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Identification of antagonistic bacterium strain Bacillus
amyloliquefaciens 7M1 against Fusarium graminearum and
characterization of the antibiotics from the target strain
RAN Jun-Jian'? XU Jian-Hong' HE Dan' HU Xiao-Dan' SHI Jian-Rong'"

(1. Key Laboratory of Food Quality and Safety of Jiangsu Province-State Key Laboratory Cultivation Base, Key
Laboratory of Control Technology and Standard for Agro-product Quality and Safety, Ministry of Agriculture,
Collaborative Innovation Center for Modern Grain Circulation and Safety, Institute of Food Quality and Safety,
Jiangsu Academy of Agricultural Sciences, Nanjing, Jiangsu 210014, China)

(2. School of Food Science, Henan Institute of Science and Technology, Xinxiang, Henan 453003, China)

Abstract: [Objective] Isolation and identification of a strain with antagonistic activity against
Fusarium graminearum, and the antibiotics from the target strain were identified and their
bio-characteristics, antifungal activity was determined. [Methods] The inhibition activity of
antibiotics was analyzed using oxford cup method and light growth chamber assay. Phylogenetic tree
was constructed using the Neighbor-Joining method based on the 16S rRNA gene sequences, the
antibiotics related genes were amplified by PCR, then the bioinformatics were determined using
online software (Pro Param tool, TMHMM). [Results] The inhibitory zone diameter of 7M1 strain
and antibiotics were 16.3340.13 mm and 15.43+0.21 mm, light growth chamber assay showed that
the control efficacy of wheat scab by 7M1 antibiotics was 76.41%. The 7M1 strain was found closely
related to Bacillus amyloliquefaciens HQ840415.1 (98% similarity) based on the 16S rRNA gene
sequence analysis. The antibiotics showed strong resistance to high temperature and a clear inhibition
zone (5.33+0.32 mm) was still obtained after intense heating treatment of 90 °C for 30 min. The
inhibitory activity was partially sensitive to proteinase K, pepsin and trysin. The antifungal activity
of antibiotics was sustained throughout the pH range from 5.0 to 10.0. Along with the time of
ultraviolet irradiation extending, the inhibitory activity was reduced. The gene essential for bacilysin,
iturin and bacillomycin D synthetase was present in strain 7M1, which was naturally clustered from
Bacillus sp. in GenBank, the amino acid sequence of the encoded product of the bacilysin, iturin and
bacillomycin D synthetase gene exhibited high similarity up to 99% to that of iturin, bacilysin and
bacillomycin D. bacAB encoded protein and ituC encoded protein were stable protein, bamD
encoded protein were unstable protein. In addition, there was no obvious transmembrane structure
present in the encoded product. [Conclusion] The antibiotics extracted from 7M1 had an obvious
inhibiting effect against Fusarium graminearum and the antagonistic activity was resistant to some
extent against temperature, pH proteinase and ultraviolet irradiation. These results suggested that
7M1 antibiotics were a promising material to control wheat scab.

Keywords: Bacilli, Antibiotics, Genes, Antimicrobial activity, Wheat scab

(Wheat scab  Fusarium head (Microdochium nival)
blight FHB)
(F. graminearu)

graminearum) (F. culmorum)

(F. poae) (F. avenaceum) (Bacillus amyloliquefaciens)
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1.4.1
M1
143 EMHYEE: M1 DNA
16S rRNAM!
16S rRNA 27F
(5'-AGAGTTTGATCMTGGCTCAG-3") 1492R

(5'-GGTTACCTTGTTACGACTT-3")

10xTaq buffer (Mg”" free) 5.0 pL  MgCh
(25 mmol/L) 3.0 uL.  dNTP mixer (10 mmol/L)
1.0 uL  Primer 27F (10 pmol/L) 1.5 pL  Primer
1492R (10 pumol/L) 1.5 pL (DNA) 0.7 pL
rTag (5 U/ul) 0.3 pL  ddH,O 37 pL. PCR

98 °C 2 min 98 °C 15 s 55 °C 30 s 72 °C
[.5min 30 72 °C 10 min PCR
T-A pMD-19T E. coli
DHS5a
BLAST  GenBank
(Bootstrap)
1 000
144 HERAIE:
[10] 100 mL
10 000 r/min 15 min
10 mL
15 min (40 Hz 200 W)
1 mL 0.22 pum
4°C
145 FBIEFMEIELLE:
25 cm
50%
500 25 °C
1 pL (

