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Levels (A) (B) (© (D)
1 0.5 0.5 0.05 0.05
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Figure 1. Inhibitory effect of fermentation filtrates
from strain XP-27 against growth of Sclerotinia
sclerotiorum PZ-2. CK: PDB medium; T: The
fermentation supernatant of XP-27 strain. Observed the
results at the second day after inoculation the target
strain.

— L

2. XP-27 EHRBITS S FHHE
Figure 2. The morphological features of XP-27 strain. A: the colony characteristic of strain XP-27 on PDA after

48 h cultured; B: Gram stain result; C: spore stain result.
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*® 2. XP-27 AMREEE USSR
Table2. Physiological and biochemical characteristics of XP-27 strain

Test items Results Test items Results
Mannose - Gelatine liquefication test +
Simon'’ s phosphate + Arabinose -
Semi-solid agar + Xylose -

Gas of glucose - Glucose phosphate -
Peptone hydrolysis - Calalase +
Nitrate reduction + 7% NaCl +
Starch hydrolysis + Casein hydrolysis +
Lecithinase + Phenylalanine deaminase -
Triple sugar iron agar +

+: positive (growth or reaction); — negative (no growth or no reaction).

70 Bacitlus methviotrophicus H34 (KJ1149808)
Bacilius methylotrophicus HU10-2 (JFR99287)
Bacillus methviotrophicus CBMB2035 (NR116240)
Bacillus methylotrophicus SY33 (KC790325)
XP-27 (MF375212)
Buacillus methviotrophicus PY 3 (KC790266)
Bacillus amvioliguefaciens NBRC 155335 (NR1126835)
87 ' Bacillus amyloliquefaciens NBRC 13533 (NR041453)
Bacilius subtifis 168 (NR102783)
Bacitlus tequilensis10b (NR104919)

N Baciltus subiilis DSM 10 (NR027552)

Bacillus licheniformis DSM 13 (NR118996)

100 Raciiius ticheniformis ATCC 14580 (NR074923)
[ Bacillus humi LMG 22167 (NR025626)
lool— Bacillus sinesalonmensis Marsellie-P3516 (NR147383)

Bacillus cerens B2 (KFO10349)

Racillus cerens IN267 (KF150301)
Baciflus cereus 2000031486 (AY 138272)

100

100

100

0.005

3. XP-27 E#kE T 16SrDNA WAL L B
Figure 3. Phylogenetic tree of XP-27 strain based on 16S rDNA sequences. Numbers at the nodes represented the
bootstrap values based on neighbor-joining analyses of 1000 resampled datasets. Numbers in parentheses
represented the sequences’ accession number in GenBank. The scale bar indicates 0.5% sequence divergence.
Target strain was labeled in bold.

XP-27 2.3 XP-27
16SrDNA XP-27 40 60 80°C
(Bacillus 30 min PZ-2
methyl otrophicus) B. methylotrophicus XP-27 ( 4C D E) 100 °C 30 min
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4. TEIREALIE XP-27 EH L E A BRI ZEE PZ-2 HIEBEREN

Figure 4. Assay the inhibitory activity of XP-27 strain cell-free fermentation supernatant after being treated under
different temperatures on Sclerotinia sclerotiorum PZ-2. A: PDA medium; B: PDA medium+XP-27 strain cell-free
fermentation supernatant; C—F. PDA medium+XP-27 strain cell-free fermentation supernatant treated at 40 °C, 60 °C,
80 °C and 100 °C for 30 min respectively. Observed the results at the fifth day after inoculation the target strain.

3. XP-27 Btk & BEIE AT S MR R B E R HIFI(ER
Table 3. Theinhibition of sterile fermentation filtrate of strain XP-27 on plant pathogenic fungi

Pathogen Inhibition rate/% (xts, n=3)
Pythium aphanider matum SWU3? 23.16+1.86
Trichoderma sp. SWU11° 54.04+0.66
Botrytis cinerea SWU5" 77.960.69
Rhizoctonia solani SWU22 17.73+0.99
Ceratocystis ulmi SWU10 25.29+1.63
Phytophthora nicotianae SWU20 25.96+0.42
Alternaria alternata SWU26 17.26+3.37
Scleromitrula shiraiana SXSG-5 98.23+1.39
Sclerotinia sclerotiorumPZ-2 99.72+0.16
Verticillium dahlia SWU6 26.09+10.65

