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Screening and Identification of Bacillus Antagonist Against Anthracnose of
Jujube and Analysis of Its Antifungal Substances

LI Jiawei, XU Lanyi, WANG Dongshuang, LU Lijie, CHEN Xiaomeng, and ZHANG Dongdong"
(College of Life Science, Agricultural University of Hebei, Baoding, Hebei 071000, China)

Abstract: Bacillus strains isolated from jujube fruits with significant antagonistic activity against
anthracnose was screened by confrontation culture method. The control effect of antagonistic bacteria
against anthracnose was tested by in vivo experiment using winter jujube fruits. The activity and structure
of the antifungal substance from the fermentation supernatant of the antagonistic bacterium were tested by
inhibition zone method and liquid chromatography-mass spectrometry (LC - MS), respectively. Strain
Tj-19 which exhibited significant antagonistic activity against jujube anthracnose was identified as
Bacillus amyloliquefaciens based on the morphological observation, physiological and biochemical
characteristics and /6S rDNA and gyrB sequence analysis. The biocontrol effect of Tj-19 bacteria cell and
its fermentation supernatant on anthracnose of winter jujube fruit reached 74.9% and 75.8%, respectively.
The main antifungal substances from the fermentation broth of strain Tj-19 were Iturin A and Iturin B.
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HE A5, 2006 . FRIE T R B A B RN RO IR LRI ( Colletotrichum gloeosporioides
Penz.), W ZARIERRINAKHER, e AR 2 AR T2k, 5. EREWE. BRABL.
BUHES AR FEBN MM BRI, GOS8 EEFERLRN CHRED 5, 201D,

H AT, 2RI B V6 1 i = B0 S A R0 28 A2 24 7] 0 5 4 8 KT AR PR Hh s S i (20
Bt &, 2017). FAUFREAEERF DT IZ A, NAEBURARE, MAFLHLE, WEMEYRPR
TR AERAR NG ROETE, X 2 MR R R A S PUEE (Khan et al., 2018). ZFfOAT B 5% H () %r
TERAEKTE JIHERE, )5 4y B3 5%, e AR DUty B 2R 1, A R T B PR e A B 770 1 % (Sun et al.,
2013).

REMRPUAE 22 P AT o & i B BB Y . SRIEYEZR (Surfactind AR EE R R (Tturin) I
2K (Fengycin) NEEMARIEPIAER (Liu et al,, 2014). RIENEEREEGTURTE. UM,
PO FEARTEE, I RA — e E e, A REEREE, X AR, 4enl 2 b
AP EBEEMA 558U (Pérez-Garcia et al., 2011). 3R HIVE M b GE L3k 2L B W AEHE
VIR E BT TR BRI, IR AR 0 5052 0 SR iR 2 4 (Bais et al., 2004). Gl R0 0 HE A0
Ji BT A R A E T, K 2 SO I RE RN 1 A S Z S B, A P B R B
P, KGR EFERIEEE R A, By C. Dy E, #F#% % D. F. L. LC Myi@EAE R =55 (Stein,
2005) . Vanittanakom %5 (1986) &I, Bacillus subtilis F-29-3 f&77 4= J1H1] 22 Tt 220K B0 A= K (1) g Bk
KhuE R, B Har 4 872 53 (Fengycin) o v2 55 300 3 0 0 H 2 200K R 45 B P38 2 (Guo et al.
2014).

AP T A I AT SR SI G B T 396 T R TS TR AT S R UV I ) SR AT IR, RS o A TR T (1)
B8R, FEXTRE A BUR AT P08 S, R RO €3l — 5T 1 I R SO FE P B 7 AR B R A
BEAT %558, 1 B N AP STHR A v AR WARIE

L bR

L1 REMREFEATENSS. iFHik

2017 5 10 7 ALY R 2 A el 17 M SE AL 2 A A0 SRS, AURIEL o B A R R
JHE (C. gloeosporioides) FHIALA MY K241 25 TRESLIG ZARAT, 4355 H T A48 9 0 i3 4 A F A [l
SR YL IR IFLI (1) AR 5

W fi R AR SR R 5% HL0, R EF 3 min, 75%BFEAEHE 30 ~ 60 s, TR KMHYE 3 K, 1E
TCRBF PR BERE , NS BEESERAN 50 mL Z&TR/K I =AM, #2IKH%% 30 min, 80 "C/KIA N
15 min, BEAT 2R BUBE BERRRE o TR AR 20 2 2 FLAT T B TRV