1x10°  /mL)

15 3
25 °C 80%
15d
[11]
(Yo)=I( - )/
1x100
146 EMYRIEESERNE:
2 mL 40 50
60 70 80 90 100 °C
30 min 0.107 MPa 30 min
3 3
2 mL 1g/L
K 20 pL 30 °C
60 min
20 uL PBS (pH 7.0)
3 [13-14] pH
2 mL
0.2 mol/L 0.1 mol/L
1 mol/L pH

20 30 40 50 60 70 80 9.0 10.0
110 12 h pH

pH
3 [15]
2 mL
( 35 mm) 30 W
30 cm 025 05 1.0 1.5 2.0h
20 uL [13]
1.4.7 S190git:
PCR
[16] bamD bacAB ituC
1 482 749
594 bp
1.4.8 PCR #: ™M1
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®1 MERSHEXER

Table 1 Related genes of antibiotics synthetase

Antibiotics Gene Primer Primer sequence (5'—3") PCR product size (bp)
BACD-F AAAAACAGTATTGGTYATCGCTGA
. bacAB 749
Bacilysin BACD-R CCATGATGCC TTCKATRCTGAT
ITUC-F CCCCCTCGGTCAA GTGAATA
, ituC 594
Iturin ITUC-R TTGGTTAAGCCCTGATGCTC
D ITUD-F TTGAAYGTCAGYGCSCCTTT
. . bamD 482
Bacillomycin D ITUD-R TGCGMAAATAATGGSG TCGT
DNA PCR 1.5 BUESH
PCR 25 uL DNA 1 uL
10xPCR 2.5 uL  dNTPs (10 mmol/L) 2 uL. 3 +
Mg®* (25 mmol/L) 1.5 uL 10 umol/L
1 gL ( (1)0 M1/L) 1 uL T( (SLl u/ L; okl
2 pmo ulrilaq 2 .
2.1 2 RN E R TR 2
0.125 pL  ddH,O 16 pL PCR ik;lﬂM)?&?ﬂl,ﬁl % |
94 °C 5 min 94 °C 30 s 57 °C
30s 72°C90s 32 72 °C 10 min
PCR pMD-19T
. 22 h
E. coli DH5a 100 g/L
LB
149 [F5I5#:  NCBI BLAST
ORF Finder (Open reading frame
finder) ™1 o =
3.0 - —e— Growth curve 168
NCBI BLAST GenBank Inhibiting curve y ne
251 °
5 . N 1 2
MEGA 5.1 _20} 108
C st 18 =
(2
le ©
10} 5
1410 EEBEBUMERSH: ProParam tool / {4 2
o]
(http://www.expasy.ch/tools/protparam.html) i // 12 A
0.0 ) 0

1.4.11 FEEIZRE(E S 5 #7:

TMHMM 2.0
dtu.dk/servicess TMHMM/

http://www.cbs.

Y02 4 6 8101214161820222426283032
t(h)

Bl 1 Ehk 7M1 £ & RINE R 2%
Figure 1 Curve on growth of strain 7M1
antimicrobial activity

and
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2.2 Bk 7M1 Y 16S rRNA EFEE M1
M1 16S rRNA PCR 16.33+0.13 mm
1458 bp GenBank 15.43+0.21 mm
BLAST ML 24 EHTMIRE RN X RIERREHHYE
Bacillus amyloliquefaciens 2 M1
98% MEGA 5.0  Neighbor-Joining 15 d
2 ™1 24.33% 22.51%
76.41% 50% 500
2.3 7M1 BRI E ZITERR 35.54% 19.77%
1.4.4 ™1 79.28% ™1
1.4.1 ™1
™1 3
20 A: Z?I:t/lc:lz'lgtl;iz?:;l:l‘;)uefaciens strain Hs9-5 (JF899274.1)
49 L Bacillus amyloliquefaciens strain T004 (HQ840415.1)
65 Bacillus amyloliquefaciens strain ML581 (KC692179.1)
o —— Bacillus amyloliquefaciens strain GC49 (KF158228.1)

65— Bucillus amyloliquefaciens strain D15 (KC441758.1)
Bacillus velezensis strain CR-502 (AY603658.1)
Bacillus idriensis strain SMC 4352-2 (AY904033.1)
Bacillus halodurans (NR 074984.1)

69 —|: Bacillus acidiceler strain CBD 119 (DQ374637.1)
43 Bacillus infantis strain SMC 4352-1 (NR 043267.1)

B2 &k 7M1 B9 16S rRNA EE R (L
Figure 2 Phylogenetic tree of strain 7M1 and telated species based on 16S rRNA gene sequences
Bootstrap GenBank .
Note: Number at notes present bootstrap percentages; GenBank accession number are shown in parentheses.

