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Breeding of antagonistic bacteria against Penicillium expansum
and study on its inhibition mechanism
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Abstract: To breed the antagonistic strain which can inhibit Penicillium expansum effectively, and discuss its
antibacterial mechanism preliminarily.An antagonistic strain BA-16,which could inhibit Penicillium expansum,was
isolated from apple surface and identified based on phenotypic, physiological, biochemical and phylogenetic(16S
rDNA) studies.In order to enhance its antagonistic capability ,the mutation of BA-16 was carried out by using low
energy N*implantation.Double enzyme reaction system was used to detect the phospholipase A (PLA) activity of
Penicillium expansum under the action of wild - type antagonistic strain and its mutant. The strain BA-16 was
identified as Bacillus amyloliquefaciens.After the low energy N + implantation, the mutant BA-16-8 , which showed
the strongest antagonist capability and stable hereditary stability was selected out. In phospholipase activity
detection, mutant showed stronger inhibition against PLA activity secreted by Penicillium expansum than its wild-
type strain.Moreover, as the concentration of fermentation broth increased, the inhibition effect enhanced, which
indicated that it was possibly the inhibitory mechanism of antagonistic strain against Penicillium expansum. The
mutant BA-16-8 will be a potential biological control agent against apple blue mold decay.
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) 3222 7 AT 02 DA 25 A8 TR A s S5 ) BT B Ry
L ARSE AT N BAR B S A R N R R R S
Ay A= (B B 55 9 T TR BT 24 PR BE R A AT] £ 5 B R
BRI , L2526 7k 2 B WA AT
Al AN RS Tk AR — e R L AT LU IR
I DR ) A K EL 25 ) 5 i 7Kk SR 14 XU IR RN A8 3R A L,
HALERAS 2 25 38 il gk F, e Ah, Ab 31 A o AH X 8¢
5o TR AE SR AR 240 95 J52 B A B AT 3 31 7K
SR BI7 5 ARG 1) A= W B 6 7 1A SR K R SR A S e
B V6 DT 7125, NS 23 A48 7K SR 10 38 37 XK, i
AT LLTH B B T b 2 24 750 6 A A gt R BT s s 1 B AR,
WO T LA B 8 R 7K SR BT T AR X T 9T R

AR O BB AR X T IRE BRI AR
FITFIEHRE , SR 09 A= W 5 ¥ o 2 B AR b T AR B
B, Li 28 A WETT TR R LT BERE B 1A S R SR S KR
I3 AT B e AL, A 3% e 08 o 5 S 3 SR b o
SR ) Tl R 22 1553 4 A TR A% 9 P R e R O o) ST RN T
o S A AE P A T 3555 30 2R v [ A ATL S AR o 1 e 1Y)
Ak, BEAb 12 P Sk R T B ) 25 () R0 R S A
TR A . Ja ok, AR 22 & 30 2E 74T 3 S 1Y
— LB AR AT LU H Y R R K. Lee™ 2 AR
AEAE P AR BR 43 85 Al 5 2E AT I S16 T T i
Xop SR A S5 3 ML R oK 2 R B I AE I BTG VE T, R
P AT AR R T A . BEIERE A /ER
R IEME BT B BUR N T, X T B AR AR Y 26 0 1 E
FEANAAZ A 5 258 B AVE ), A H 38 U W 28 74T B 0
AR an = R 2R S5 g RS 7= Wy A ST WENE T A BT
P A g

AL 06 35 NS LR T 43 2 O 0k B — R X P R
T EHAFEDE B HE R BA-16, 455 iZ R IE S
AR AR A AL Sy F R G K S RRIE S M 45 SR %
HIF T E, IR AAMAE N* A SR H ik 4755
A% DIISRAS AT A RO U HE 2506 B AR, D B SR
R T R 4 5 50 R H R R B AR W B YA 25w IR
Fehili o
1 #HE5H*®
1.1 MHRENE

BURW Y R H % (Penicillium expansum) R PY
B T o T B, A AR SR T R PR 1 1T L

N2+ APL BNU-400 R} b 50 i 8 4
BT, N B FREE Y 25 KeV, B 0.4 mA | 125
BEf1 5 x107° Pa,

1.2 EFE

FPREE A RS R A (YEB) PSP m ks
KA NE 3 g, M 10 g, NaCl 5 g, BUIE
15~20 g,7K 1000 mL,pH7.4~76.

PDA (5 4% 25 % 3% L) I+ 9% IR M 10 o 19 5%
FEO L A EE 200 g, WIABE 20 g, BAE 15~20 g, 2518
7K 1000 ml.,pH7.2.