A FH 0 URg 35 7 92 0 3 0 70 5 B AR JEL T AT (2 B FE TR RBCR O 2 FUAT 1 (RRIE S 4%, 2018) o
s A ) 3R B R FR R JE B B b B 4R B A & B B IS (Potato dextrose agar, PDA) 5572364 1o,
FEFRE IR 3 om AL 70 B B 2R MR I, B -FAREEA 4 BR, 25 CREFFRIMEIE SR 5d, W
PR AR B L . BN AR R 3 AT, IR LE R 3 IR

1.2 AT E X AR LR E R ARG

FEPUE 3577 SO IR ) % 2 I EMANSE (2018) HIJTVE . RS BT B 18 1 FH TS 7K &
il S T £ A 1 % 10° ofu - mL TR B TR BE LIS 0.22 pm AALIE B U8, [RISCHEVE -
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e AR RS T R W E, I KWEMERTI A 4 NIL, A RIERS PUE B A
TER P TIALEE 10 s JETEB @ TAE G WIET . KRNI D BRI 1 1 28 N2 ML, BRE
ToALEE BRI W VR N IR AN S IRE R, RIRER S MRS, 5 HBEREE
B, 28 CHEFFAPEFE 7d. WIRILET 3 R AR L ZRSRIAN K 7 Jobnit (FEERS 4, 2017)
TR ARSI R, HERERE. BSR (%) = GHBRFERE - ABERERED SR
T5¥E4 x 100. F SPSS 17.0 ¥ 1) ANOVA #2747 77 2 73 #ft, ¥ FH Duncan’s ¥ & 215347 2
S E A

1.3 EEfELEE

Z:2% (AR R H € F M) BIO7E TR AR TS A A 2 AR AL FRArkr il (Buchanan &
Gibbons, 1994) , F|Fi# 514 27F/1495R (Robertson et al., 2001) £ UP-1S/UP-2Sr (Yamamoto
& Harayama, 1995) 735 HEHEPUR 16S rDNA Fl gyrB [751 . PCR P24 7 45 A NCBI 4 2 v
F BLAST #4750, SEEEMRT P37 REME L, FH MEGAS.0 IR RAKE WM.

14 HmELE EERPINEYROINEE NS

H 6 mol - L ShERIA AT S PU B K B EIEW A pH 2.0, T 4 CHAFIER: 80001 - min B
0 20 min, KR FIEWR, DU pH 2.0 (2588 FoKpPdk 2 i, FEH FEEAEE 2 i, ARG A1 0.22
m BEK PSS YE . K H R AR OO A e 28 R L BRI RE, R AR SR U F S AR AR 1 T R K AR
TR ETEYE (Zhang et al., 2017b) .
M I B AR ORI 4 BT B R IS O S B AR IR B (4GP (Che etal., 2015)
B9 B M 2 PDA RHHT, 25 CHEIEREFR 7 do ¥ 10 mL RN E R, J0 B B
BRI RE, TR HEEKRBEF PR THESIORE N 1< 10°4 -mL', f7HE
I BRTH BRI T U B K 10 mL 95 JE B AL T2 F R 100 mL PDA £5 3738 R & 5 814, L
JEE B BT AR H 0 2.2 em (AL B I AIHT 4 N EAERN 0.7 em (4L, 76 3 ML I 30 pL K2 EA,
FEM 1AL IO 30 L EEEFRFEE AN, RIGHLES 3 K. BFRET 25 CHEERFRM, 5
d JE IS0 B B EA

L5 HEELE DERINEIREADN

¥ FREAHURGE T LC-MS 7087, 5@ KMy aifi . SRR 1200 R0 5800 AH ik
X (Santa Clara, USA) £l MS-C18 AHA: (50 mm x 2.1 mm, 1.8 ym) #4790 E. RN (A
0.1% FF /K VEWA (B) ZHELL 60: 40 LLBIIR 4, WA 0.8 mL - min', FEE N 25 °C, Ak
9210 nm. =RGBAR S B A Y T 2R LS 6410 = HEIUNAT B OGHAT I E, BT
KA M B TR, PRI A N IR &b ds, Wi RN 45kV, BAEERE N300 C, &
MR AIEE T (Waseem etal., 2009)

