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(1. Pgde R mplersebe BRPT P4 710069)
Q. MEHHAE bR R R AR 450046)

. [8 &) 55 23748 5 R F E(Penicillium expansum)®¥135H , ST5E LT ZWMAMR
W B EBASEE. [ NEREATDH)BIRRY BFEOHEK BA-16, EHAF. &
3 A B 16S rRNA A E 57 5473t iz W S AT 58, ARIE S fig Ik R LA & S Al XA B A 7%
it 3 xH4F AT 3t E Ak BA-16 #4748, 2 PCR Z#L% . WA 4= BLAST o047, KA BIL
ST RN ARE B P )& b 3 B 4R AR R, 3T AR 4 34T HPLC A= MALDI-TOF-MS 547 .

[£R]) 2% %, BA-16 AT A M F AT & (Bacillus amyloliquefaciens), PT1F PCR =44
M F= BLAST 947, ESE BA-16 A sfp #= fenB 2B . HPLC = MS £ R 2 T B LB AR T 4
A Fengycin #= Surfactin BAF 5 Ik £ =45, Fengycin £y AHFENE LR E. [£4£] AHR
sFERREFEROEMG 6 LA BRI T LA =.

KBER: FRFE, MEHFRAA, FRE, FREIFEL, ROFRE

Isolation, identification and characterization of an antagonistic
bacterium against Penicillium expansum
FU Rui-Min'? YU Feng' CHANG Hui-Ping® ZHANG Hong® CHEN Wu-Ling"*

(1. College of Life Science, Northwest University, Xi’an, Shaanxi 710069, China)
(2. Population and Life Department, Henan Institute of Education, Zhengzhou, Henan 450046, China)

Abstract: [Objective] In order to obtain an antagonistic strain which can effectively inhibit the growth
of Penicillium expansum and to identify the antifungal substances produced by this strain. [Methods]
The antagonistic strain BA-16 that could inhibit Penicillium expansum growth was isolated from apple
surface and then identified through phenotypic, physiological, biochemical and phylogenetic (16S
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rRNA gene) analyses. Three primers were designed on the basis of the relevant genes and PCR was
done. After the PCR product was purified and sequenced, the obtained sequences were analyzed by
BLAST. The crude anti-fungal extracts were prepared by using acidic precipitation method and the
active antagonistic substances were purified and identified by HPLC and MALDI-TOF-MS analysis.
[Results] The strain BA-16 was identified as Bacillus amyloliquefaciens. PCR detection and BLAST
analysis revealed that strain BA-16 expressed the sfp and fenB genes. The HPLC and MS analysis
results demonstrated that the fermentation broth of the strain contained fengycin and surfactin.
Moreover, fengycin played an important role in inhibiting Penicillium expansum. [Conclusion] The
strain BA-16 will be a potential biological control agent against blue mold decay in apples.

Keywords: Penicillium expansum, Bacillus amyloliquefaciens, Fengycin, Iturin, Surfactin

BEA NN TR BR R AN BTE 58, AR 20k
2 N TR BB . Herh, 2R R
X PR EE 4 v BE T B2 ML 7 A A P2 IR L IRk
SV T 2R A5 0 T PR ) T A R A 2 AR AR
ZIRITTE R o RTER ZFFAT AR AR A Bt
WPERRIK . AR, AT Z R
VPR LR, T AT R A ) A RN S A
Yo RE— L AR 22 IR AR AR 5 Y
Bk, 3232433 IturinA . Fengycin il SURFACTIN
S, TR TR SRR R R ERR SRR
RRAEHRERE ) 2T 2R I, IR
— R B2 BN, A X e R M) 5 5
AR TS . R ARy, e TR
TAEHE R
AR, BEE BRI P TAER 4t , A
BEZFFRUAT A | ARUEN 2 AR TR A R A S D AL E
FE5E i, A HT PCR FAPRHAGI [F) 2 T kA B A=
A WHER QNG T A YR & (Penicillium
expansum)w@g%i%%ﬁ OSSP S
FECREE N EIREZ—, FXNZmERE, A
S SR T 3 — R P R SR
BRINA DT BA-16, Z5FIZWRAIES . AR
AT RGBS RAER HIT 55 . e %
BRI AR RSB I 5, SEM A NCBI LBl
R BEHTA: 2 (Surfactin inturinA fengycin) /& A3
(sfp, fenB, ituD)BEIF51H), IRtk BA-16 ML
41 DNA SAtsib, R PCR S R#ATAR A IIA: R &
SRR OCHEBRAGI , AR5 FH I BRSO ¥ il 4