PR A W5 SR8 FH T R e Ho osl B A P vel P B
JKEE ' 490 20 g, L- 2R 5 g, MgS0,0.5 g,
KCl1 0.5 g,KH,PO, 1 g,FeSO, 0.15 g,MnSO,5 g,CuSO,
0.16 mg,ZEME7K 1000 mL,pH7.2.
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ML R R P R T S B bR . HIJCRIK
TV S B A, o T AR AR 2 it 107~ 10 7 (B
FERRE,CBE 1070 (1077 10 ™ B JE 5 B W 40 0 U A AE
YEB P4z 1,37 CHEFE 24 h, HRHUA-FH b 0 B Ak
Sy dEAT ik, 49 2 B ST RE R L Sl g DAAE E —
HF5% .

- HOT IR 37 %o 3 B B AR BEA T RS P A i1
e, LAY R 5 S HE s B, B AR DU PR R R T B
HERPT PDA SR b, 995 I B2 A P B b o A5 0 B
PRIFEE R E] B FE S o 2.5 cm 28 C %5 3% 48 h Wi %<
FLAE R, I 0 S P PRI AT S B, SEae Y E A =R,
PRGN B 4547 Te A AR 2 YEB AR b A~ 97 & H .

K407 7 BT A5 T MR BE R PO R R R IR Ik b, 12
AR REFE 72 h(37 °C,150 v/min) , SR RFESE
BT 2 ) A5 TR Rk TG 20 D e TR, T R 10 2 T T
200 WL 42 A AR, SR A AR v RS I R kR G
AU R BRI S LY R E M RE 1. 28 C 557 24 h
Ja T ST AR AR S BB HE B A P B P AR, Pk B
IR RS — 2B T8 . HE 3256 LU JG TR K AE
SRR SEEG A IR
1.4 BEHRAOESESEEBEUETE

o4 52 i T 35 TR AR 48 M £, S I 04 O 45 B AR
MR R BERIE 5. S OMUE Y 29218 F ) Fn
CAAAS N B M 72 T A B ke 19 2 B A A AR AAE A
1.5 16S rRNA EREFE 54547

PR R 1 A L R 2 DNA Sk 2 1) 41 i
16S rRNA 3t m o 5l ¥ 27F (5 -
AGAGTTTGATCATGGCTCAG — 3') Fl 1492R (5’ -
CTACGGTTACCTT GTTACGAC - 3') i# 47 PCR ¥~
P PCR R BIA R 25 pL, BAGFF S0 F :94 C
FiZAs P 3 min, 94 °C 28 £ 1 min, 55 °C iE kK 1 min,
72 °C #EAf 2 min, JEHF 30 ¥k, 72 °C 4E{#H 10 min, F7f5
PCR y=& M gt )5 #2328 28 1 ilg A= T 34700 %,
M P44 9 5 NCBI s 2 HH A SR AP 1) 16S rRNA 2
K% BLAST #2757 #E47 Ee Xt 5381, FIF MEGA4.1
AR =
1.6 BREREMNEEN ENFTES
1.6.1 AESACIE DL U BT A5 00 B8 AR S R B R
P H e 2o RO 5595 24 h J5 , JH 5 mL (g4
FRAKIE Ve B B, IR AR A B B ER i HE IR
RN, TR e, SR 466 EE 110 4 H: 600 nm
Kb G I AR , I K B B TR MR BE & 0Dy, = 0.986, Uik
A BT Ak Y A JEE Sl 10° efu/mL, JH 3l Ik B8 T A W HR
0.1 mLBAE BB H PR T 90 mm Ay IS L, JC
B AR T AT XA Rl i
1.62 BEFiEFEAN FEEAESFILE FHEFEAE,
FTH ML, = N E A, A GER N 25 KeV HIIKAE,
N'8 T, mEAFES BN 1 x 10 1.5 x 107
2.0 x 10" 2.5 x10" 3.0 x 10" ions/cm’,

1.6.3 ZEARKRMTREE  FHJCR A BREL K 1 mL #pyk
BT NS WO, K T A AR BE AT R A R E
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1077 10 F1 1077, 43 31l B 45 76 B¢ A4 T B 0.1 maL g
HAZFTF YEB SEAR I+ ,37 °C 5535 48 h, WL fif 5 38
AR T R TE 2SI I T TR VR T
1.6.4 JHEAFERSIEAE R SRR K IR IR 2
FfF PDA SR |, SR FH AR AR IR AG I 45 28 AR ik br b
JREFERE ST, LS I B B R T R B AR Y S IE
Ak, Z I AT R R IR AR,

