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Comprehensive
acetyl-proteomic analysis of
Cytospora mali provides insight
Into its response to the
biocontrol agent Bacillus
velezensis L-1

Pingping Sun, Qiang Ma and Lei Zhang*

College of Horticulture and Plant Protection, Inner Mongolia Agricultural University, Hohhot, China

Cytospora mali is an important factor for apple valsa canker, and Bacillus
veleznesis L-1 is an effective biocontrol agent against apple valsa canker.
Quantitative acetyl-proteomics is known to regulate transcriptional activity in
different organisms; limited knowledge is available for acetylation modification
in C. mali, and its response to biocontrol agents. In this study, using Tandem
Mass tag proteomic strategies, we identified 733 modification sites on 416
proteins in C. mali, functions of these proteins were analyzed using GO
enrichment and KEGG pathway. Some lysine acetylated proteins are found to
be important to the fungal pathogenicity of C. mali, and also the response of
fungi to biostress. B. velezensis L-1 suppressed the C. mali QH2 by causing
the energy shortage and reduced virulence. Correspondingly, the C. mali QH2
could alleviate the suppression of biostress by upregulation of autophagy,
peroxidase, cytochrome P450, ABC transporter and Heat shock protein 70.
In summary, our results provided the first lysine acetylome of C. mali and its
response to B. velezensis L-1.

KEYWORDS
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Introduction

Protein acetylation is an evolutionarily conserved post-translational modification
(Weinert et al., 2013), which is catalyzed by lysine acetyltrasferases and reversed by
lysine deacetylases (Henriksen et al., 2012). Lysine acetylation has been found to occur
in almost every compartment of a cell, and to play important roles in various cellular
processes including protein-protein interactions (Hou et al., 2010), enzymatic activity
(Starai and Escalante-Semerena, 2004; Nambi et al.,, 2013), metabolic pathways (Hou
et al,, 2010; Wang et al.,, 2010; Guan and Xiong, 2011; Nambi et al., 2013; Xie et al.,
2015), cell morphology (Choudhary et al., 2009), calorie restriction (Imai and Guarente,
2010; Henriksen et al., 2012), protein-nucleic acid interactions (Arif et al., 2010; Ren
etal., 2016), transcription factors, hormone receptors, signal transducers, chaperones and

01 frontiersin.org


https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://doi.org/10.3389/fsufs.2022.999510
http://crossmark.crossref.org/dialog/?doi=10.3389/fsufs.2022.999510&domain=pdf&date_stamp=2022-08-31
mailto:lei.zhang@imau.edu.cn
https://doi.org/10.3389/fsufs.2022.999510
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fsufs.2022.999510/full
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Sun et al.

cytoskeleton (Singh et al, 2010; Zhang et al., 2013). Lysine
acetylation is believed to be a main signaling modulator due to its
widely occurrences and diverse cellular functions (Norvell and
McMahon, 2010).

In recent years, with the advance of mass spectrometry
(MS) and high affinity purification of acetylated peptides,
acetylproteome studies have been successfully performed in
some prokaryotic microorganisms, such as Escherichia coli
(Kuhn et al., 2014), Salmonella enterica (Wang et al., 2010),
Bacillus subtilis (Kim et al., 2013), Geobacillus kaustophilus (Lee
et al., 2013), Erwinia amylovora (Wu et al., 2013), Thermus
thermophilus (Okanishi et al, 2013) and Saccharopolyspora
erythraea (Huang et al., 2015); the budding yeast: Saccharomyces
cerevisiae (Henriksen et al., 2012), Oomycete: Phytophthora sojae
(Li et al.,, 2016) and in filamentous fungi: Botrytis cinerea (Lv
et al., 2016) and Fusarium graminearum (Zhou and Wu, 2019)
et al. The knockout of some acetylated related genes caused the
reduced mycelium growth, spore-production and virulence of
fungi (Ding et al., 2010; Chen et al., 2018; Zhou and Wu, 2019),
which indicated that lysine acetylation play important role in the
growth and virulence of pathogens.

