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Abstract Objective: To investigate the inhibitory mechanism of Bacillus subtilis B579 against Fusariu-
moxysporum. Methods: Co-culture and metabolomics techniques combined with plate inhibition test were
used to screen out the differential metabolites with antibacterial effect. The effects of differential metabo-
lites on the extracellular relative conductivity, malondialdehyde content, soluble protein content, and cata-
lase activity of Fusarium oxysporum mycelium were determined, and the control effiency of these metabo-
lites on cucumber Fusarium wilt were explored. Result: Under co-culture conditions (B579 and patho-
gen) ,48 differential metabolites were found to be highly secreted by B579. Among the 15 differential me-
tabolites tested, trans-cinnamic acid (CA) and palmitic acid (PA) had the strongest inhibitory activity. At
the three treatment concentrations, both CA and PA showed the strongest inhibitory activity at 50 ug/
mL,resulting in inhibition zone diameters of 0. 63 and 1. 27 cm, respectively. In liquid culture, the extra-
cellular relative conductivity, malondialdehyde content, and catalase activity of CA and PA (50 pg/mL)
treated cells were significantly increased, while the intracellular soluble protein content was significantly
decreased. The pot experiment showed that the application of CA and PA achieved the disease control effi-
ciency against cucumber wilt, reaching 67. 58% and 47. 29% respectively. Conclusion: CA and PA
screened under co-culture conditions can cause oxidative damage to the cell membrane of pathogenic bacte-
ria, resulting in loss of membrane integrity and enhanced permeability, inhibiting the growth of pathogenic
bacteria, thus effectively preventing and treating Fusariumoxysporum.

Keywords Bacillus subtilis B579; Fusariumoxysporum ;metabolomics analysis;trans-Cinnamic acid; Pal-
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1: 2,38 ¢ PDBYNGRE =W i DR E A 74 e G vk BE RMIRIR BE) . HF 300 plL 5 it T 60 F- B PR (10" A1
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1.2.3 RHAFHH. KKA 3 AR 9 MREARE T 4 CRASHINFER T, #H5 Q Exactive™ HF
(Thermo Fisher, Germany) Fii{ MS/MS £ il #5 #H3i% i Vanquish UHPLC (ThermoFisher, Germany)
ARG, (DS, R 10 pl; (3% H: : Hypersil gold Cx (2. 1 mm <100 mm, 1.9 pum) ;i
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B3ty LI AZERFR B HR A RIVE Jo 3 B 7E 28 °C L 180 r/min FUFEIR T IESE 12 he M =M rb eIt
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Fig. 2 Principal component analysis diagram of each treatment culture filtrate under different modes
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Fig.3 Volcano diagram of differential metabolites in different modes of culture filtrate of each treatment
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Tab.1 Retention time to mass-charge ratio

POS . . .
< of differential metabolites
Name RT[min] m/z
Adenosine 2.93 268.101 9
Cluster 2 4-Pyridoxic acid 1. 306 184. 062 5
Indole-3-acrylic acid 5. 245 188. 069 3
Coumarin 2.41 147.043 0
Indole 5. 249 118. 064 6
Palmitoleic Acid 7.506 277.214 3
FOC B579 BF FOC B579 BF p-Coumaric acid 2.934 165. 053 4
N Y e . . Citric acid 1. 989 191. 020 1
TE:POS: IEB THUF s NEG: S g TR s 58 1 FIBE 2. 78 S5 (R /S
o Succinic acid 2. 544 117.018 8
B579 Fil FOC $L3% 4 h prpt 2 i H AR C .
M R i ML L-Tyrosine 2.399 180. 066 9
4 AELRIEBRIIEFTIR 18
B4 RRARESEIIRE T RRET HRAE DA Uric acid 1. 766 167.021 2
Fig. 4 Heatmap analysis of metabolic components in Adenine 2 921 134. 046 9
culture filtrate of different treatments L-lysine 1.195 145. 098 2
L-arginine 1. 637 173.104 7
trans-Cinnamic acid 5. 699 147.045 1
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metabolites against spore germination of Fusariumoxysporum
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Fig. 6 Determination of antagonistic activity of CA (a) and PA (b) against spore germination

of pathogens at different concentrations.
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218.91 U/ g, 73l % BRI 1. 99 A5 A 1. 55 4%, i B H %2 BRI S N EERGHEHE

CA 1 PA Bt 2 CAT 1M, 52 35 5 A0 T 1A T 38 1 Tab. 2 Control effect of target metabolites

%%ngﬁ {ﬁ@iﬁfﬁ‘ﬁf)ﬁﬁg Hﬂ]ﬂlﬁfﬁ o on cucumber fusarium wilt

2.7 H AR R 20 # a0 T S P9 A 51 B Brih/ v
EUE CA FIPA XA ZE 0 B 8 B 35 R £ CK 0c

PRETT AT TR E AR . 45K X R4l 501 CA+FOC 14.81+6. 41b

AR R IE R FOC BA b B 85 TN AE AL K0 TR PA+FOC 24.08+3.22b 47.29

% RSB A 45, 68% . CA F1 PA Ab 3 (515 & FOC 45,6847, 71a 67.58

Bor il 14, 81 F1 24. 08, X 85 VAL ZE 98 I BT 1A 2N TE B0 P AR R 22 , 17 51 B J5 AN RS SF R 0K

67. 5801 47. 29%, 16 0,05 K 2SR RE,

3 g

A A A LT R B L BE RS 7 A o SR R T PR AN R IR 75 2 TR G 30 DD 5 2T K8 64 A 005 W R 7 il
P i FL R . B AU 5 i R P 3 REAE AR5 MBI P35 T THI AR A 28 AR B A0 B9 2 i R, LI K%
HA GG MR s S 3 DU A SG IR G AR A9 1R 8 . PR e LA 5 A B e AL s SR i b = A2 19 CFs
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