B3 MREMFETE TMI FIFERE RN RARIERR

Figure 3 Inhibition of Bacillus amyloliquefaciens 7M1 and its antibiotic against Fusarium graminearum
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R2 EHKIMIL X NEFRBRAERIEFEIERR

Table 2 Control efficacy of strain 7M1 on Fusarium

o
graminearum in light growth chamber 90 °C
100 °C
Treatment Incidence Disease Control
(%) index (%) efficacy (%)
M1 37.46+1.32 22.51+£1.47 76.41+0.76
7M1 antibiotics
50%
Carbendazim WP 35.5441.09 19.77+1.54  79.28+0.76
(500%)
o 100.00+£0.00 95.43+1.43 =
Positive control
pH
2.5 MRIEMIFATE M1 FREEMNEEN 10.0 5.0
4
™1
80 °C
e 20 - B 18
g L =
£ E16
CI| §,14
o (@]
S 14}
£ 1| o2
Z 10 210
= )
G
5 6 6
2 g
E 4 S 4
8 2 g
0 a2
CK 40 50 60 70 80 90 100 120 0 ) T
Temperature (°C) CK Protease K Pepsin Trypsin
C D
20 20 -
g 13 E18}
i £
o 16} o l6f
Q Q "
£ 12} Sl
£ 10 =0l
E . :_é 10
& r “— 8t
| s
g % 6l
5 £ 4}
a 2t a
0 N
CK 2.0 3.0 40 5.0 6.0 7.0 8.0 9.0 10.011.0 0

pH CK 025 050 150 1.00 2.00

t(h)
B4 FERAZXNEZNEEEFMm
Figure 4 Inhibitory activity of antibiotics treated by different factors
A B C pH D
Note: A: Temperature; B: Protease; C: pH; D: Time.
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2.6 FREMTFRFE M1 iR ZHEXERNG GenBank
MFR 5> #7 D
3 PCR ( 6) ™M1
3 ( 95 PCR
BLAST 2.8 FRITMFETE M1 iEEAREXER
M1 bacAB Bacillus subtilis isolate  4RABF=HIA9TRIL 14 /R
ME488 (EU334356.1) Bacilysin bacAB
synthetase B (bacB) Bacilysin synthetase A (bacA) 13.23 kD 6.82
99% ituC Bacillus (Asp+Glu) 15
amyloliquefaciens (KP453870.1) Iturin (Arg+Lys) 15 Cs97Ho36N 156017355
A synthetase C 99% bamD 1 867 86.55
Bacillus subtilis (AF184956.1) Mycosubtilin =~ _ o4 25.42%
99% Leu (10.3%) Asp
DNA (8.6%) Lys (7.8%) Pyl  Sec N
D Met ()
3 30 h () 20 h
27 RREMFIAE TMI AR RN R R ¢ oh
ituC 9.62 kD
ML bacAB 8.07 (Asp+Glu) 12
GenBank (Arg+Lys) 13
™1 ituC
GenBank Ci22Hg77N12101325 1 354
"ML  bamD 71.46 —0.87
30.47%
bp MK pacABiC pgmP Thr (12.2%) Glu (9.8%) Gln (8.5%)
Pyl  Sec N Leu
( ) 55h
( ) 3 min ( )
2 min
bamD 10.98 kD
9.57 (Asp+Glu)
8 (Arg+Lys) 12
CagsH799N1390138S6 1 567
105.63 -0.27
68.14%

Leu (13.5%) Lys (8.3%) Asn (8.3%)
73 3l = = e A b F it
5 fREMEFRTE ™I ijninﬁkgﬂﬁ PCR .#—.ia Pyl  Sec N Met
Figure 5 PCR amplification of gene for antibiotics
synthetase of Bacillus amyloliquefaciens 7M1 ( ) 55h
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B 28

