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Suppression of tomato gray mold by a new strain of autolytic
Lysobacter enzymogenes (LE16) in greenhouse

LI Suping, YUAN Ling, CHI Shaoyi, SUI Zongming, HUANG Jianguo*

College of Resource and Environment, Southwest University, Chongqing 400716, China

Abstract: [Objective] Facility agriculture has experienced a surge in populairty in China which
features a large population and little arable land. Greenhouse cultivation guarantees tomato security in
China. However, greenhouse tomato are prone to gray mold (induced by Botrytis cinerea), leading to
huge yield loss. Biocontrol is safe for human being and animal and environmentally friendly. It is
urgent to seek more biocontrol microorganisms to improve the control effect. [Methods] In the current
series of experiments, the biocontrol potentitial of a self-isolated new strain (LE16) of autolytic
Lysobacter enzymogenes was explored. To be specific, pure culture was carried out to test the
antagonism of LE16 fermentation broth against B. cinerea. Biochemical analysis, liquid
chromatography-mass spectrometry, and transcriptome techniques were used to clarify the synthesis
and secretion of extracellular hydrolases and antifungal compounds of LE16, and differentially
expressed genes in B. cinerea, with a view to elucidating the antifungal mechanism. The inhibitory
effect of LE16 fermentation broth on tomato gray mold was evaluated with the pot experiment in a
greenhouse. [Results] LE16 synthesized and released siderophore, a variety of extracellular enzymes
related to disease resistance (including phosphatase, protease, cellulase, B-1,3-glucanase and lysozyme),
9 antifungal compounds (ustiloxin D, N-undecylbenzenesulfonic acid, rifabutin, nanaomycin, tigecycline,
minocycline, m-cresol, cinnamic acid and cyclopentanone), and P-salicylic acid that is able to stimulate
systemic acquired resistance in plants. The crude extract of LE16 fermentation broth significantly
inhibited the growth and reproduction of B. cinerea, and the inhibition rate was 34.99%—100%, much
higher than those of L. lysobacterium HYP18 and Ceriporia lacerata HG2011 on solid culture.
Additionally, LE16 fermentation broth significantly induced the differential expression of genes in
B. cinerea. The differentially expressed genes were involved in biological processes, cellular
components, molecular functions (e.g., protein synthesis, DNA replication and repair, and signal
transduction), and metabolic pathways related to proteins, glycine, serine and threonine. In the
greenhouse experiment, LE16 fermentation broth significantly enhanced the activity of antioxidant
enzymes, including superoxide dismutase and peroxidase, in tomato leaves, and alleviated the damage
to cell membranes caused by the pathogen. The inhibitory effect against gray mold varied from 72.54%
to 74.42%, slightly lower than that of the chemical pesticide pyrimethanil. [Conclusion] LE16
suppresses the incidence of tomato gray mold in the greenhouse by multiple mechanisms, such as the
synthesis and release of extracellular hydrolases, siderophore and antifungal compounds, and the
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induction of resistance to disease in the plants. Thus, LE16 shows a promising potential in controlling

tomato gray mold in the greenhouse.

Keywords: Lysobacter enzymogenes, autolytic bacteria; Botrytis cinerea; liquid chromatography-mass

spectrometry; transcriptome
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The production of extracellular hydrolases and siderophores by L. enzymogenes LE16. A:

Figure 1

phosphatase; B: protease; C: cellulase; D: B-1,3-glucanase; E: lysozyme; F: siderophores.
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Figure 2

Inhibitory effects of crude extracts from L. enzymogenes LE16 fermentation liquid against

B. cinerea. Values are means+standard deviation; different lowercase letters indicate significant differences at
P=<0.05 (Duncan’s multiple range test). CELE: crude extracts from LE16 fermentation liquid; CEHYP: crude

extracts from HYP18 fermentation liquid; CEHG: crude extracts from HG2011 fermentation liquid.
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Figure 3 Changes in the mycelial morphology of B. cinerea caused by crude extracts from L. enzymogenes
LE16 fermentation liquid. A: control (CK); B: crude extracts from LE16 fermentation liquid.

£ 1 FEAMNE LE16 4B RPNEYR
Table 1

Antifungal substances present in L. enzymogenes LE16 fermentation liquid

KEGG ID Library ID CAS ID Metabolite Formula Functions

C0o0156 - - P-salicylic acid C;H¢O; As a module in activating disease
resistance®”)

- HMDB0041054 158243-18-6  Ustiloxin D Cp3H3N,Os  Antifungal activity?®!