Apple valsa canker (AVC), caused by Cytospora sp., is one
of the most destructive diseases of apple trees in eastern Asia
(Cao et al., 2009; Ma et al., 2020). Bacillus velezensis L-1 was
characterized as an effective biocontrol agent (BCA) against
AVC in our previous work submitted to European Journal of
Plant Pathology. Genome analysis revealed that there are a large
number of acetyltransferase and deacetylase orthologs in the
genomic of C. mali (Yin et al., 2015), which suggests that protein
acetylation may play a critical role in the biological process,
pathogenesis and the responses to BCA of C. mali. During
the infection of AVC into apple barks, genes associated with
plant cell wall degrading enzymes, toxic secondary metabolite
biosynthesis were up-regulated, indicating their roles in the
pathogenicity of C. mali (Ke et al.,, 2014), accordingly, BCA
could inhibit the AVC by disrupting the cell wall-related
genes of AVC, affecting the carbohydrate metabolic pathway of
pathogens (Liu et al., 2018). On the other side, pathogens recruit
numerous genes to resist the BCA. Sclerotinia sclerotiorum (the
causing agent of sclerotinia stem rot) could up-regulate cell wall,
cell membrane synthesis, antioxidants, glutathione S-transferase
(GST), ABC transporter, and the autophagy pathway to alleviate
the pressure of BCA (Yang et al., 2020). Study on the biological
control mechanism of BCA and the response mechanism of
AVC to biotic stress are in need for the further application of
BCA in controlling AVC. In this study, a comparative acetyl-
proteomics study based on Tandem Mass Tag (TMT) technology
(McAlister et al., 2012) was carried out between C. mali QH2 and
the C. mali QH2 suppressed by B. velezensis L-1. These data will
complement current knowledge of the C. mali acetylproteome
and provide an expanded platform for better understanding of
the function of acetylation in the cell metabolites of pathogens
and responses to the BCA stress.
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Materials and methods

Mycelium preparation

Bacillus velezensis strain L-1 and Cytospora mali virulent
strain QH2, were isolated by authors (Sun et al., 2017; Ma et al.,
2020). C. mali QH2 was cultured on potato dextrose agar (PDA)
plates and incubated at 28°C for 5 days, B. velezensis L-1 was
cultured on Luria Bertani (LB) broth at 28°C, 180 rpm for 2 days
before use. For the mycelium of C. mali QH2 suppressed by B.
velezensis L-1 (TR), B. velezensis L-1 was first centrifuged at 8,000
rpm for 15 min, the supernatant was then filtered through 0.22
pm film, a total of 100 wL non-spore filtrate of L-1 was added
into 100 mL PD broth, and a dash of C. mali QH2 mycelium
was then inoculated into the PD medium. The PD medium
inoculated with QH2 mycelium without the L-1 was treated as
control (CK). The QH2 was cultured at 28°C, 180 rpm for 5 days,
and the mycelium was collected by centrifuged at 8,000 rpm for
15 min, and washed with 0.1 M PBS solution for three times.
Washed mycelium was frozen in liquid nitrogen, and stored
at —80°C for protein extraction. Three biological replicates for
each treatment were performed.

Acetylatic analysis

Protein extraction and FASP digestion

SDT buffer was used to extract the protein from each
sample, the filtrate was quantified by BCA Protein Assay
Kit (Bio-Rad, USA). A total of 20 pg protein was taken
from each sample, and Filter-aided Sample Preparation (FASP)
procedure was performed for protein digestion (Wisniewski
etal., 2009). The digested peptides of each sample were desalted
on C18 Cartridges (Empore™ SPE, Sigma), concentrated by
vacuum centrifugation and reconstituted in 40 wL of 0.1% (v/v)

formic acid.

TMT labeling, enrichment of acetylated
peptides, and fractionation

Hundred microgram peptide mixture of each sample was
labeled using TMT reagent according to the manufacturer’s
instructions (Thermo Fisher Scientific) (McAlister et al., 2012).
The labeled samples were reconstituted in 1.4 mL precooled
IAP buffer, the pretreated Anti-Ac-K antibody beads [PTMScan
Acetyl-Lysine Motif (Ac-K) Kit] were added, and then incubated
at 4°C for 1.5h, centrifuged at 2,000 xg for 30s. Anti-Ac-K
antibody beads were washed with 1 mL precooled IAP buffer
and then precooled water for 3 times. 40 wL 0.15% TFA
was added to the washed beads, incubated for 10min at
room temperature, then added 0.15% TFA again, centrifuged
at 2,000 xg for 30s, the supernatant was desalted by
C18 STAGE Tips.
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Pierce high pH reversed-phase fractionation kit (Thermo
scientific) was used to fractionate labeled digest samples into
6 fractions by an increasing acetonitrile step-gradient elution
according to instructions.