HHLEEY), 3R HPLC Al MALDI-TOF-MS X4l
YRR IR T AL R E , AR e AR RS
A5 A DA R SR E A 2 AT B8 T 7 4 Big IR i A
R N T 3R S 0 AR Y B A SR AL S
FET

1 MRSk
1.1 #8
111 EFh. fhRERMERR. SUNEY RES
(Penicillium expansum) H B V8 48 54 4= 99 0F 55 r 2
M PR LT E - (Red Fuji), FHBEPEIS)IEIE
IR AR P B . YEB K535 5E M1 PDA K55
TS WICHRI5]; FE ARG TR AL mC Ty 2 W SCHR[6]
1.1.2  FZEKXFIFA{LEE: Fengycin Fll Surfactin Frifi
AT Sigma AF]; L. SRR . HEEEE N
tagkal, W H Sigma /A Agilnt 1100series =207
FHETE RGN F 26 B 250 R 5 WOk 65 -Fa i 25
JFIG(LC-ESI MS)H1 Waters Alliance2690 =34 i
A% AL (32 E Waters A F]) A1 TSQ Quantum
Discovery —Z¢ VU AT B (35 E Thermo Fisher
Scientific 23 F)ZH AL .
1.2 @EMSTE. Hik

N R R I R T A B AR . HITCTR K
T USSR O, K IR AR ZE 107107 R
BB, K 1070, 107, 107 BREERBIRO IR A 1E
YEB VA |, 37 °C K357 24 h, PRI AR BT
PRI A T Al A S B SR e, K53 G UG
— T,
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DAY R B TR R, PRI 43
PRI THEBURE Ik . AR R R PDA P
B ke, FREDU PR AR SRR T 2S48/ 1A 2.5 em 4k, 28 °C
Fig% 48 h MEHAERARDL , M AP S8 B, S8
P 3 K, PREBUNTE R SR E YEB FAR
I, AR

VR TS AR R T R BERE IRk, 37 °C.
150 r/min JE%H:3E 72 h, S Pathak 2470
Tl B VAT T 4 R TRV, IO I % R TR 200 pL
BEAAREAR R, SR A AR PG ) B kG 40
BERAEPLY TR & MBE . 28 °C 537 24 h J5 I
TR RE B, PRk AR K I BR AR e — 2B 5E
A LT AKAE X IR, SCa B 3 Ik
1.3 EMHESESSEEEUERE

W IR T R R 2R gt | e i fUBE W AR TR IR
MEBRHAER, ABAER NS IR (A ESE
g ) 1,

1.4 16S rRNA EEF5|H 47

il F A TATBR A Rl AR SE R 4] DNA R
SRR S BT IR B AR A SE R 41 DNA, DU
PR, 2% 3CHR[12]351F 16S rRNA JE[H ) PCR 4"
P s L 1,PCR WA ZR (25 ul): 50 mg/L
BEHE 1 uL, 10 umol/L | FiE5144% 0.5 uL, Pfiu PCR
MasterMix 12.5 pL, XZ&7K 10.5 uLo [ 5544 : 94 °C
3 min; 94 °C 1 min, 55 °C 1 min, 72 °C 2 min,

F 1 HTH1E16S rRNA. sfp. ItuD. fenB EEHRY

5149
Table 1 Primers for amplification of 16S rRNA, sfp,
ItuD and fenB gene
HEA GlL7)52] KB
Gene Primers sequence (5'—3') Size (bp)
16S AGAGTTTGATCATGGCTCAG 1 468
rRNA CTACGGTTACCTTGTTACGAC
i ATGAAGTTTACGGAATTTA 675
vp TTATAAAAGCTCTTCGTACG
fenB CTATAGTTTGTTGACGGCTC 1 400
CAGCACTGGTTCTTGTCGCA
ItuD ATGACAATCTTGCCTTTTTA 1203
“ TATTTTAAAATCCGCAATT