2 RS0

2.1 RIERAREREFENAREIHE

MAACR S 3L BARAT 2 fUAT IR 248 i, b 83 BRI RIS A 5 B RS Pid 1 2k
FERT BAEIF BRI G T R B a0 12 AN TRIRR, AP EL I 3 VROE AT TR A8 A 0 R R A R PR AL
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ZIR1G 1 MRFEPUIE T B o 1 B PR, 95N Tj-19
(K 1,

22 HEMEMNERRERARERNGAY
ES

TEFM B AR IE TR 7 d Ja R & Ab B 3
TR ISR EpIE SR A (B2, £ 1. H
T ) 458 P 1t L T (10056 R BR3P R,
TEFEECN 84.6. Tj-19 WA K Tj-19 K FiEHR

> =N S : e
DULE SRR T HI, Fod Tj-19 w kit 1 SRR Ti-10 MAARARER (G WRRIER
fﬂfﬁ% T‘E’Tﬁ?ﬂ 21.2, |3jj‘]‘ﬁ g&%j\j 74.9%, Tj- 19 Fig.1 The antagonism of Bacillus Tj-19 against Colletotrichum
K BB ER S TR EON 20.5, BIARCR locosporioides (Cg)
75.8%

F 1 FHRATEERE Tj-19 REAE FERNE T RERN
AHR
Table 1 The control effects of Bacillus antagonist Tj-19 and its

fermentation supernatant against jujube fruit anthracnose

S disease
— ' R B
H =) (]

ALEE Treatment Disease index Control efficiency
Xt Control 84.6+43a -
Tj-19 Bk 2124270 74.9
Tj-19 bacteria cells
Tj-19 KB L3R 205+22b 75.8

Tj-19 fermentation supernatant
e RPEEONTIME £ WMEZE, AR B R HE N 2 5
FHEFIRIER R FABR
Fig. 2 The control effects of Bacillus antagonist Tj-19 (A) and its

fermentation supernatant (B) against jujube fruit anthracnose

Note: The data were average + SD, different letters indicate

significant difference at 0.05 level.

disease

23 HEMEMELERE

76 NA KRt b, $5PUH Tj-19 B mE L01E, AEAREN, G8ASE, Rk
B B 9% fE AR T 45, R, 2Ol IR, EARRER, A 2R,
RGP R, WA R R

A PRAE AL TR AR AN O AL ARG . PR RS V-P R FIRLREG . BERE R EE CREIATRE
FUME. HEBER W1, WM. B EBRAI AR BRI R AR AR5 B R
RS . BRI SR K ARG 25 SRS VB M . AR #h A0 S . IRBER IS . RN AR
BRI 2O FRI . WA RS R RIS 25 BB . BIEPUE Tj-19 BARIEES . BEIERE &
AFAENRE S (AN KRS FM) T8, Yo% e HONZERaMEE (Bacillus spp.) .

# Tj-19 Htk 16S rDNA Fl gyrB 41 5 GenBank T A BEAT LA, FRAGHHIIT IO 2F F0AT 15 JB br v
PRI 16S TDNA 1 gyrB [7 51, 193] Tj-19 KA KRR ML B ERGE R BN (3, B4,
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Tj-19 Btk 16S rDNA &5 5 RvEH 2 fFF# NBRC 3035" Bk A RIJSEARLIE A 99.85%, gyrB FE5
5 R S AT B BCRC 141937 BRI IR AU N 96.84%. HR4E 165 rDNA FI gyrB 7 5L
AR, WE Tj-19 NMEGER ZFHEFTF B (Bacillus amyloliquefaciens) .

U LRI HEHINFE Bacillus tequilensis KCTC 13622 (AYTO01000043)
Tk R AT &S Bacillus halotolerans ATCC 25096 (LPVF01000003)
MR ZEHIFFE Bacillus subtilis KCTC 134297 (AMXN01000021)
AR AT Bacillus nakamurai NRRL B-410917 (LSAZ01000028)
FRIE R RS Bacillus amyloliquefaciens NBRC 30357 (AB679994.1)
Tj-19
%éﬁ%}ﬂﬂ:%{ Bacillus atrophaeus JCM 9070 (AB021181)
BB EHIATFE Bacillus swezeyi NRRL B-41294T (MRBK01000096)
M ARFEFFF B Bacillus licheniformis ATCC 145807 (AE017333)
RIBPIEZEAIT T Bacillus sonorensis NBRC 101234 (AYTN01000016)
4< HEIF AT Bacillus marisflavi JICM 11544™ (LGUE01000011)
YT IRIR A B Bacillus shackletonii LMG 18435T (LJIC01000006)
SEANFEFFFE Bacillus pumilus ATCC 7061 (ABRX01000007)
SRR B FAT & Bacillus idriensis SMC 4352-2T (AY904033)