TEWE (% ) = W75 J5 0016 B4 0/375 7 Bl 00 75 B
x 100

IEASRR (% ) = 1E 5828 B TR MR B0/ 55725 I B 76 B
x 100
1.7  ETHRIIFIEREEREERT

6 B I PR P B AR AR K A SR AR Rk, B A i =
YEB VAR 2,37 CH55% 24 h, 1ERE—1C, 5 &R
24 hfe—A%, FARIIREALIE I 3 A~ 7w [ K FH 4= EEAR A
R HTC A0 M & P i B b e 75 B 00 0 P, RS T st AL
R PRI
1.8 ¥y RESERL7DDHNBIERENREE

FFEEFRT 48 h (R R i & 55 R MK 10000 g
B0 10 min, Z2BREA 224, IrfS L iE WH 70% B9
BRPR L UTIE , M J&F 10000 x g B0 5 min, BUITHE , FH#E
NEWE A $2 B fE, BT S T AR T R S BN i A
KH & o
1.9 ®BEfEEEEMERNE

WS AT 7 5 2 022 ek HAA SR FH AL
BEAA Z2 2 1,2 — 7 v 9 3 BR @ AR 10 L, Tris — Hel
125 pL, RGEEGHES wl, TR R 4N 50 pl, B
NENE A KLEE R 10 wL, XU SN (9 36 A R B2 . L)
1,2— Wil 3 B N N S8 BN T A (R, I
JE A BT IR |, V. v 1 HH IR AR i b kA AAf R
W, 2 i S A AL B, H X R R A W S i 7R
234 nmAg WIS, B E] P9 (1 h) 3BT
SEAE ARG N 0.1 Bk 1 ASRTE S B o
1.10 EREABEMNBEE S DEELRE A &2

K FAE A BA—16 FIZEAS R BA-16-8 [ A& [
24 hiy R ER A EEHE 10000 x g &0 10 min, 365,
HBUERE L Uk 5 R A JC 40 A & W, H T A5 JC 41 il
W2 53 S ABRSRs 58 A R , I A [ s 86 JBE 1% JIC 400 L < 1%
WA 28 B AR S B AR R AR, 45 H I 1 h, 3
T 5 AR R AE 234 nm Ab B OSGAE, RAAS N JG 40 ity
KRR W AR I S v IO GAE SR 100, 38 i T 4518 5 3
FA) L A i 157 8 45 0% B JC AN M & B2V VE T B s g
Pty 4 o
2 HRE5HW
21 FRESHENEKRNS BMIE

Ze 3t ) O NSEIR R 10 4355 3R A 18 BREA, Hob iz
B4 Rk, ANER 14 B, 380 SR XTI S50, Gk H T
Py RN 6 ko R AR AR IE AL I 7S Mk B 1) TC
ANf K BBy R BN, AR R 1 PR, 4
SRFREA - SRR B ) BE R 40 M RN G AN it R v S by

BHENMERAE TREN2ZR, Hf,BA-16

FYFE PR B 5, ORIk H ke ifUis 2 oe .
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Table 1 The screening results
of antagonistic strains against Penicillium expansum
LS A 5E (mm ) M EAE (mm)
BA-3 4.196 +0.025 3.338 £0.026
BA-6 4.98 £0.035 4.013 £0.028
BA-8 5.98 £0.016 4.58 £0.023
BA-12 6.65 +£0.033 5.38 £0.024
BA-17 6.88 +£0.003 5.56 +£0.002
BA-16 7.05 £0.016 5.88 £0.036

22 FREBENEMIESEFESEEENERE
TR BR BA-16 227 22 [Q YL (O BH M, W OB Ba ks
PR, A 2590, A SeiE , BEAA s sl X RTE LB ~F
M EIENEL A T . RS ST, TR E
o, hiala A, AR A AR A R R 2
F£2 Pk BA-16 194 BA ALRFHE
Table 2 Characteristics of physiology and biochemistry

of BA-16 strains

I H 4R I H 4R

REERK + 2% NaCl +

A J K A + 7% NaCl -
TEN K St + 30 CHE3% +
PR ER R - 50 CHEF -
1% S R S - D- 7% +
V.P S5 + TPk +
0| e S 55 + D— 1 5 +

e +/-FRTE AR AL S5 D B/ B SR+« PR
—: Bk,

Z: iy UL AN T 28 0 20 T ) FTCAA 28 ER 2 i
K SE T EE A AR BA-16 FUIEAS (e (0 e 2R AR
ARAFAE , RT 92 TR AR W) 2D S5 G T i UE By ZF AT T
( Bacillus amyloliquefaciens)
2.3 16S rRNA EEF 5447

