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Initial study on inhibition of Penicillium expansum by
Pseudomonas sp. YL11 and mechanism
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Abstract: [Background] Apple blue mold rot is an important fruit post-harvest disease that caused by
Penicillium expansum, which affects the quality of the fruit and leads to the rot of the apple resulting in
economic losses. [Objective] To study the inhibitory effect and explore the inhibition mechanism of

Foundation items: National Natural Science Foundation of China (31760494, 31560486); Doctor Foundation of Lanzhou
University of Technology (2014GS02261); The Hongliu Excellent Youth Foundation of Lanzhou
University of Technology
*Corresponding author: Tel: 86-931-2976385; E-mail: wangyanling2003359@126.com
Received: 11-06-2018; Accepted: 25-09-2018; Published online: 19-10-2018
EEWH: FRARFAILE (31760494, 31560486); 4B TR F A 5E4:(2014GS02261); %N TR AFLIALE
75 H ARG H
*BIS1EE : Tel: 0931-2976385; E-mail: wangyanling2003359@126.com
WS HE: 2018-06-11; #EZ HEA: 2018-09-25; MEE % HHA: 2018-10-19



1082 A 2 A

Pseudomonas sp. YL11 on P. expansum. [Methods] We studied the effects of cell-free fermentation
filtrate of Pseudomonas sp. YL11 with different concentration on the growth colony diameter, spore
germination, mycelial dry weight of P. expansum and the lesion diameter of wounded inoculated apple
fruit; We also explored impact of the conductivity, nucleic acid and protein release, AKP content, SDH
activity, ATPase activity and ATP content to reveal the inhibitory mechanism. [Results] Pseudomonas sp.
YLI11 sterile fermentation broth effectively inhibited the growth of P. expansum. The diameter of
inhibition zone was 22.33+0.27 mm and the inhibition titer was 71.67 mm/mL. It also could effectively
inhibit spore germination. The inhibition rate of 100% aseptic fermentation broth to germination reached
80.2%. It had certain inhibition effect on the biomass of P. expansum. The dry weight of mycelium was
4.7 mg/mL and the inhibition rate reached 39.74% when the volume fraction was 100%. Moreover, aseptic
fermentation fluid effectively inhibited extension of lesion diameter of blue mold of apple. The maximum
inhibitory rate reached 47.1% at 3 d. In addition, aseptic fermentation broth treatment increased electrical
conductivity, intracellular nucleic acid, protein release, extracellular AKP content and decreased SDH
activity, ATPase activity and ATP content. The effect was enhanced by the fermentation broth
concentration. [Conclusion] Pseudomonas sp. YL11 disturbed the normal growth of P. expansum by
significantly inhibited the growth of P. expansum, destroyed the structure of cell membrane and reduced
the activity of energy metabolism enzyme. It had a good better biocontrol effect to against blue mold of
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apple and had a potential development value.

Keywords: Pseudomonas, Penicillium expansum, Apple blue mold rot, Inhibition mechanism
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PDA ;9 5(g/L): D45 200.0, HZHE 20.0,
Bilg 20.0, pH F4R, 1x10° Pa K[ 20 min; PDB
KiFRHk . PDA S5 5N INBlE ; LB Hi R ii(g/L):
EHEMR 10.0, BERHEEW 5.0, &1L84 10.0, Bl
15.0, pH 7.0, 1x10° Pa K 20 min.

1.1.2 EERFIFLEE

ARE . EAR. BERERE, bR AEY)
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wl s AANE . EUkEN, EZG R AR PR A ]
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1.2 Pseudomonas sp. YL11 kB2 &INEE LA

1.2.1 Pseudomonas sp. YL11 FToIH % E2RE0H %
¥k Pseudomonas sp. YL11 #FhF LB WK

Wigserh, 37°C, 120 r/min #£3%5H59% 3d, 4°C.