0.005
B3 ET 165 rDNA FFIHTEHE Tj-19 RIEXEKNRGEL T

Fig. 3 Neighbor-joining tree showing relationship between Tj-19 and related strains based on the 765 rDNA sequence

Tj-19
FRIE R RS Bacillus amyloliquefaciens BCRC 141937 (DQ309309.1)
D SERR AN B Bacillus velezensis BCRC 174677 (DQ903176.1)
38 AT H Bacillus siamensis KCTC 136137 (KC608573.1)
FEURHEHITFE Bacillus atrophaeus BCRC 17123" (DQ309296.1)
MELZEFUFF B Bacillus subtilis BCRC 17366 (DQ309299.1)
e 2 RIZEHIAT B Bacillus vallismortis BCRC 171837 (DQ309298.1)
YRR E Bacillus mojavensis BCRC 17124 (DQ309297.1)
IR B Bacillus malacitensis CECT 5687" (DQ903179.1)

BB HIFFE Bacillus mojavensis BCRC 175317 (DQ309303.1)
T KR Kurthia gibsonii DSM 20636 (KM670918.1)

0.1
4 BF g FIIMFERE Tj-19 RIEXEHNRLEL TR

Fig. 4 Neighbor-joining tree showing relationship between antagonist Tj-19 and related strains based on the gyrB sequence

24 FEHRENEYREE

B. amyloliquefaciens Tj-19 K TCH _FIGHR
FH TR B0 A T T A RUR B2 (B 5D
FH LC-MS %58 1 Tj-19 KB E & H Y
JR &, M4 LC-MS HIFHE Tk (B 6) | g L |
PEHUAR B 18143 504 0,67, 0.92. 1.15. 1.58, i T ¥ g
2.36 F1 3.24 min 19 1% EIEAT 20 T 45 SRR W, ¢ ' "
ST BT miz 9 1043.79 3R M + H]T &
HNCI4FREEHE A (B 7, A) 5 1057.82 % . zza;%mmz -

N e [#l5 B. amyloliquefaciens Tj-19 B &I
1058.17 X‘j‘& E](J [M + H] +j’\j Cl15 @*EE%% B, Fig. 5 Antifungal activity of the crude extract from
1 079.76 Xﬂ‘ & E(] [M + Na] + j\j C15 ,ﬁ} *ﬁg%% B.amyloliquefaciens Tj-19 fermentation against Colletotrichum
loeosporioides Penz.

A, 109519 X RFIIM + K1 C15 fH B -

L TRomiLnn

de extraction
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HEA (&7, O ; 1071.83 MR [M+H]" N Cl6 HMiEREZE A (Bl 7, D) ; 1068.66 %M [M +
KI"A CI13 A E E B, 1085.76 AR [M +H]H C17 AR E R A, 1109.86 % 1) [M + K]™
N CI6 R E R A (7, E) 5 1071.94 XM M+ HI ™A Cl6 RSB 2 A, 1 108.93 X MifH)
IM+K]"HC17 M EEZ B (B 7, F) o ZEERTA, Tj-19 WA K C14 ~ C17 AT E R A Fl
C13. C15. C17 BB R B Skt E =

| 0.92
g—_ 067
10 158 2
g 6]
T e )J172
m(§4— 115
Be ]
o = ]
g 2 4 ',l
O_IIYI|YIYI| — T T T T T T T T T T T T T T T T T T T T
0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00

{4 Bt E)/min  Retention time

B 6 Bacillus amyloliquefaciens Tj-19 B & B AR IR B PR R A PR e

Fig. 6 The positive ion flow spectra of LC-MS for the crude extract from Bacillus amyloliquefaciens Tj-19 fermentation broth
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miz miz
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Fig.7 Mass spectrum at the retention time of 0.67 (A), 0.92 (B), 1.15 (C), 1.58 (D), 2.26 (E) and 3.24 (F) min
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3 Wi