HPLC and LC-MS/MS analysis

LC-MS/MS analysis was performed on a Q Exactive HF
mass spectrometer (Thermo Scientific) that was coupled to Easy
nLC (Thermo Fisher Scientific) for 90 min. The peptides were
loaded onto a reverse phase trap column (Thermo Scientific
Acclaim PepMap100, 100 um*2 cm, nanoViper C18) connected
to the C18-reversed phase analytical column (Thermo Scientific
Easy Column, 10 cm long, 75 um inner diameter, 3 um resin) in
buffer A (0.1% Formic acid) and separated with a linear gradient
of buffer B (84% acetonitrile and 0.1% Formic acid) at a flow rate
of 300 nL/min.

The mass spectrometer was operated in positive ion mode.
MS data was acquired using a data-dependent top 10 method
dynamically choosing the most abundant precursor ions from
the survey scan (300-1,800 m/z) for HCD fragmentation.
Automatic gain control (AGC) target was set to 3e6, and
maximum inject time to 10 ms. Dynamic exclusion duration was
40's. Survey scans were acquired at a resolution of 70,000 at m/z
200 and resolution for HCD spectra was set to 17,500 at m/z
200, and isolation width was 2 m/z. Normalized collision energy
was 30 eV and the underfill ratio, which specifies the minimum
percentage of the target value likely to be reached at maximum
fill time, was defined as 0.1%. The instrument was run with
peptide recognition mode enabled.

Identification and quantitation of acetylated
proteins

MS/MS spectra were searched using MASCOT engine
(Matrix Science, London, UK; version 2.2) embedded into
Proteome Discoverer 2.4. Trypsin was specified as cleavage
enzyme allowing up to 2 missing cleavages, mass error was set
to 20 ppm for precursor ions and 0.1 Da for fragment ions. The
other parameters in MaxQuant were set to default values.

Bioinformatic analysis

Motifs, subcellular localization

The modified site and six upstream/downstream amino
acids from the modified site (13 amino acid sites in total) were
used for information analysis. The MEME (http://meme-suite.
org/index.htm) and CELLO (http://cello life.nctu.edu.tw/) were
used to predict the motifs, subcellular localization, respectively.
The protein sequences were locally searched using the NCBI
BLAST+ client software and InterProScan to find homolog
sequence. Blast2GO was used to map and annotate the GO
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terms, and online Kyoto Encyclopedia of Genes and Genomes
(KEGG) database (http://geneontology.org/) was applied to
retrieve the KEGG pathway annotations.

Functional enrichment analysis

Enrichment analysis was applied based on the Fisher exact
test, considering the whole quantified proteins as background
dataset. Benjamini-Hochberg correction for multiple testing was
further applied to adjust derived p-values. And only functional
categories and pathways with p-values under a threshold of 0.05
were considered significant.

Correlation analysis of the proteome and
transcriptome

The transcriptome study about the C. mali QH2 and its
response to B. velezensis L-1 was conducted in our another work,
and the related results were submitted to the European Journal
of Plant Pathology. In our transcriptomic studies, B. velezensis
L-1 impaired the membrane formation, cell stability, autophagy
of C. mali QH2, reduced its expression of virulence related
genes, and C. mali QH2 could enhance the antioxidation and
detoxification to alleviate the biostress. The correlations of the
differently expressed genes/proteins were created between RNA-
seq results in our previous work and acetylated proteins in this
study. If a gene and its cognate protein were both significantly
differently expressed in the TR, they were defined as differently
expressed genes and differently abundant proteins, respectively
(Liu et al, 2019). The Spearman correlation coefficients were
calculated to evaluate the concordance of the differences in
abundance at the transcript and protein levels (De Winter et al.,
2016; Warrens, 2017).

Data information

The mass spectrometry proteomics data is available
from the ProteomeXchange Consortium (https://www.ebi.ac.
uk/pride/archive/) via the PRIDE partner repository with the
dataset identifier PXD035537. username: pxd035537@ebi.ac.uk,
password: bPhHTbs;.

Results

Features of lysine acetylation sites and
proteins

A total of 724 acetylated peptides spanning 416 proteins with
733 lysine acetylation sites were identified, among which, 475
peptides in 299 proteins were accurately quantified (Table 1).