30 MEFR; 72 °C 10 min, H A H B4 Sanprep A3
PCR A5 & (A T4 TRABRA &L,
ez s B R Tl P8l . H BLAST B
P35 45 58 5 GenBank A& H R 16S rRNA 3
KT HHEAT X 04, KA MEGA 4.1 I RSk
BRI,

1.5 BERAEME RS HEBHEXERE R T
1.5.1 S it: DBk EE 4] DNA SRR
T PCR, PG5 1, PCR RMAKZR (25 uL):
50 mg/L #i4% 1 uL, 10 pmol/L | RS 4145 0.5 uL,
Pfi PCR MasterMix 12.5 uL, X{Z%/K 10.5 pL. S0
FE

1 sfp W5 94 °C 5 min; 94 °C 1 min,
48°C30s, 72°C 1 min, 30 ME¥; 72 °C 10 min,

P48 fenB fI5544: 94 °C 5 min; 94 °C 1 min,
55°C30s, 72 °C 2 min, 30 M§¥H; 72 °C 10 min,

P48 1tuD (9544 : 94 °C 5 min; 94 °C 1 min,
58°C30s, 72°C 2 min, 30 MEFF; 72 °C 10 min,

frfg PCR HAH 4 Sanprep ££30 PCR 5
(B T TRABRA F)AIE.,

1.5.2  SEBEF: K PCR P24y Il ik 4 5] va e 2 A
pGM-T I, 4k E. coli J108, W IR e BRI PH P
TORE, KRS E A T,

1.53 FHISH: FiRrsiEsc® NCBI JiRH
BLAST 5 GenBank 88 277 R UE 73 H7 o

1.6 Ek BA-16 i~ HH1R & H &

W57 24 h B TE PR R AR 15 T 8 000 r/min
B0 20 min, FEUUNE, FEE IEWCE T REHEIE
S, FHHEE R 7 mol/L ) HCL ¥ L pH J83% % 2.0,
THE ST /R 10 mL AJCHE B0 (14
10 mL), 4 °C i, 10 000 r/min B.0> 20 min, HX
DUBE, EPUREF A 0.5 mL Ak F A, DAL
TR 2 K, BITRABOR G, TP HMR =
SRR, 28 0.2 pm JEMRE IS B R
1.7 BBRREMEZNSE. dUfEE
1.7.1 HPLC #EBEAUEMREMES: KW
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R2 SURHERIERREY

Table 2 The eluting solution of HPLC

RIAEHER FRE
it 1] Surfactin Fengycin
(Tnll‘lrl‘f) ZIE (01%=#H28) K (0.1%=# LK) i ZIEOA%=HZE) K (0.1%=H ) T
Acetonitrile Water Flow rate Acetonitrile ‘Water Flow rate
(0.1% TFA) (0.1% TFA) (mL/min) (0.1% TFA) (0.1% TFA) (mL/min)
0 20 80 0.8 60 40 1
5 50 50 0.8 60 40 1
15 65 35 0.8 90 10 1
25 65 35 0.8 90 10 1

HPLC 73t 2480 Agilent HPLC 1200series, (141
A ZORBAX Eclipse XDB-Cg; f:il % 44 280 nm,
FERR 30 °C, #EREE 10 uL, SR SRR BEVERG T T
EiaAT, DR 2 iR,

1.7.2 EMERERT BEEEMEN: ¥ Ed
FHETE R PDA SEAR -, 30 °C 1535 3d, JHALAE N
6 mm [WFTFLARER R A i 22 LATHL, 1581 EA N
6 mm EEYF, BHIEFF PDA St o, BEEDE
3 em AMFICE A EAN, AR EUA TN 10 uL 48 HPLC
Sy B AR BN AR K, LA B X I
30 °C 557 5d, XA BEE i i

1.7.3 MALD-TOF-MS %7 il % & i Btk
X} Voyager DE-STR MALDI TOF/TOF H1E KT}
B3, RAIERE T, 7SR 100-2 000 m/z,
EYEHREIER 3.5kV, BTFEMEEEN 20 kV,
WOLIE K 337 nm, FOEIIR 200 Hz,