VR 2 WIEFL 2 B A 15 T e 58 A5 A eI B PR AR o SEARA BT B2 RE (Metschnikowia pulcherrima)
RER8 A U7 16 JRIER B AT RS B4R gy, i) B e gt . SRR . nIVEPERETEY . SRR AR
= CEHENAM, RFFRSEMIEM R (Tianetal., 2017) o Z4EFHIM R (Bacillus atrophaeus)
B5 e RN G R RF 758 (Annona muricata) FIMEL (Persea americana) S5 IRJH I

(Guardado-Valdivia et al., 2018) . M EEH 7 & BRI EELE (Saccharomyces cerevisiae) et 7y
WAPT TR P N R TEL S B o AE AT O, TR AR B-1,3 - R SRR LTS, )RR A SR S e Bl 5
BRI WCGR AT E Z R (Liu et al., 2018) o AN[FEIZK SRR A 2B 16 R A A b5 o 1A T
AORIEIR I BT VE PR AL 1 AT SR BAR PR SCHE

Hil B NEVIRIRPR L3 . MR AR A v b 75 B 97 ade H () g U K 2 R B T A 6 AN
[FEVE 2 Mo 3 A BUER, WREEY. Bk, KRS (Wang et al., 2016; FIEA 55, 2018) .
FEVER ZETOATEE S1 X % WRATF B (Clavibacter michiganensis) 578 2 A 40 M i50z99 B VG
RO EE, FEAEMBIOHERE ) = W LR e dE kA K (Gautam etal., 2019) - MAZSHR
BBl - 458 73 B9 B M VE A0 2R AT B TB6 RERE B IR AN SRPR T 3 R 1 F= B2 AN 2 FE 1%, 1R S IREG . %4k
AMGFIRE IR RS VE, PRARLT4ERBEETE; HLAh, Btk TB6 REf 1Y IN 2 My A0 B A S A0 S e
PEFAR AR, AR AIEET &2 (Tianetal., 2018) o Bacillus amyloliquefaciens FZB42 il 7= 4 ig
ik#i4E & Bacillomycin D I R B8k 1B (Fusarium graminearum) 22 F 53 £, PGS AE
S TR, Bacillomycin D 3 3URA 9k T T R 22 M0 73 A= A6 5 IR 4 fO B2 X T A8 77 AR eAg
R ML LR, Bacillomycin D 753 AR 9T #2280 73 A1+ s A R R, S84l
FFET: (Guetal., 2017). ASHF T RUER ZFHUFT B Tj-19 X AURIF AP ¥A RURIL H 74.9%, BefS
A RBIE RIEIR B R A, R R R AT ORI B B VR SR AL T nT S R o SR A

G3 WA A AU P A B A KA SR T A2 S T TR 7 2 R A o A B R AR 3 ( Caulier et
al., 2019) , FPAEPUBEIETEY) IR LB AL AL ) EZHLH (Calvo-Garrido etal., 20190 , JRk$iE
RRTEMEYT . ZF A B R BT vE SR 2 2 MR RS20, 1R A B A 50 T DL E e R A A
PO, P2 BRI =B, I BRI 5 70, 23R, & — PR I RAE Y & 245 95 (Zhang
etal., 2017b) - MFEAIH B HIN AN R Bacillus subtilis BAT 73 W= R E R A, BE R 1)
TR A, G B aitia, BIEPIROE 64.2%, HIREMT AEE (Yeetal, 2012) .
Caldeira %5 (2011) F|H LC-ESI-MS FlHu i i PERC AR 45 A TG % %€ T B, amyloliquefaciens
CCMI 1051 A B A FL T 2 MR IE, - H R AN TR ZE AT 3R 4E, BR800 R FH i 5
Tj-19 K EIH MO ZORIE SR BTG RO B2, H BN E Y USRS 2 . PR BB 2 i i oe v
U, AEPPERRVEREETPASE, RERSTI 32 2 A B B LA WLV, ART T A ™, Wy E
it FH IS RS AT IR BOR SR 7 OREE (BRIEHT 4%, 2018)

Tj-19 Bk A R I R IE i B 7 8 T A AR 4 (0 S 5%, I RO B A ek 254 it
JIHI BRI S 5 S+
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