10 000 r/min B5.C>» 15 min, Y FIERAH 022 um
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1.3 Pseudomonas sp. YL11 X} P. expansum FZ18
pigid: 0pA1 )

TCH K BERT P. expansum SR 5200, IE
JrES R TR KBRS P. expansum
A& AR ¥ 36k} 2 IR Vespree I R UNE
55 TR RBERNT P. expansum AKP 2 5%
W EIIAE , K 1 mL f B IFR(10° CFU/mL)#EF
T 50 mL PDB $5 55k, IMA [RYAFR 50 JC
KIEW, 28 °C. 180 r/min FHR%H53% 42 h, LI
PR AR PR Ay 25 6 B S 43R B 6 h URE 1.5 mL,4 °C,
12 000 r/min .0 10 min, FEUTFEBCEWR, FH
PERERRIEAKP)IAGR S E AKP 15 & .

1.4 Pseudomonas sp. YL11 Xt P. expansum ¢ =
ezl oA
141 FTEEEEEXT P. expansum SDH jEM RS2

W5 B e H R O, SRR A
i35 2 € SDH T4
142 FTEEEE®RRT P. expansum S ATP BE N
ATP 2 E/FN

1 mL T2 (10° CFU/MLERT 50 mL
PDB #idr, MMARFEHAT B0 R K R
28 °C. 180 r/min ¥R¥AHGFE 42 h, LIJCHIKNE M
X, BEEIRE 6 h BUFE 1.5 mL, 4 °C. 12 000 r/min
B0 10 min, FFIURER FIEWR, W22k, I
TR ZH 2L AN B SR AR A ., B B T 000 , F ATP
iR &E ATP (195, FERE ATP B
RGN 5E B ATP BEEE
1.5 HIEAE

KT SPSS 17.0 #RAFHATEAE /30T, 45 R LK

PEPREZERIR
2GRS0

2.1 Pseudomonas sp. YL11 3 P. expansum BI3])
E{ER
2.1.1 Pseudomonas sp. YL11 TE LB &% P.

expansum HIHE1ER
80% - 90% . 100% A [FIAFH 5101 Pseudomonas

sp. YL11 Joif ZREE XS P. expansum 146 THIVER
Bl ARFR B3 I, IR BRI R, S
PR TR B0 100% 0, 411 3 B A R
22.33+0.27 mm, RN 71.67 mm/mL (R 1, &
1) PRI E FE BT P. expansum 2256 R, .
WORER BN 22 K 5, TRRRIY, B . W
SR KRG . BEAE R R FE R HE i , R4
/ST
2.1.2 Pseudomonas sp. YL11 TE LB &% P.
expansum F A% BIFZM

TCEKAE BRI P. expansum fF JLT 2 H A
Pseudomonas sp. YL11 JCEE A& RERALELXT 61 & H
A B EMEIERE 2A), TCHEAKLPRE P. expansum
HWFTE 9 h BERARN 99.5%, SxHEMLL, AT
B 80%JCTH & AR AL BRI , #1 T & %K 55.7%,
FEF RN A 44.0%; AAFUIECH 90% T B &
BERAL BRI, TR 36.2%, 5w Al
BNy 63.6%; FUIECH 100%TC & BEBAL T,
TR 19.7%, HFERINEIAA 80.2%.
FHR ) Pseudomonas sp. YL11 JCE & BB 76 F
W A 0 W IEIE R, BEE e T Tk B Y 1
i, P. expansum (A &% W E FEAL(E 2B).

*#x1 AEHEFASEH Pseudomonas sp. YL11 K EE&XT P. expansum HIHNEAER

Table 1 Inhibitory effect of Pseudomonas sp. YL11’s cell-free fermentation filtrate on P. expansum

Tow R BEBAR TR 8 MEE Ez MR
Volume fraction of cell-free fermentation filtrate (%) The diameter of inhibition zone (mm) Inhibition titer (mm/mL)
CK = =
80 15.33+0.32¢ 36.65
90 18.67+0.15b 53.35
100 22.33+0.27a 71.67

Ve [RFIEE S RS R)/NG T REROR 22 5 .35/ (P<0.05).
Note: The different letter means significant difference (P<0.05).
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&1 Pseudomonas sp. YL11 TLHE &K B2 3T P. expansum
HOHIE1E A

Figure 1 Inhibitory activity of strain YLI11’s cell-free
fermentation filtrate on P. expansum

T Ar 100% AT BT KRR B: 90% AR B I A 19
W C: SO%ABUMETCIH AW ; D: 25 XTI,

Note: A: 100% cell-free fermentation filtrate; B: 90% cell-free
fermentation filtrate; C: 80% cell-free fermentation filtrate; D: CK.