PRI #R BA-16 9.5 DNA #E4T PCR §" 44, %
Jre i 3k B 1 3 1), 153 — Bt 1468 bp K1Y 168
rRNA 3t [, Br 3k /7 21 # 3¢ & GenBank, % % 5
No.KR31430, 4 H. [F] GenBank w #H ik # J& # 17
BLAST b X}, X BLAST 4 S 3E 474347, 18 i3 MEGA
41 B RGERBEM (K 1) . RIME R BA-16
Y5 Bacillus amyloliquefaciens AY603658 F4AH LM 1k #|
99% , 45 & bk ny A B A AL S SE 45 R, TTORE TR BR
BA-16 fr 28 4 58 Ny fif BE By ZF 8 AT B ( Bacillus
amyloliquefaciens) .
24 BFENFEER
241 FAEHEFEATE  SRAMKEE N IEARL
BA-16, B/ BRI IZES T RE AR T A58, R Rl
TR X BRI A6 AR IE AR SR AN E] 2 R

H R R AT LR Y, — s Y B N, i A e B
AT BT PR IE 5 A8 AR 1, (W] Bt 2 S BT AR
RIS AT B, — A, 15578 B R A 1% R AE 10% ~
20% , AR BMRIEAS AR v 0 ARS8 oh A
FIEFE 1 x 10" jons/cm” F12 x 10" ions/cm’ B} £ R
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96 Bacillus subtilis(EU780682)
_E Bacillus subtilis(AJ276351)
75 Bacillus subtilis(AF074970)

—E Bacillus amploliquefaciens(AY603658)
66 BA-16

Bacillus pumilus(AY456263)
58 2 Bacillus safensis(AF234854)
76 97 Bacillus aeroophilus(AJ831844)
e Bacillus altitudinis(AJ831843)
Bacillus vietnamensis(AB099708)
Thiobacillus hydrothermalis(M90662)
0.005
[

K1 TPk BA-16 16StRNA [ 41 J 7 2t Ay
Fig.1  Phylogenetic tree of 16s rRNA gene sequences

of isolated strain BA-16

TEAZ (%)
[o)}

i - AR

2t —e— TP R

0 1 il I I
1 1.5 2 2.5 3

N'EAFIE(X 10" jons/cm’)

2 ANTE] N AR SR AL R 5
Fig.2 The effect of different does

of N* implantation on mutants

PETIZYE L, MR H W IR AR & T H, 48 6%
JE, L2 x 10" ions/cm’ 1A A AR A

BIFTE B, M I 46 78BS T I, 473 52 2R [
FTEAS A BT b o ) G I DRl iy e A 2 8 5 B
WIAE FH B A4 248 i, AT S5 S0 TR AR 24 i 453 4 DA T = 3K
FAIE AR R RN, B B0 I P 10 B R AT 2 3O A
RAGEAR WOE AR G T B Fh. 02 3 AR & F 3k
—EfH (1.5 x 10" ions/cm’” ) B, A B AF TG AT
T IF S L AksE R R, I R B T B R Y B
TFHEAFN G A B — i B, A A P R A 4 i
DNA T3 HAE S AL, PR T— B B I AR G AR 2s
A/ w Bl AL Y S A R HE— 20O, s
5 O IO L, PS5 S — 25 T %
2.4.2 BA-16 SRRV B Mot A2 E T R
FAARRGE A N3 ALk 8 MRty R EHE &=
TP AR PR A VE R 2R FOAT B BA-16 BYIEZE A8 Bk, 43 )
XTI 8 A S AL M AT T M X IRy S 8 R AR EEAR S L,
ZERANFR 3 PR o PEHUW BT 58 FI90 e Bl B TE 12
LI E W 2 Bk AR BB KR . amyloliquefaciens BA—16-7
FN Bacillus amyloliquefaciens BA — 16 —8 i F7 /&40 5%
F7, I AT A AR 1 A I A% A B0 Tt TR Y T AR B
REPE, RN 4 s,