2 GRE5HH
21 T RESHENERR S BIHIE

S NSRRI BARAT 18 bR, Hop
BEhE 4 bR, A 14 Bk @D PHOIGSEER, ik
W RTHSOLY T R 6 BRko RIA-HAREA 6 bk
R JCAN M A LY T BT 1, SRR 3
MRo SRR 6 PRINAYTE PRGN N A R
T R HBRRCRERIN T B ERN 2R Hp,
BA-16 RHPUSCR Bk, IR HEpbade Hh ok iU 25
e,

22 TREBFENEMRMESESEEEN
£E

Bk BA-16 288 2 [ROL (B, Rl ide i
FrE, A2, A3, HA@EshtE. iZRRTE LB
P EIRINFLE R . WIS AR, THRA
B, G RE., EHEAEPRILEE 4,

K3 TREBENMAMESR

Table 3 The screening results of antagonistic strains
against Penicillium expansum

Wbk TR 5 TR A
Strain Width of inhibition band Diameter of inhibition zone
(mm) (mm)
BA-3 4.196+0.025 3.338+0.026
BA-6 4.980+0.035 4.013+0.028
BA-8 5.980+0.016 4.580+0.023
BA-12 6.650=0.033 5.380+0.024
BA-17 6.880+0.003 5.560+0.002
BA-16 7.050+0.016 5.880+0.036

£ 4 EHE BA-16 BUE IR (4t

Table 4 Physiological and biochemical characteristic of
strain BA-16

SYE| gER SYE| 45

Items Results ! Items Results
Anaerobic growth 3 ! 2% NaCl +
Gelatin hydrolysis 4= : 7% NaCl =
Amylohydrolysis ot i 30°C s
Citrate utilization - 1 50°C -
Tyrosine reaction = : D-glucose A
V-P test + i Maltose +
Indole test + ' Mannitol s

Note: +: Positive; —: Negative.
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96

{ Bacillus subtilis (EU780682)
89 Bacillus subtilis (AJ276351)

Bacillus subtilis (AF074970)

Bacillus amploliquefaciens (AY603658)
BA-16 (KR31430)

Bacillus pumilus (AY456263)

58

82

Bacillus safensis (AF234854)

76 497|: Bacillus aerophilus (AJ831844)
Bacillus altitudinis (AJ831843)

Bacillus vietnamensis (AB099708)

0.005

Thiobacillus hydrothermalis (M90662)

1 E ¥k BA-16 16SrRNA £ [E 754 &t (L #
Figure 1 Phylogenetic tree of 16s rRNA gene sequences of isolated strain BA-16
TE: Z5HXHIFSI GenBank %5859 TGS, 20 SRR ARME, SRR KEEN 0.005 B4 H IR B %

Note: The GenBank accession number of aligned sequences are shown in the brackets. The bootstrap value are shown at the node. Bar 0.005

means the nucleotide substitution rate of 0.005.

AT BA-16 WIEAS . Yt S B BAE Ly
WL AR %58 4 Bacillus sp. .
16S rRNA £ A F5I 44
FEEUEBR BA-16 14 DNA #847 PCR §18 , ¥
JieHL K [l 186 51, 55— Bt 1 468 bp KR 16
rRNA B[, FrifIF 91458 % GenBank (B35
KR31430) . # H: [f] GenBank H'AH it & JF 17
BLAST, %} BLAST 453475347, i3 MEGA 4.1
R ERELBERE 1), KIER BA-16 5
Bacillus amyloliquefaciens AY603658 BYAHRIME LR
99%, LA TEASFHRIE AR B AL S e 25 5 BA-16
B E N Bacillus amyloliquefaciens .
24 BEREMEZRSHHEXREEFIISH
DL iR AR BA-16 [FERZH DNA IR T
PCR ¥4, ZILATAS2I W 55 KZ°R 675 bp 1 1 400 bp
(1) 2571 (B 2) , W2 BIAA sfp FE PR fenB 3E1H
4 PCR =P 2liAbill 7 J5 4458 2 NCBL#FATAE G741
() BLAST [RlEVES T, 455 7R 5 GenBank A Afi
PR L R A B ik 99% , AT i € Hikk BA-16 H

bp bp

2000
1400

1000

750— 675

500

200
100 —

2 FERAZEAEXEE B PCR

Figure 2 PCR detection of lipopeptide related genes

E: M: DNA Marker; 1: IruD J:H; 2. fenB 2 ; 3. sfp
.