A

150

100

50

Spore germination rate (%)

CK 80%  90%  100%
Volume fraction

&2 Pseudomonas sp. YL11 TLHE &K E2% 3T P. expansum
faFEE & RIS

Figure 2 Effects of Pseudomonas sp. YL11’s cell-free
fermentation filtrate on spore germination of P. expansum

F: A TRUKFICH E RG22 BT P expansum
LTI AIEA(400%); B: TCR/KFICH ZBERAEES P, expansum
TR, HIBE EARR/NG R85 182 (P<0.05).
Note: A: Spore germination morphology of P. expansum under

optical microscope (400x); B: The rate of spore germination of P.
expansum, the different letter means significant difference (P<0.05).

2.1.3 Pseudomonas sp. YL11 FLTH & B2&*T P.
expansum £ RN

Pseudomonas sp. YL11 JC B K& B W X P.
expansum TR 9y 5 (W R B34 — 7 R £ FR (18
3), HPIRKAEIE 22K T8 7.8 mg/mL,
TRFU BN 80%H1 90% TC i & T AL BRI, 22+
M 7.7 mg/mL Fl 6.5 mg/mL, 5XFIRAIAH L
JolEEE R, MARRAECN 100%JCH & BRI AL
BUE), WZAKTEHN 4.7 mgmL, Kk
39.74%, 5% RELIAH 22 5 8 35 (P<0.05),
2.1.4 Pseudomonas sp. YL11 JTE & B3I 3E R IR
M RBI E R

80%.90% . 100% AN [FIAFR 5344 Pseudomonas
sp. YL11 JCHH & BEBOW SE R B BE AR
B IHIER, FREE RN, B0
B (] 4A), FEBUHERD 3 d 5, 100%ARFL 350
TCH K BRI SE R RSO R B, Sxt
HE(1.04 co) I EL, S BE EAR(UHN 0.55 em, #7355
$471%; SdM7d )5, ANEHEER L RERIIFRI
R R IIRIRCR, H 100%A R 5% BEm AL
HURIRBEEAS A 1.52 cm F1 2.57 cm, JREREEASY &
AR5 R 38.2%F1 38.1%; 9 d Jii, 25N
SESR BRI BUE LS B EARY R E IAE] 5.15 em,

SE\IO-

% a

E gl T 2

g I T a

=

2 +

§ 67

S b
N e
< gt

=}

2

g 2

=

el

2

F 0

CK 80% 90% 100%
Volume fraction

& 3 Pseudomonas sp. YL11 TE X EEi&XT P. expansum
FHEHF

Figure 3 Effects of Pseudomonas sp. YLI11’s cell-free
fermentation filtrate on mycelial dry weight of P. expansum
i HIBE EARE/ NG FREFRIR 22 57 .3 (P<0.05).

Note: The different letter means significant difference (P<0.05).
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Mean lesion diameter (cm)

[ CK
- . 80%
| == 90% a b p
= 100%

hoe
o

(=}

a
I b p
c
a
fias T
[l
3 5 7 9
Time after inoculation of pathogen (d)

El 4 Pseudomonas sp. YL11 o 4 B AL IR 3 3 RBBEE E RS20
Figure 4 Effects of Pseudomonas sp. YL11 ’s cell-free fermentation filtrate on the diameters of disease spots

e A REALFRTE 2 h J53ERh 23 °)C VA7 3. 5. 7. 9 d JERBERYASfk; B: AREALPETE 2 h J5#ERh 23 °cC A7 3. 5. 7. 9 dJAIRIE

HARREA, HIEE ARG FEERR 28 5 8.5 (P<0.05).