The number of lysine acetylation sites in identified acetylated
proteins was diverse and distributed from 1 to 12. There were
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156 proteins (37.35%) with more than two acetylation sites.
Protein number A0A194VZB7 [encoding heatshock protein
domain 70 (Hsp70)] had 12 actylation sites (Figure 1A). The
average distribution of modification sites per amino acids was
0.59% (Figure 1B).

Identification of differentially expressed
acetylated proteins

A total of 195 identified acetylation proteins (DEAPs)
were differently expressed at the level of|Fold change|>1.2
(1.2-fold over, or 0.83 less) and P < 0.05 in the TR, 101
proteins were up-regulated, and 94 proteins were down-
regulated in the TR (Figure 2A). Heatmap of DEAPs were
built, the similarity of the data patterns within each group was
relatively high, whereas it was relatively low between the groups,
and effectively distinguished the groups. The cluster analysis
shows that the results of DEAPs identified in our data are
believable (Figure 2B).

Correlation analysis of the transcriptome
and proteome

The correlation of differently expressed

genes/proteins was conducted between the proteomic results

analysis

TABLE 1 Summary of quantified and identified lysine acetylation.

10.3389/fsufs.2022.999510

in this study and the transcriptomic results of our previous
study. The Spearman correlation coeflicients was r = 0.134,
P = 0.058, although the correlation was not significant, it
could still be concluded from our work that DEGs/DEAPs
between transcriptomic and proteomic results are positive
The
proteins and different genes were mainly involved in the ABC

related (Figure 3). correlated differentlly abundant
transporter, structural constituent of ribsomal, ATP binding,
heat shock protein 70 (Hsp 70) and some are involved in
oxidoreductase activity.

Subcellular localization of differentially
expressed acetylated proteins

The CELLO algorithm analysis was used to analyze
the subcellular localization of DEAPs. Results
that 68, 49, 45, 5, and 2 of the acetylated proteins
were located in the cytoplasmic, nuclear, mitochondrial,

showed

plasma  membrane, and  endoplasmic  reticulum,

respectively (Table 2).

Annotation of DEAPs

We analyzed the GO annotation and classified the
identified proteins according to their biological processes
(BP), molecular functions (MF) and cellular compartments
(CC). Eighty proteins were involved in the BP category, and

Acetyl type Identified Quantified
the acetylated proteins were mainly involved in the cellular
Acetyl sites 733 485 process, metabolic process, cellular component organization
Acetyl peptides 724 475 of biogenesis, biological regulation, localization, regulation of
Acetyl proteins 416 299 biological process, and response to stimulus. One hundred
twenty-four proteins were enriched in MF category, and these
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FIGURE 1
The distribution of acetylation sites in a protein (A) and the modification sites frequency (B).
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Volcano (A) and heatmap (B) of differently expressed acetylated proteins.
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FIGURE 3
The correlation between the gene and protein expression level.

20

Genes

acetylated proteins were mainly involved in binding, catalytic
activity, structural molecule activity, transporter activity,
antioxidant activity, molecular function regulator. Seventy-one
proteins were involved in the CC category, and the acetylated
proteins were mainly involved in the cell, organelle, membrane,
and membrane-enclosed lumen (Figure 4A).

KEGG pathway analyses showed that 20 pathways were
(Figure 4B). The most
abundant one was the ribosome pathway, which contains

enriched for acetylated proteins
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26 acetylated proteins; other enriched pathways included
glycolysis/gluconeogenesis pathways, HIF-1 signaling pathway,
methane metabolism pathways, pyruvate metabolism, pentose
phosphate pathways, oxidative phosphorylation, RNA transport,
necroptosis, amino sugar and nucleotide sugar metablism.
At the same time, acetylated proteins in HIF-1 signaling
pathway, methane metabolism, and glycolysis/gluconeogenesis
with

pathways up-regulated

P < 0.05.

were significantly
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DEAPs involved in the mycelium growth,
pathogenicity of C. mali QH2, and its
response to biostress

BCAs could inhibit the fungi by suppressing the normal
growth of fungi or inhibiting the expression of their virulence-
related metabolites, on the other side, the fungi could respond
to the BCAs by improving the ability for detoxification and
antioxidant (Wang et al,, 2020). To investigate roles of the
DEAPs in fungal pathogenicity and response to the biostress,
we retrieved these proteins to gene repositories built from the
literature annotations reported previously (Table 3; Figure 5).

