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Identification of an antifungal compound produced by
Pseudomonas protegens FD6 and determination of its inhibitory
effect against Botrytis cinerea

YANG Jinglong, SONG Qi, HU Jieyu, JIAO Yongxin, WU Tao, ZHANG Qingxia*

College of Plant Protection, Yangzhou University, Yangzhou, Jiangsu, China

Abstract: [Objective] To explore the antifungal activity and inhibitory mechanism and identify
the main antagonistic substances of the crude extract of Pseudomonas protegens FD6 in
fermentation. [Methods] The plate confrontation test was employed to screen the optimal
medium, extractant, and solvent and determine the antifungal activity stability of the crude
extract. The main antifungal substances in the crude extract were identified by MALDI-TOF/
TOF mass spectrometry, and the antifungal spectrum of the crude extract was explored. The
inhibition mechanism of the crude extract against Botrytis cinerea was investigated by mycelial
morphology observation, spore germination test, PI staining, and conductivity determination.
[Results] The crude extract of FD6 in the potato juice medium without any carbon source
displayed the strongest antifungal activity. The methanol-solved crude extract obtained with
ethyl acetate as the extractant had the strongest inhibitory activity. The main antifungal
substance of the crude extract was identified as a cyclic lipopeptide, orfamide A, based on mass
spectrometry data. In addition, the crude extract displayed broad-spectrum inhibitory activities
against Phomopsis amygdali, Fusarium graminearum, Colletotrichum gloeosporioides, and
Monilinia fructicola. The antifungal activity of the crude extract was stable after treatment at
121 °C for 20 min, within the range of pH 4.0-10.0, and with protease K and trypsin. The
mycelial morphology of B. cinerea became abnormal after treatment with the crude extract. The
treatment with 2.0 mg/mL crude extract completely inhibited the conidial germination of B.
cinerea, caused a 50% damage of the cell membrane, increased the conductivity, and led to
leakage of intracellular nucleic acids and proteins.[Conclusion] The metabolites produced by P.
protegens FD6 have broad-spectrum and stable antifungal activities, serving as lead compounds
for exploration of new green fungicides.
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2 BERGM

2.1 AREESTERE FD6 HIE g8 /1 &
H EZEE

1E PA B35t | FD6 X} B. cinerea Fl R.
solani WIHITE WG PEfm, MEW 5609~ 1.4 cm
A1 1.3 cm; HUOK PSA Bk, FIHEHF 964051
7 0.6 cm A1 0.5 cm; 1fii7E PDA ¥ 573, FD6
BN TS P 59 (] 1A, 1B). FD6 E =441
% 2,4-DAPG Il PLT. i if HPLC & & 43 #7
FD6 fEA[A] 3% 95 3¢ |- 2,4-DAPG F1 PLT 77/
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Figure 1
the antifungal activity and 2,4-DAPG production. A:
Botrytis cinerea; B: Rhizoctonia solani; C: 2,4-DAPG

The effects of different carbon sources on

yield. Different lowercase letters in the graphs
indicate significant differences between different
groups (P<0.05).
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HURLEE DI XS B. cinerea WU B 2, HIK
S DMSO, 1 JG B 7K Ak B 21 A 3 B 400 1R 355
(Bl 2B). KL, J5Zehsdik e H BER % FD6 H
W, X AR RHLEY) 1T MALDI-TOF MS
iRl IR TN ikt /L IR el ESIE 2gpdinsid -
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1 295.914 m/z (M+H] ") F1 1 333.886 m/z ([M+
K]"), %4546 orfamide A 1705 K/INA] LUAA E $T
FAHRYI S A MBI S orfamide A (8] 2C).
2.3 FHERYIIEIENE RIRE R
FHL 2 P %k Bk A Aty o BT /0N 22 28 B 0 T 174 4100

TR EE, P e ik 2.68 cm A1 2.36 cm;
HCRHRL IR . B ERRE . KRS R
R S S o R B A = ey T Rl =

Tl B A TR AR FH A 55 (T8 3) . AR o BT 46 R
FH], pH T 4.0-10.0 (& 4A). 121 °C iR AL B

B 4-—
a
Ethyl acetate g3k I
= b
3 3 g -+
g Botrytis g p 2
3 cinerea % 2
S = =
Z1r
Trichloromethane -
c
C Methanol DMSO ddH,O
N
:i 3 C 1317.906
% 2k AP-ref 0:C1 MS Raw
i 1 333.886
@ 1295914 l
2 f
*g OF S At lA lﬂhl M‘l LT
1300 1320 1340 1360 1380 1400
mlz

E2 FD6AEIRHIZEBUTIANA AN IF 1% AR B 4
Figure 2 Screen of different extractants and solvents and

identification of substances in FD6 crude extracts. A:

Extraction solvent; B: Dissolving agents; C: MALDI-TOF MS spectrum of crude extract. Different lowercase
letters in the graphs indicate significant differences between different groups (£<0.05).

E3  FDeEIRIN A Em R EREAINEE S

Figure 3  Antifungal activity of FD6 crude extract against different pathogenic fungi. A: Phomopsis amygdali,
B: Fusarium graminearum; C: Colletotrichum gloeosporioides; D: Monilinia fructicola; E: Botrytis cinerea; F:

Fusarium moniliforme; G: Ustilago esculenta; H: Gaeumannomyces graminis.
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242 Y FIEL S E RIS
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YEM . 1A 0.6 mg/mL M IRYIALBE B. cinerea 3
AL, fi S A 6 R R SR AR
M 2.0 mg/mL A2 W) AL BRI, 5844 1
B. cinerea 53405 W A FZFAERH (8] 6).
2.4.3 ERYNEFHAEETTE A
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[a—
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1

Antibacterial band width (cm)
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Figure 4 Effects of different treatments on antifungal activity of FD6 crude extract. A: pH; B: Temperature; C:

Protease K and trypsin. Different lowercase letters in the graphs indicate significant differences between different

groups (P<0.05).

El5  FDOARIRYIN 7k B im & B £ S8R0

Figure 5 Effect of the FD6 crude extract on mycelial morphology. A: CK; B-D: Treatments.
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Figure 6 Effects of FD6 crude extracts on spore
germination rate and germ tube length. Different
lowercase letters in the graphs indicate significant
differences between different groups (P<0.05).
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TR SRR A RIS R Bos, M
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Figure 7 Effect of FD6 crude extract on cell membrane of conidia of Botrytis cinerea. A: Spores with damaged

plasma membranes emitted red fluorescence; B: Membrane integrity rate. Different lowercase letters in the

graphs indicate significant differences between different groups (P<0.05).
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Figure 8 Effect of FD6 crude extract on cytoplasmic leakage of Botrytis cinerea. A: Conductivity; B: Nucleic

acids; C: Protein.
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