Note: A: Decay lesion of apples after 3, 5, 7, 9 d at 23 °C and 2 h inoculation; B: The diameter of decay lesion of apples after 3, 5, 7,9 d at
23 °C and 2 h inoculation, the different letter means significant difference (P<0.05).

1T 100% 1B 73 B A 1o 00 Ak B 0 R B LA
3.78 cm, RN 26.6%, FIHH A HIHISCER
(K 4B)., FBH F%SE Pseudomonas sp. YL11 JToi A&
B REAT 35 P. expansum WA, ST 413
T T B
2 2 Pseudomonas sp. YL11 X} P. expansum fZ18
EMERYZ 0

2.2.1 Pseudomonas sp. YL11 &K EZ&%T P. expansum
RS E b A

YIS P. expansum BRSPS, 48 S0
BRI L AAEHIN, P, expansum AEIR 2 TE BIHIR
PRAP B Bl F T, o L PR S o A IO A 2 0 R
o, RECEIRR RS RTI R, B TRR E S R
AL T P. expansum 41 R 7P ) AR 1E O
HHIE S AT, X RRZH H (A RS, TS
[F) VA B8 114) G TRT A e 3 ALk R 1) T 7 A T FL 3 R 1 )
= TXTRE, BRSO SE K i dso, Ho
100% /& B i Ak PHETRT A2k YR 1 FEL 3 238 44 K e 34 Sy
. SR TE 12 h R TR, ArieE2 4
H B SN HSE0 , AR P P 0 A R T
KA T RS S, SEGE AT, [ SR
B R, R HEWT Pseudomonas sp. YL11 K& 1%
TR T AU RS0 S 8, (o 4 i B - a7 1 1
hn, KA HETAMNEE, FECR SR

5r -5 CK

& 80%

4r - 90%
I - 100%

Electric conductivity (mS/cm)
o w

0 [ o m m m
0 3 6 9 12 15 18 21
t(h)

%] 5 Pseudomonas sp. YL11 TLE X EEi&XT P. expansum

B3R

Figure 5 Effects of Pseudomonas sp. YL11’s cell-free
fermentation filtrate on conductivity of P. expansum

2.2.2 Pseudomonas sp. YL11 XKEZ&5T P expansum
IS &A= EAl

TR RN AR 1 BT TR AR 1 B e 4 A= A 1 20 i 2
W HIEEAY BT, S A A A B MRS, AR N
FOFEIR . BSR4 AN, i 3 T A
FEFR P R AN A A L A8 AL, T DS R A
MRS SE R E . IR 6 AT, s R AR
b, AbFRZL ODago Fl ODago (HIIME K . KR AL FE
J& P. expansum I PNAZIR R 5 R i2 A 2 A
ANES, Ui Pseudomonas sp. YL11 K BERIR T 41
MR SE R, AR TITINE . 80%F 90%HY
RIBER L 100% K& BER AL BE P. expansum J& EAKE: 3%
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W&I%) ODago F1 ODoso [ENAK, FRUTBIEI IS
TR FIEE [ AR 3D, 80% T 90% 1) & TRV 4
M IR L 100% A& PRI A il TR RE B8 41K
Horb 3 h B AMZ R R RN 1 BTk B Ak B A
K, R IS YT 240 %) 56 B PR AR IR IR B AR
2.2.3 Pseudomonas sp. YL11 KX EZ&%T P. expansum
AKP E 2N

BTk T PR T (A K P) S A7 7E T 20 B 5 2 Pt s .
(B A — P, IE I OL T I AS B 1) 20 L RE B A
MBS B RN ANBR AT o (224 21 B B i 40 i 5 31— o
FEEEMIREIRS , BRI, AKP S K& B8 Bk,
Rl E A I AN A AKP 25 5 A AR AL AT LSz e 7
TR0 M SZ R I DL B 1] 7 BT, Pseudomonas sp.