The DEAPs involved in the biofilm formation, energy
production, and virulence of C. mali were significantly
suppressed by B. velezensis L-1. The DEAP A0A194VV99,

TABLE 2 The subcellular localization of DEAPs.

10.3389/fsufs.2022.999510

which encodes fatty acid biosynthesis, was significantly down
regulated in the treatment, with TR/CK as 0.452. At the same
time, AOA194VVC?7, related to the biofilm formation was also
significantly down regulated in TR, with TR/CK as 0.186, P
= 0.001. DEAPs related to the energy production in C. mali
were significantly down regulated: 4 DEAPs related to pyruvate
metabolism were all significantly down regulated in the TR, and
the acetylated protein AOA194W590, encodes NADP-dependent
malic enzyme was significantly down regulated, with TR/CK
= 0.515 and P = 0.047. Two acetylated proteins, encoding
Acetoacetyl-CoA synthetase and Acetyl-CoA acetyltransferase
IA, respectively, were both significantly down regulated. In
addition, 4 DEAPs related to galactose metabolism/starch and
sucrose metabolism were all significantly down regulated. Some
virulence related DEAPs were suppressed by B. velezensis
L-1: 3 DEAPS, related to the glutathione metabolism, were
all signifiantly down regulated in the TR, and the GST
(A0A194W4W5) was down regulated with TR/CK = 0.744, and
P = 0.068. In addition, Histone acetyltransferase GCN5 was
reported as key virulence factor in a variety fungus. In this

Subcellular location Sequence number
treatment, the histone acetyltransferase GCN5 (A0A194W168)
Cytoplasm 68 was significantly down regulated with TR/CK = 0.314, and
Nuclear 49 P =0.011 (Table 3; Figure 5).
Mitochondrial 45 Correspondingly, C. mali QH2 took measures to
Plasma membrane 5 alleviate the biostress from B. velezensis L-1. The acetylated
Endoplasmic reticulum ) protein A0A194VVKS5, related to the autophyge was
significantly upregulated with TR/CK = 2.023, P = 0.002.
A celllar process | | N <o B Ribosome
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FIGURE 4
GO and KEGG pathway analyses of DEAPs. (A) GO classification of differentially expressed acetylated proteins. (B) KEGG pathway analysis of
differently expressed acetylated proteins.
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TABLE 3 List of acetylated proteins involved in the growth and pathogenicity of C. mali QH2, and its response to B. velezensis L-1.

Function Acetylated positions Gene names Protein names Tr/CK t-test
in proteins® p-value

Biofilm formation A0A194VVC7 VM1G_04249 Alpha-1,4 glucan phosphorylase 0.186 0.001
[796-802]

Fatty acid biosynthesis A0A194VV99 VM1G_04561 3-oxoacyl-[acyl-carrier-protein] 0.452 0.001
[351-360] reductase

Galactose metabolism/starch AOA194WAN9 VM1G_08945 ATP-dependent 6-phosphofructokinase 0.084 0.000

and sucrose metabolism [632-641]
A0A194VQX9 VMI1G_01442 UTP-glucose-1-phosphate 0.426 0.000
[217-227] uridylyltransferase
A0A194VQX9 VMI1G_01442 UTP-glucose-1-phosphate 0.224 0.000
[327-336] uridylyltransferase
A0A423W9IK6 VPNG_08325 Glyco_transf_20 domain-containing 0.471 0.009
[433-439] protein

Pyruvate metabolism AO0A194WO0V38 VM1G_05709 Pyruvate kinase 0.278 0.000
[210-217]
AOA194W2E4 VM1G_06505 Aldehyde dehydrogenase family 1 0.335 0.001
[236-246] member A3
AO0A194VNF5 VMIG_00930 Pyruvate dehydrogenase E1 component 0.637 0.004
[355-361] subunit alpha
A0A194VH90 VM1G_10233 Acetyltransferase component of 0.697 0.020
[187-194] pyruvate dehydrogenase complex

Malic enzyme A0A194W590 VMI1G_07103 NADP-dependent malic enzyme 0.515 0.047
[342-347]