12— Bacilysin synthetase A and bacilysin synthetase B (Bacillus amyloliquefaciens TM1)
Bacilysin sgnthetase A (ACB41833.1)
BacA (ABS75822.1) .
Bacilysin biosynthesis grotem bacA éCCF07056.1)
BacA Bacillus sp. CS93 (ACX35420.1)
Bacilysin biosynthesis protein BacA Bacillus subtilis gro%p gWP 003150997.1)
Bacilysin biosynthesis protein BacA Bacillus (WP 015418458.1)
BacA' Bacillus sp. 5SB6 (EIF15120.1)
Bacilysin biosynthesis protein BacA (WP 038460245, 1?
Bacilysin biosynthesis Erotem dehydratase 3CBI44733. )
— Hypothetical protein BSNT 10432 (BAI87436.1)
100 \_‘_': Eac;{ysm Iﬁ;osynmesgs dehgldraéa%e gar%lal (/5/‘5‘[13)(659865245'1?)
acilysin biosynthesis profein dehydratase !
I I §K11906113.1)
Hypothetical protein B4134 2968 (KIL.241

acilysin biosynthesis protein dehydratase

4.1)

turin A synthetase C (ACB41830.1)

Peptide synthetase > 003153929. l\)j

Peptide synthetase Bacillus sybtilis (WP 044053250.1)

turin Bacillus amyloliquefaciens 7M1

Peptide synthetase Bacillus éWP 039251357.1)

turin A Synthetase C (AFZ90899.1

Peptide synthetase ( 014471872. I%

Hypothefical protein partial (WP 019260107.1
onribosomal peptide synthetase (WP 003238
onribosomal peptide ligase subunit (WP 024

Mycosubtilin synthase subunit A (/W 010788

turin A synthetase A (WP 01541 572.1_}

Bacillomycin L synthetase A (AF4994476)

Bacillpmycin D synthetase A (AFG19379. Ig
84 Non-ribosomal péptide synthetase (WP 022553268.1)

78

66 Iturin A synthetase D g)ar’[ial (AHW81957.1)

1ta22 Bacillus sp. CY22 (AAN37954.1)
Putative malonyl-CoA transacylase (AF499447 5)
Iturin A synthetase D (WP 015239954.1)
Iturin A synthetase D partial (AHW81951.1)
BamD Bacillus subtilis (AANO7011.1)
Malonyl-CoA transacylase (WP 043867172.1)
Malonyl-CoA transacylase (WP 025851052.1)
Fengycin F Bacillus subtilis (AEK70953.1)
Malonyl-CoA transacylase (WP 014470342.1)
Malonyl-CoA transacylase (WP 003325992.1)
Bacillomycin D Bacillus amyloliquefaciens TM1
Iturin A synthetase D partial (WP 003325992.1)
69 Malonyl-CoA transacylase (ACB41826.1)

90 Malonyl-CoA transacylase (WP 041907057.1)
Hypothetical protein (WP 017687879.1)

6 3MERRBEFYHIERFIIRRZZREN
Figure 6 Amino acid sequence of the encoded product of three genes and phylogenetic tree
Bootstrap GenBank .A bacAB B ituC C bamD.

Note: Number at notes present bootstrap percentages; GenBank accession number are shown in parentheses. A: bacAB; B: ituC; C: bamD.

( ) 3 min ( ) 3
2 min 3 ™M1
2.9 FREMTFETE M1 MiEEZHNSERER (bacAB ituC bamD)
BIEES A 0.006 15 0
( ) 0.101 13 [17]
60
20 18
N
™M1 (bacAB ituC
bamD) N
™I
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*3 MAXERFDEYHRERERIZESIESTER

Table 3 Results of amino acid transmembrane heices of the encoded product of related genes

Projects bacAB ituC bamD
116 82 96
Number of amino acid
0 0 0
Prediction of transmembrane helical number
0.006 15 0 0.101 13
Amiono acid residue number of transmembrane helical
60 0.001 14 0 0.101 13
The front 60 amino acid residue number
N 0.056 87 0.063 12 0.444 36
The possibility of N-terminal within the cell membrane
S Ly [22]
3 i
(Fengycin)
(18] (Iturin) (Surfactin)
™M1
[19]
5
™1 DNA PCR
M1 bacAB ituC bamD ™1
500 D
3 3
800 (201 M1
[23]
™M1 40 (24] bacAB
90 °C ituC bamD
™1
[21] ™1
M1 pH 5.0-10.0 (bacAB ituC bamD)
N
™1
™M1
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