn01 36.89+2.43

Table 4 The physiological and biochemical property of BEB17

Characteristics Carbon source utilization Nitrogen source utilization
Catalase production (+) Glucose (+) Casein (—)
Gelatin liquefaction (+) Mannitol (+) NH,CI (-)
Starch hydrolysis (+) Lactose (+) Tryptone (+)
H,S produced (+) Xylose (—) Yeast extract (+)
MR reaction (+) Arabic candy (-) KNO,(+)
V-P reaction (+) Maltose (—) (NH,),C,0,(+)
Citrate utilization (—) Xylitol (+) Beef extract (—)
Propionate utilization ( —) Fructose (—)
2% 5% 7% 10% NaCl growth (+) Sucrose (+)

Note: ‘ +’ Positive or available; ‘ —’ Negative or not available.

51 BEB17

57) Bacillus amyloliquefaciens SQR9™(CP006890)
31} B. amyloliquefaciens MAU-B3"(HG514499)
B. siamensis KCTC 13613"(KT781674)

B. amyloliquefaciens FZB42T(CP000560)

B. vallismortis BCRC 17183"(EF433404)

73|r B. subtilis BCRC 102557(EF423592)

68! B. subtilis 168"(AL009126)

B. pumilus SAFR-032"(CP000813)
Escherichia coli K-127(J01695)
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B. amyloliquefaciens SQR9T(CP006890)

B. siamensis KCTC 13613T(KC608573)

B. pumilus SAFR-0327(CP000813)
B. vallismortis BCRC 171837(DQ309298)
B. subtilis 168T(CP010052)
96' B. subtilis BCRC 102557(DQ309293)
E. coli K-127(X04341)
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Fig. 3 Phylogenetic tree of BEB17 and other 9 strains
A ;Phylogentic tree based on 16S rDNA gene;B ;Phylogentic tree based on gyrB gene.
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Fig. 4 The fumigation inhibitory effect of BEB17 against various pathogenic fungi
A-H: Fusarium oxysporum f. sp. cubense race 4 ,Foc4; Colletotrichum capsici, CaCaHNWC1701;
Corynespora cassiicola, CcOl;F. oxysporum, CIFoOl ; Curvularia lunata, CW34-4,

Cor. cassiicola, LeCcHNSY 1702 ; Phytophthora nicotianae , PnO1 ; Pyricularia oryzae, Pa0l.

Table 5 The fumigation inhibitory activity of endophytic bacteria BEB17 VOCs
against eight pathogenic fungi

Pathogenic fungi Inhibition rate/% Pathogenic fungi Inhibition rate/ %
Fusarium oxysporum f. sp. cubense race, Foc4 66.86+0.90 F. oxysporum, CIFo0Ol 33.92+9.75
Corynespora cassiicola, LeCcHNSY1702 56.07+3.08 Curvularia lunata, CW34-4 59.76+7.32
Colletotrichum capsici, CaCaHNWC1701 64.47+2.88 Pyricularia oryzae, Pa0l 55.29+9.01
Cor. cassiicola, CcOl 60.98+4.47 Phytophthora nicotianae , Pn0O1 42.56+3.42
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ﬁﬂlﬁ% B
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10°CFU « mL™" ] e XF R [ (1.7+0.3) x10" CFU -
mL " JFEAKIE 10 5 A B0 9, BEB17 45 & TS 1k
Al 3% 0 Focd 78 F 7¢ PDA -4 b &
(P<0.05)
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Foc4 18 FBA & KO &1 1E A
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[ (4.241.2)x10" CFU - mL™" ] FEXFBE[ (1.3+0.1) x
10° CFU - mL™" | F&f%35 10 f5 0%t 2%, BEB17 4%
RSB ZE A BT o 2 BRI - 3 % Focd ff1F
HE(P<0.05)

25 FERANEHAFERNERLXESEES Focd FE
“ZWEMIERBIE

2 BEB17 # MWK 5, R AT H
Focd W 22 KW K, WY, AR N (10.21£0.12)
pm LA 6 B8 B B 22 AR (3.85£0.24) um I K
292.6 fi5(F 5-A) ; &G WY A5, Bk i 7 24
SLEEE O 1 AH R Y 28 X R (B A A TR 22 ) R DL
Wegets (8 5-B) . Ui BEB17 ¥ & PSRBT
ML AT BE -5 85K Focd 40 i BAH G

Fig. 5 The trypan blue staining of Foc4 after
the inhibition of VOCs fumigation
A :Mycelium of Foc4 without VOCs fumigation of BEB17;
B :Mycelium of Foc4 with VOCs fumigation of BEB17.
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Table 6 The volatile organic components identified from BEB17

Compounds Molecular weight /amu CAS number
Furan, 2-pentyl- 138.104 003777-69-3
Octatriacontyl pentafluoropropionate 696.584 1000351-89-1
1-Tridecene 182.203 002437-56-1
Cyclohexene, 3,5,5-trimethyl- 124.125 000933-12-0
Benzenethiol, 4-methoxy- 140.03 000696-63-9
1-Docosanethiol 342.332 007773-83-3
1-Nitrododecane 215.189 016891-99-9
Cyclohexane, 2,4-diethyl-1-methyl- 154.172 061142-70-9
3-Chloro-2-fluorotoluene 144.014 085089-31-2
Methyl 2-hydroxy-eicosanoate 342.313 1000336-20-4
Octadecane, 1-iodo- 380.194 000629-93-6
Fumaric acid, nonyl pentadecyl ester 452.387 1000339-28-8
Tetradecane 198.235 000629-59-4
Cyclohexane, 1,5-diisopropyl-2,3-dimethyl- 196.219 1000149-58-8
Caryophyllene 204.188 000087-44-5
Cyclohexane, 1,3-dimethyl-, trans- 112.125 002207-03-6
3-Chloro-5, 5-dimethylcyclohex-2-enone 158.05 017530-69-7
n-Tetracosanol-1 354.386 000506-51-4
Pentafluoropropionic acid, dodecyl ester 332.177 006222-04-4
1-Pentadecene 210.235 013360-61-7
3-Eicosene, (E)- 280.313 074685-33-9
Acetic acid, chloro-, hexadecyl ester 318.233 052132-58-8
7-Hexadecene, (Z)- 224.25 035507-09-6
1,2,4-Triazol-4-amine, N-(2-thienylmethyl) - 180.047 308288-21-3
Hexadecane, 7,9-dimethyl- 254.297 021164-95-4
1-(2,2,3,5,6-Pentamethylcyclohex-4-enyl ) -9-
(3,3,4-trimethylcyclohex-1-enyl ) - 466.454 1000373-94-7
3,6-dimethyl-6-ethenyl-dec-4-ene
Phenol, 2,6-bis( 1-methylpropyl) - 206.167 005510-99-6
2-Naphthalenamine, N-phenyl- 219.105 000135-88-6
2-Pentadecanone, 6,10, 14-trimethyl- 268.277 000502-69-2
Cyclopentadecane 210.235 000295-48-7
1,2-Benzisothiazole, 3-( hexahydro-1H-azepin-1-yl)-, 1,1-dioxide 264.093 309735-29-3
Z-5-Nonadecene 266.297 1000131-11-8
Squalene 410.391 000111-02-4

FEs A RS ERSAERESEL A e Hoh
FAVE R 2R AT TR LI02 7725 5 A M SR Th 3RS 2
KR A Y (A-FOR W AN 2-TH FE 28 LR ) X g
FEoCrE R KB A R B AR R A
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