Acetyl-CoA AO0A194ULZ2 VP1G_00199 Acetoacetyl-CoA synthetase 0.383 0.0020
[646-655]
AOAI94W1A9 VM1G_06190 Acetyl-CoA acetyltransferase TA 0.267 0.0009
[228-235]

Glutathione metabolism A0A194VS37 VM1G_01556 6-phosphogluconate dehydrogenase, 0.221 0.000
[37-43] decarboxylating
A0A194VS37 VM1G_01556 6-phosphogluconate dehydrogenase, 0.498 0.009
[255-262] decarboxylating
A0A194VPK5 VM1G_01712 Glucose-6-phosphate 1-dehydrogenase 0.603 0.017
[155-163]

GCN5 A0A194W168 VM1G_05825 Histone acetyltransferase GCN5 0.314 0.011
[290-302]

Autophyge A0A194VVK5 VM1G_04439 Eukaryotic translation initiation factor 2 2.023 0.002
[137-146] subunit alpha

POD A0A194VR59 VMIG_01727 Peroxidase 1.900 0.020
[157-165]

P450 A0A423WP04 cprA NADPH-cytochrome P450 reductase 2.095 0.019
[2-25]

ABC transporter A0A194VID2 VM1G_10713 ABC transporter ATP-binding protein 2.289 0.0006
[569-575] ARB1

Hsp 70 A0A194VUS4 VMI1G_03371 Hsp70 protein 2.272 0.0016
[500-508]
A0A194VZB7 VM1G_04528 Hsp70 protein 2.167 0.0209
[555-562]
A0A194VZB7 VM1G_04528 Hsp70 protein 1.703 0.0271
[297-303]
AO0A194VZB7 VMI1G_04528 Hsp70 protein 2.170 0.0056
[272-279]

2The protein and the positions of the peptide in the protein.

Frontiers in Sustainable Food Systems 07 frontiersin.org


https://doi.org/10.3389/fsufs.2022.999510
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Sun et al.

10.3389/fsufs.2022.999510

2 Tr Tr 2 Tr 3 CK_1

CK_2

FIGURE 5

B. velezensis L-1.

CK_3

Heatmap of expression level of acetylated proteins involved in the growth and pathogenicity of C. mali QH2, and its response to
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AOA194VR59, encodes peroxidase (POD) was significantly

upregulated with TR/CK = 1.9, P = 0.02. Acetylated
protein, encodes NADPH-cytochrome P450 reductase
was significantly upregulated, with TR/CK = 2.095, P =

0.019. A0A194VID2, encodes the ABC transporter ATP-
binding protein ARB1 was significantly upregulated in
the TR, with the TR/CK as 2.29, P < 0.001. In addition,
4 acetylated proteins encoding heat shock protein 70
(Hsp 70) the TR
(Table 3; Figure 5).

were significantly upregulated in

Discussion

In this study, we performed the different expression of lysine
acetylated proteins in the C. mali QH2, during the suppresion of
B. velezensis L-1. A total of 733 lysine acetylation sites in 416
proteins were identified, and 195 identified acetylation proteins
were differently expressed at the level of|Fold change|>1.2
(1.2-fold over, or 0.83 less) and P < 0.05 in the TR. Among
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DEAPs, 101 proteins were up-regulated, and 94 proteins were
down-regulated in the TR. Some DEAPs were predicted to be
involved in the mycelium growth, pathogenicity of C. mali and
its response to the biostress.

Two lysine acetylated proteins, located in the cytoplasm and
related to the fatty acids and biofilm formation, respectively,
were significantly down regulated in the TR. Fatty acids
play important role in forming the plasma membrane and
maintaining the fluidity of the cell membrane (Lattif et al., 2011).
The formation of biofilm is closely related to the pahogenic
and the drug resistance of the fungi (Wang et al., 2020). The
significant down regulation of fatty acids and biofilm formation
related acetylated proteins in the TR, indicating that lysine
acetylated proteins are involved in the biofilm formation of C.
mali QH2, and B. velezensis L-1 could inhibit the C. mali QH2
by inhibiting its synthesis of biofilms.