A
2.0
-©- CK
- 80%
L5r & 90%
_ - 100%
Q 1.0t
Q
0.5F
0.0 o o o o o o o o
0 3 6 9 12 15 18 21
t(h)
B
1.5r
-©- CK
- 80%
L0 & 90%
< -®-100%
g
Q
0.5+
0.0 Q o o Q o Q o

t(h)
6 Pseudomonas sp. YL11 XEZi&%T P. expansum %E8
MEARMERIF M0
Figure 6 Effects of Pseudomonas sp. YL11’s cell-free
fermentation filtrate on nucleic acid and protein release of
P. expansum
W A LEAEBBT P. expansum ZERBEHUR IR, B:
T BB P. expansum & VR R,
Note: A: Effects of cell-free fermentation filtrate on nucleic acid

release of P. expansum; B: Effects of cell-free fermentation filtrate
on protein release of P. expansum.

0.0

Concentration of AKP (kingunit/100 mL)
=

0 6 12 18 24 30 36 42

t(h)
7 Pseudomonas sp. YL11 TLHE X EERALIERT P.
expansum AKP S 2T
Figure 7 Effects of Pseudomonas sp. YL11’s cell-free
fermentation filtrate on the AKP content of P. expansum

YL PR AL PR P i) AKP 5 0 ]I 8 X0
W, Bl R TR IS G, AbSSAish AKP &
SN, X AR AKP & IR R AL,
2% Pseudomonas sp. YL11 KR} P. expansum
ANRLREA —EMIAEIT, 3 A R 45 A 30 a5 1
K, Mush AKP Sarighn, H sk EEnY & Wasoor 4
JHRE B R IR B i
2.3 Pseudomonas sp. YL11 3 P. expansum B¢ =
ezl oA )
2.3.1 Pseudomonas sp. YL11 X EZ&%T P. expansum
SDH B & 4 B9S2

BEHIR I S B (SDH) & TCA g HifE——4
BE TR B2 AR, 75 AR A Y b 456 T4k
RN, TEIR R AE Y e & TARAR |, R 4%
AR LS W AL X A — , W] O A AR A
LRI 22 B 5% 240 L 55 SN B P I 0 % 4 it
WS, NERRARD)—FPbr& . K 8 AlAl,
Pseudomonas sp. YL11 KEERAEHT P expansum
J5, H: SDH G228 FRE, B RAR T A,
6 h FREREIEALS, F/E2 BFEE, 12 h Gt
FRK, AAReSAEA SBEEMEGX. 12h )5
TEPERFERRAL, RUNEMEY BUZm T SDH &1,
HFE A BB T R8s, SDH. il 176 PR
ik, MFE TCA PEFRZBH, SEma R AR 5 1Y RE
QT RAFEERA A K AZRH
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40
I o CK

= B - 80%
E 30t - 90%
; — o 100%
2 st ?
2 20t
T |
2 15¢

10}

5

6 6 ll2 ll8 2I4 Sb 3I6 4I2

t (h)
8 Pseudomonas sp. YL11 FTHE kB RALIEXS P.
expansum SDH SEMHIFZNT
Figure 8 Effects of Pseudomonas sp. YL11’s cell-free
fermentation filtrate on the activity of SDH of P. expansum

2.3.2  Pseudomonas sp. YL11 X EZ&XT P. expansum
= ATP BiE M IR

ATPase J&—JERERE —BERR IR T (ATP)fEAL K i
h R IR (ADP) SRR AR 25 (0, ATP JifY
WY P expansum WIRERAIH R &Y, KA
IGINE T ASFHR B Pseudomonas sp. YL11 K& 1%
WXT P. expansum 1 ATP RS ER9520 . fE 9 7]
H, TE42 h N, AbHR4] ATPase MAKECEIE T
e F TR TR S, HEMRCE Y RIRTE M A
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Figure 9 Effects of Pseudomonas sp. YL11’s cell-free
fermentation filtrate on the activity of ATPase of P. expansum
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Figure 10 Effects of Pseudomonas sp. YL11’s cell-free
fermentation filtrate on the content of ATP in P. expansum
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