Inhibition rate were calculated as a percentage of growth inhibition as compared to control test organism in inoculated 7-day for most
organisms (a: 2-day, b: 3-day). Tests were conducted in triplicate and results varied as indicated by standard deviation.
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Figure 5. Effect of different carbon sources, nitrogen sources and inorganic salts on inhibition activity of B.
methylotrophicus XP-27 sterile fermentation supernatant. A: Different carbon sources;, B: Different nitrogen
sources; C: Different inorganic salts. Means represent the value of three replicates. Lines above the bars represent
standard error (SE) of the mean within the treatments.
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Table4. Optimization of culture medium design L (3%) for B. methylotrophicus X P-27 fermentation

Number A B C D Antibacterial rate/%
Test 1 1 1 1 1 247
Test 2 1 2 2 2 11.73
Test 3 1 3 3 3 46.79
Test 4 2 1 2 3 12.96
Test5 2 2 3 1 19.51
Test 6 2 3 1 2 77.16
Test 7 3 1 3 2 66.67
Test 8 3 2 1 3 67.28
Test 9 3 3 2 1 71.36
X1 20.330 27.367 48.970 31.113

X2 36.543 32.840 32.017 51.853

X3 68.437 65.103 44.323 42.343

R 48.107 37.736 16.953 20.740
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Figure 6. Effect of different culture conditions on the inhibition activity of B. methylotrophicus XP-27 cell-free
fermentation supernatant. A: different pH; B: different temperature; C: different inoculation amount; D: different
time. Means represent the value of three replicates. Lines above the bars represent standard error (SE) of the mean
within the treatments.
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Screening, identification and optimization of fermentation
conditions of an antagonistic endophytic bacterium from
mulberry

Xiang Fang', Weifang Xu', NaNiu?, Ting Ou', Fei Wang', Weidong Zuo', Jie Xie"

! State Key Laboratory of Silkworm Genome Biology, College of Biotechnology, Southwest University, Chongging 400715,
China

% Food Inspection and Quarantine Technical Center of Shenzhen Entry and Exit Inspection and Quarantine Bureau, Shenzhen
518000, Guangdong Province, China

Abstract: [Objective] Application of antagonistic endophyte is a potential strategy for biological control of plant
diseases. In this study, the antagonistic endophytic bacteria were isolated and screened from healthy mulberry, to
provide candidate strains for the biological control of mulberry fruit sclerotiniose. [Methods] Tissue isolation
method was used to isolate the endophytic bacteria from healthy mulberry tissues. The endophytic bacterium with
strong and stable antagonistic activity on the pathogens of mulberry fruit sclerotiniose was screened by inhibition
zone method. The antagonistic bacterium was identified through morphological features, cultural, physiological and
biochemical characteristics and 16S rDNA phylogenetic analysis. Antimicrobial spectrum and thermal stability of
cell-free fermentation supernatant were assayed by mycelial growth rate. The fermentation conditions and medium
composition were optimized through single factor and orthogonal experiment. [Results] In total 55 endophytic
bacteria were isolated from heathy mulberry. Among them, strain XP-27 was found to have strong and stable
antagonistic activity against Sclerotinia sclerotiorum PZ-2 (the pathogen of mulberry fruit sclerotiniose).
Morphological features, cultural, physiological and biochemical characteristics indicated that XP-27 belongs to
genus of Bacillus. Based on 16S rDNA phylogenetic analysis, XP-27 was close to the Bacillus methylotrophicus
and within the same clade with severa strains of Bacillus methylotrophicus. Therefore, strain XP-27 was identified
as Bacillus methyl otrophicus, and named to be B. methylotrophicus XP-27. Antimicrobial spectrum assayed results
showed that strain XP-27 had variously antagonistic activity on 10 plant pathogens and had excellent heat stability.
The results of fermentation optimization showed that the optimal medium was composed of 1.00% beef extract,
1.50% starch, 0.05% K,HPQ,4, 0.10% MgSO,-7H,0 and the optimal culture conditions were inoculation size of 7%
for 120 h at 30 °C with initial pH 8.0. [Conclusion] The above results indicated that mulberry endophytic
bacterium B. methylotrophicus XP-27 has strong antagonistic activity on S. sclerotiorum PZ-2, being a candidate
strain for developing the biological control agent against mulberry fruit sclerotiniose.

Keywords: mulberry fruit sclerotiniose, mulberry endophyte, antagonistic bacterium, fermentation optimization
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