- HMDB0032549 50854-94-9  N-undecylbenzenesulfonic acid C;;H,s05S  Antifungal activity®?

C07235 HMDB0014753 72559-06-9  Rifabutin C4HgoN4O1;  Broad-spectrum antibiotic (bacteria
and fungi)®

- - - Nanaomycin Ci6H 1406 Broad-spectrum antibiotic (bacteria
and fungi)+*

C12012 HMDB0014700 220620-09-7 Tigecycline CypH39NsOg  Broad-spectrum antibiotic (bacteria
and fungi)>®

C07225 HMDBO0015152 10118-90-8  Minocycline Cy3Hy7N3;0,  Broad-spectrum antibiotic (bacteria
and fungi)®”?

C01468 HMDB0002048 108-39-4 M-cresol C;H;0 Intermediate of antifungal pesticide™™

C10438 HMDB0000567 621-82-9 Cinnamic acid CoH;50, Antifungal activity”’

00557 HMDB0031407 120-92-3 Cyclopentanone CsHs0 Antimicrobial™*%

—: unrecorded.

24 LE16 ZBHRARIMNREEBER 37 MY HRIRE VIS, KLY #R 5

RIZHIE N J& T W12k #2 (biological process, BP). 4iffd il 43

RT-qPCR S04 REH], KRR B E
PG S I 45 R A — B (B 4) XS IO
HEO) IR $i 40 A 3L 618 ) e A8 TR 22 7P Y I 2
(P<0.001)2 5+ KK FE[H (differently expressed
genes, DEGs)iff17 GO 4r#7#% W, DEGs 5 &

(cell component, CC)FI4FIIEE(molecular
function, MF)% (& 5). 7€ BP 1, Ul F(T
VLR FEFERE ) 4.81 )04 et B2 (R A
FERJE F AL 6.34 £%)) DEGs £ s i £,
75 5 5 DEGs 19 19.51%F1 21.28%; 5 Z 210,
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Figure 4 RT-qPCR verification of differentially expressed genes. CK: control; CELE: crude extracts from
LE16 fermentation liquid. ***: significant differences at P<0.001 (independent-sample t test).
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Figure 5 The GO functions annotated by differentially expressed genes in B. cinerea with crude extracts

from L. enzymogenes LE16 fermentation liquid.
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Figure 6 The GO functions significantly enriched by differentially expressed genes in B. cinerea with crude

extracts from L. enzymogenes LE16 fermentation liquid.
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Figure 7 The KEGG pathways enriched significantly by differentially expressed genes in B. cinerea with
crude extracts from L. enzymogenes LE16 fermentation liquid. The vertical axis shows the pathway names.
The horizontal axis represents the rich factor, i.e. the ratio of the transcript number enriched in this pathway
to the annotated transcript number. The higher rich factor indicates the greater enrichment degree. The size
and color of the dots indicate the number of genes in this pathway and different P-values, respectively.

*2 FBEBHE LE16 XBiG(LEFL)X R EE R ERIITHIHR
Table 2 Suppression efficacies of L. enzymogenes LE16 fermentation liquid (LEFL) against tomato gray
mold in greenhouse

Treatments Disease index/% Control efficacies/%
CK 0.00+0.00e -

PI 43.70+£6.22a -

LEFL+PI 10.96+1.32b 74.42+4.79¢

CF+PI 7.50+0.51d 82.50+2.79a
PI+LEFL 11.77+1.54b 72.54+5.27c

PI+CF 9.43+1.42¢ 77.92+5.19b

CK: control; PI: pathogen inoculation alone; LEFL+PI: the spray of LEFL prior to pathogen inoculation; CF+PI: the spray of
chemical fungicide prior to pathogen inoculation; PI+LELF: the spray of LEFL after pathogen inoculation; PI+CF: the spray of
chemical fungicide after pathogen inoculation. Values are means+standard deviation; different small letters indicate significant

differences among different treatments at P<<0.05 (Duncan’s multiple range test).
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Figure 8 Effects of L. enzymogenes LE16 fermentation liquid (LEFL) on antioxidant enzyme activities,
membrane permeability and malondialdehyde level in tomato leaves. CK: control; PI: pathogen inoculation
alone; LEFL+PI: the use of LEFL prior to pathogen inoculation; CF+PI: the use of chemical fungicide prior
to pathogen inoculation; PI+LEFL: the use of LEFL after pathogen inoculation; PI+CF: the use of chemical
fungicide after pathogen inoculation. Values are means+standard deviation; different lowercase letters

indicate significant differences at P<<0.05 (Duncan’s multiple range test).
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