BCAs could affect the carbohydrate metabolic pathway,
and inhibit the energy production in fungi (Liu et al., 2018).
In this study, the lysine acetylated proteins were involved in
multiple processes of energy production. Galactose is widely
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utilized by organisms through its conversion to glucose-6-
phosphate, which can be then metabolized in the cytoplasm
of the cell through the glycolysis pathway to produce ATP
(Martchenko et al., 2007). The galactose metabolism depicts
the conversion of galactose into glucose, lactose, and other
sugar intermediates that may be used for a range of metabolic
process. Down regulation of galactose metabolism/starch and
sucrose metabolism indicating the suppression of B. velezensis
L-1 on the carbohydrate metabolism. Pyruvate is the end
production of glycolysis, and plays an important role as the
central metabolite in the branching point of the tricarboxylic
acid (TCA) cycle as well as the synthesis of amino acids (Zhang
et al., 2020). Specifically, the pyruvate can be converted into
Acetyl-CoA, which was used as the primary energy source for
the TCA cycle, or converted into oxaloacetate to replenish TCA
cycle intermediates. In addition, pyruvate can also be used to
synthesize carbohydrates, fatty acids, ketone bodies, alanine, and
steroids. Malic acid synthase (MS) is one of the key enzymes in
the glyoxylate cycle, down regulation of the NADP-dependent
malic enzyme may also reduce the use of acetyl-CoA through
the glyoxylate cycle, what’s more, the acetoacetyl-CoA synthetase
and acetyl-CoA acetyltransferase IA were significantly down
regulated. Decreased carbohydrate metabolism, and the down
production of acetyl-CoA all lead to the energy shortage
in C. mali.

Glutathione is an endogenous component of cellular
metabolism, also referred to as GSH, which functions in
detoxification and antioxidant processes by catalyzing the
binding GSH™ to electrophilic centers on toxic substrates (Zettl
et al., 1994; Marrs et al., 1995; Tian et al., 2016), and related to
the virulence of fungi (Liu et al., 2018; Yang et al., 2020). Histone
acetyltransferase GCN5 was proved as an important acetylated
protein in a variety of fungi (Rosler et al., 2016; Chen et al., 2018).
In our study, the B. velezensis L-1 suppressed C. mali showed
the significantly down expression glutathione metabolism and
GCNG5. The down regulation of these virulence related proteins
indicated that the acetylated proteins were involved in the
virulence of C. mali QH2, and B. velezensis L-1 could reduce the
virulence of C. mali QH2 by down expression of its virulence
related genes.

C. mali has made multiple responses to the inhibition
of BCAs. Autophagy pathway removes damaged organelles,
and acts as an intracellular “scavengers” to maintain cellular
homeostasis (Wang et al, 2019). BCAs cause oxidative
damage to fungal cells, thus, antioxidant, hydrolase enzymes
and other detoxification activities are regulated in the fungi
to improve the tolerance (Van Acker et al, 2014). POD
are enzymes that catalyze oxidation-reduction reaction by
mechanism of free radical that transform several compounds
into oxidized or polymerized products, they play important
roles in eliminating reactive oxygen species damage, and are
important enzymes involved in the biological antioxidant
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defense system (Horiguchi et al., 2001). In eukaryotes, CYP450
is membrane-binding protein, related to the metabolism of
exogenous substance, and plays an important role in mytotoxin
metabolism of necrotrophic fungus (Kelly et al.,, 1997; Syed
et al., 2010; Ning and Wang, 2012). ABC transporters are
important efflux transporters, are capable of translocating
antifungal items out of cells and contribute to the development
of tolerance to antifungals or biostress. Hsp 70 and other
chaperones determine cell death and cell transformations; it
has been implicated in the cellular stress initiation process
2019). The wupregulation of acetylated
proteins in autophyge, POD, CYP450, ABC transporter
and Hsp70 are the ways C. mali alleviate the suppression from

(Pujhari et al,

biostress.

Taken together, these findings suggested that several lysine
acetylated proteins related to fatty acids, biofilm formation,
galactose metabolism/starch and sucrose metabolism pathway,
TCA cycle, glutathione, and GCN5 were involved in the normal
mycelium growth and pathogenicity of C. mali, and on the
other side, the acetylated proteins involved in the autophagy,
POD, CYP450, ABC transporter, and Hsp70 were expressed
to release the stress from the biostress. Further verification
of acetylated proteins involved in the interaction between B.
velezensis L-1 and C. mali QH2 will be focused in our future
work. It will be helpful to understand roles of the protein
with acetylated lysine at the post-translational modification level
in C. mali.
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