Note: M: DNA marker (Sangong) in base pairs of DL2000; 1: [tuD
gene; 2: fenB gene; 3: sfp gene.
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H sfp Fl fenB FEH | K A B #E TT 774 Fengycin
F1 Surfactin PAFIIE RSP R .
2.5 HPLC $#f

FLER W2 HPLC sr@alifb)a , s i BrnE 3.
4 s, KPR Surfactin FRAELEAR: B EFIA] 13.683 .
15.776. 17.741 F1 21.363 min &b H P T ERF (&
3A). [RI—VEMEZRAET, FrliAeshH Surfactin F#1F
I HH PRAE 13.690 min F1 17.781 min (& 3B), {44}
[B]FE bR AEERS 3, #EM )2 Surfactin 1Y [R] R4 5
Fengycin frAE7ESR S A] 20.717 min, 33.665 min
F141.260 min &b 3 T HFFAEIE(E 4A); [A]— VR

A
12t 13.683

15.776

17.741
0.8

0.6 |

Absorbance (mAU)

0.4+

0.2

21.363

N, PrUEE S Fengycin f9HRAEIE H B 7E
20.767 min F1 40.880 min (/8] 4B), XLLIEHTERAE
UEERREIE, DR BRI 5 Fengycin,
2.6 HPLC #BHANUEARYT BRESHURITM
# HPLC 2lifbf5321f9 Surfactin I Fengycin 43
)R T 2 R 3 PV 0 HL o B e 7 4 1 4 i
W S gE Rk 5 s, Fengycin X 8
TR IESCR, SZAMHRAE, Surfactin Xf
PIEH B LTICAMGIVERT, R0 S 2 FL AT T
DR R Y A R R 3 A T AR R IR
H Fengycin.

0 5 10 15 20

0.7
0.6 |

T
———

17.781
0.5

04 F

03
02 |

Absorbance (mAU)

0.1 |

-0l -

-0.2 1 1 1 1

25 30 35 40 45 50

t (min)

t (min)

3 Surfactin ¥r4EFR(A)FI{IR4EZK Surfactin (B)A) HPLC &iZEEE-E & E
Figure 3 HPLC spectra of standard surfactin (A) and test sample surfactin (B)
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25 33.665
20 -
=)
z
~= 15
3
5
S 41.260
5]
2 10 [
< 20.717
5 —
0 1 1 1 1 T T 1 1 1 J
0 5 10 15 20 25 30 35 40 45 50
¢ (min)
20.767
B 4L
oF ﬂ
S 5L
E 5
\g 4k 40.880
g
£ 3t
2
2 2t
1 I /
0 T 1 1 1 1 1 1 )
0 5 10 15 20 25 30 35 40 45 50
t (min)

4 Fengycin #7E (A HXH 7K Fengycin (B)A HPLC &%
Figure 4 HPLC spectra of standard Fengycin (A) and test sample Fengycin (B)

2.7 MALD-TOF-MS ¥£7%&

&5 HEikBA-16 ERREBMT REEHR

Table 5 Antagonistic effect of fractions from BA-16

against Penicillium expansum

2 AT R SO A M, A5 T HLER I A%
BEREF=H IR 2011, P2 2R Ak 6 B

Eitl)z<) = NE K ) . .
25 Inhibition zone (mm) B st 2 25 E"J%‘?ﬂl%(lzl 5), K 5A Bon
Group KIS EFE T Surfactin FHEF Y, H[M+H] . [M+Na] Fl
Surfactin Fengycin M +K]+_’;'9§§?ﬁl] %% 6 Fimx , 18 Surfactin ﬁ:}’ 5’] jﬂ

Treatment group 0.10+0.12 4.68+0.08

Control group

0

0

C13-Surfactin 1 C15-Surfactin, HZE 7 (V& IELER N
Leu; & 5B 7R T Fengycin F k[ 24, Hi[M+H]" .
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100 |-
go || 10304

1058.78
60

Relative abundance (%)

1200

1100

1477.78
1449.74

463.75
1505.64

1435.61

1300 1 400 1500 1600

Charge-mass ratio (m/z)