R4 AT, S4B 40, 58745 bk BA-16-8 HiiRTE
BB 25 5 AN W35, VL] i S 78 R 1 38t A% AR e PR AT, i
BA-16-7 HLIERE T EA A ARG 25 57 e 35 H 2 3
N RS LI S AR R I B L AR MR 22, A
BRIBALE ™ HE, S BEEX ZE Bk BA-16-8 #H AT/
LTS .
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Table 3 The screening results

of mutants against Penicillium expansum

LS WA FE (mm) 7 B EAE (mm)
BA-16-1 7.25 £0.016 6.06 +0.018
BA-16-2 8.18 +0.036 7.013 +0.026
BA-16-3 8.98 +0.013 7.58 +0.033
BA-16-4 9.85 +0.022 8.38 £0.022
BA-16-5 10.88 +0.021 9.56 +0.011
BA-16-6 11.85 £0.028 10.68 +0.036
BA-16-7 12.65 £0.012 12.01 £0.016
BA-16-8 13.66 +0.036 12.99 +0.006

K4 RAAMSEIY RE R BALRE TE T AE R
Table 4 The Results of genetic stability analysis

of mutants against Penicillium expansum

Tt bk
BA-16-7 BA-16-8
1 11.88 £0.011 12.98 +£0.001
2 11.56 +0.001 12.97 £0.013
3 11.05 £0.016 12.97 £0.012
4 10.18 £0.024 12.97 £0.016
5 9.58 £0.036 12.97 £0.024

2.5 ®iiEEs A HlHI LI

RS T T 10 B 2 A R 5 A8 Ak 11 TC 48 M A BV 5
T LA AN R A S5 7 T8 BE 19 ¥ J32 S S o A W g Tl 2 b7 AR
FH, W g LS O PUAE, AR AR 45 R E 3 fr s, Bl
B R TR BE (A /b, T I A5 995 T T 7 RIS B A 1Y
IE ML T, U W T B T T B S B SZ P
TC A A T T ) 410 o), L3 ook X LY 2 AR R RN B A AR
F1%) TG 24 JH A TR VR ) A0 1 280 2R | 2 9 58 A8 e M I 8OR
DT AR R, 2 A 9 A8 Bk 14 2 T TR i VR A BRI
JE B, FLBEIREE A 3P ILT- 58 el

P, ZF AT B A ™ B a0 = I ER A5 AT 40 A
WEARTE A BUTEHE , ARBFIE Y, 2 BAS HT RACE = 2 Xk
o SR R IT T B AR B A A AR AE R, L3 A B e
BEAE A AR AL, X — BB SR A RE S5 e —
Hy" AN, BT R A LR B 2 G F i S
HE AR, R, 35 P07 4 X w55 s i 1) 41
T T 9% it 55 BHL (A ) 9o D TR L iy R AR . ISk,
WEFE R B, 5 R A RAH LE , SE B R XS BENG BE A 11410 1
VERHZE ] i, 3 16 W 7 155 A8 oo A2 b 58 A8 iR 1 ARG
PRI — e iR BRSSP AE R Rk T, X
Fh A DA AE R — 25 RS T in LASRIE o
3 %Kit

AT F LR IR RIS EEBUR Y R
T, WIS TH 4 B O 1k R T A s LY R
FEIAN TR BA-16, 28 5558, 0 N il B8 A0 28 AT 1
( Bacillus amyloliquefaciens) “h i — 2= 3 8 T Bk BA -
16 PGP RE R EETT, AT RMLEE N + AR
ARXFHHATFEAL . IFUTIE T A [ AT 5 X 58 28 Bk
TENE RANIE AR R, 25 R 8K ,2 x 10" ions/cm’
AR N BAEHAR R &, 38 2 K I 5€ 28 2 1 T 14
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= IJ4EFRBA-16

= SR HRBA-16-18
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(=3

8 i WA X TR (%)
Nw s 2y
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(=3

(=)

1 0.1 0.0l 0.001
B3 AR ST A R
X FETT 0 WA BN A 15 E R0

Fig.3 Effects of fermentation broth in different concentration

0.0001

on the activity of PLA secreted by Penicillium expansum
2 M RN TC 2 D K W A YT R T B BB T, B 2k Hy
PURTERE feoi ELigt A% MERBASUE B ZE AR BA-16-8,,
5 JIT A5 8 A A A HEY A= AR F4) TR S YR R I 40 O A T TR 9
1) Kb B i B RGN X B o 2 D T A9 P
FUSEI , 528 B , TP AR MR AN S AR AR 14 W A [W] 72 )3 Hb
T 5 SRR BT 3 Wt A PR 9 P, G T S IR R 1 T
THIBE ) 2 f v TP AR, e Ab, Bl S 8 19 R U BE B
FEEATR A ) oz 7 1 I, DLW, g Jst o e A 4
HRA R S ) B L AN Fengycin ) 52 0 85 )15 B A A9 95
P, AW FESS A Fr it — A S8 ATESE
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