Bl 5 FHEiEN BA-16 ZEi& P IE KB RIEE
Figure 5 MS spectra of lipopeptides of BA-16

&6 HEHEK BA-16 X EER T E KA BUE 2 T4 R
Table 6 Mass spectrometric analysis of antifungal compounds from the cell-free supernatants of BA-16
B i(ﬁlﬂ*ﬁ)‘ﬁ 5 Eﬂi’ﬁ?ﬁ)ﬁ o4 B’EE LRI
Fraction Expenmen'tal Theoretlcgl Intensity Structure assignment
charge-mass ratio (m/z) charge-mass ratio (m/z) (%)

Surfactin 1030.54 1030.40 32 C13-Surfactin, [M+Na]+
1 058.78 1 058.88 36 C15-Surfactin, [M+Na]+
1435.61 143558 28 Cl14-FengycinA, [M+Na]+
1 449.74 1 449.74 74 C15-FengycinA, [M+Na]+

Fengycin 1 463.75 1 463.78 50 C16-FengycinA, [M+H]+
1477.78 1477.82 56 C17-FengycinA, [M+H]+
1491.82 1491.83 58 C16-FengycinB, [M+H]+
1505.64 1505.65 40 C17-FengycinB, [M+H]+

[M+Na] FI[M+K] 8 T-U1% 6 Fin, Fifd Fengyein 3 33

5+ 9l & Cl4-FengycinA . Cl15-FengycinA

C16-FengycinA Fll C17-FengycinA, iX#t Fengycin
HE 6 iz R NN, Cl6-FengycinB Fl
C17-FengycinB iX ¢ Fengycin H:5f 6 {37 & FEHR A4
WMo Hify PCRAGMAR . HPLC MIBIEAN, AT
15 % WM B i PN ISR I & A Fengycin F1

Surfactin,

M TSR Z R T, AME RIS AR
FNLEAAERR, 17 ELb A 5 i 20 I s LR 4
290k PURNRIRAE A A A2y, AMUBEA —IkT5 3,
AR SR A BT AL AL vl 3R S0 R T 285 1 14
kRN E DA TR T B,

AR 5 i 16 G n) A RS DY R 5T R 09 A
BA-16, MR E IR P AT I . R
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fill B AT 7O B o3 S . e FH B AL )
ARV, o AEYr A B BT B, Bt
5 DRG0 4 0435 e v A3 ™ 0 v T e A AE Y T
Yima; SRIEFIH HPLC FoARX HAA 1432 . 2l
R TERE WD S 0E ; Aemil o B R AR S T 1R
BRIEWIRE T 7+ 8 o Z85 40 T LA L HPLC
TR % e g U R By R R B
BA-16 Al {7/ Surfactin 1 Fengycin PiZEHg L2
PUAER, X5 THIEN 2R T L™= A i ik
Pk B SHARE A

18 33 X6} e Surfactin 1 Fengycin PG Bk pi A
R R EEMINHISCL, Y R s
AIAE K 22 Fengycin, Fengycin J&HH—2% B-Fidk
NEMRsE I —1 10 IKFTE R NERER, ErTPERH
TLLR R BRI, SC3E 2 0 B 1) 3 385
P, NI S AR TR PR AR A A 0o
Fengycin BT EALHIAFE, (HARYEHRIE, TturinA 5
Fengycin [A]J@ TREAZEHUAE R, ARG M = Z0R
THRRIA IR DL SRR imencst A8 4k, 5 anis it
SRR AIEARE L, POTTCEE 5 2 103 S 1 B
FE o BRI L B PR R kB BN T AR 4 T
TR i 2 4 1E 3 6 1k P22 i T Fengycin
5 TturinA 7EZ54_F BARKAAHIME, B A
A K TturinA BIPEEHLEI T Fengycin ML R
HHEAE T2 ARIEPY ) YR Fengycin 6 S0 B & 5
TR B ANIRPRS H 2k FengycinA Fll FengycinB FiFhZ
AU B b d o B A oM A B A BA-16 A
R~ 4 ZFh Fengycin [F &4, HISAIMTE A, B
PR 2SR, BLAk, HPLC ik Bl bk s R
B, Surfactin XF ¥ J&& 7 85 09 30 ] B A B I
Fengycin M HESEE Ak BA-16 54l BERHN EE
Y, XA T r SR,
& % 3 ik
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