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Isolation, identification of an antagonistic bacteria from bee bread
and characteristics of antimicrobial substances

SHEN Guang-Hui© FENG Meng ZHANG Zhi-Qing LI Shan-Shan QIN Wen
LIU Shu-Liang

(College of Food Science, Sichuan Agricultural University, Ya’an, Sichuan 625014, China)

Abstract: [Objective] To explore potent antagonistic microorganisms in bee bread, an antagonistic
strain PC2 isolated from bee bread was identified, and its antimicrobial characteristics were
evaluated. [Methods] Antagonistic spectrum and effect of thermal, pH, UV irradiation and protease
on fermentation broth inhibitory activity were assessed by Oxford cup plate assay; strain
identification was based on morphology, physiological and biochemical characteristics and 16S
rRNA gene sequence analysis. The antimicrobial protein and lipopeptide compounds were separated
by ammonium sulfate precipitation and acid-precipitate organic solvent extraction method,
respectively. [Results] A total of 17 antagonistic microorganisms were isolated from 3 different bee
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bread samples. Strain PC2 fermentation broth cultured in Potato Dextrose Broth showed excellent
antimicrobial activity against 7 tested microorganisms. Strain PC2 was preliminary identified as
Bacillus amyloliquefaciens by morphological, physiological and biochemical characteristics
combined with 16S rRNA gene sequence analysis. The antimicrobial activity of fermentation broth
was not sensitive to temperature, acidity and UV irradiation. However, fermentation broth treated
with pepsin, alkaline proteinase and protease K lost antimicrobial activity. Proteins and lipopeptides
were the main antimicrobial compounds. [Conclusion] Strain PC2 isolated from bee bread has potent
applications in food preservation and agricultural biological control.
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Figure 1 Inhibitory zone of cell-free fermentation broth of
strain PC2 against S. aureus
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Table 1 Inhibitory effect of strain PC2

Tested strains Inhibition zone diameter (mm)

Staphyloccocus aureus 27.04+0.98
Escherichia coli 23.04+0.99
Saccharomyces cerevisiae 40.44+0.26
Micrococcus luteus 15.74+0.50
Bacillus subtilis =

Rhodotorula sp. =

Fusariu oxysporum 17.54+0.68
Pythium aphanidermatum 21.51+0.62
Penicillium expansum 17.33+0.62

Note: —: No inhibitory effect.
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B2 FE#PC2 TRABRRIINEERNR

Figure 2 Inhibitory effect of cell-free fermentation broth of strain PC2 against four test strains
A B C D

Note: A: Escherichia coli; B: Saccharomyces cerevisiae; C: Micrococcus luteus; D: Fusarium oxysporum.
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6
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4044 mm( 2) Bacillus
= \ S 1l = x2 BERARIEFE LB EREE SR EE T
24 E#PC25 ;Eé/E Table 2 Inhibitory activity of cell-free fermentation
2.4.1 ﬁé?&'—ﬁﬁf PC2 PDA 37 °C broth of strain PC2 cultured in different media against
Saccharomyces cerevisiae
36 h
( 3A) Culture media Inhibition zone diameter (mm)
PDB 40.44+0.26
NB 17.04+0.30
NYDB -
( 30 Culture media 1 -
242 EBERIEME. PQ2 Culture media 2 -

Note: —: No inhibitory effect. The same below.

S-4800 10.0 kV 11.3 mm=25.0k" " 2.00'um

B3 Ek PC2 FLASHFE
Figure 3 Morphology of strain PC2
A PDA B (1000x) C (2 500x%).
Note: A: Colony morphology on PDA plate; B: Gram staining thalli and spore (1 000x); C: Thalli scanning electron microscope (2 500x).
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Figure 4 Phylogenetic tree based on the partial 16S rRNA gene sequence of PC2 and type strains

Bootstrap

GenBank .

Note: Numbers at branch nodes present bootstrap value; The GenBank accession number of aligned sequences are shown in the brackets; Bar:

Nucleotide divergence.
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Pythium aphanidermatum Figure 7 Inhibitory activity of cell-free fermentation broth
0.05 . . of strain PC2 treated with ultraviolet irradiation against
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Figure 6 Inhibitory activity of cell-free fermentation broth
of strain PC2 treated with different pH against Pythium
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Table 3 Inhibitory zone diameter of the precipitation by ammonium sulphate precipitation method (mm)

Ammonium sulfate saturation (%)

Tested strains 30 40 50 60 70 80 90
Staphyloccocus aureus 22.31+0.90 25.56+0.89 28.91+0.72 32.45+0.86 20.08+0.47 - -
Escherichia coli = = 23.87+0.64 25.12+0.85 26.82+1.03 20.43£0.80 =

Saccharomyces cerevisiae 36.33+0.95 41.54+0.76 43.53+0.91 35.14+0.73 26.70+0.65 - -

x4 FRIBMERE G L EROMEES

Table 4 Inhibitory zone diameter of the supernatant by ammeonium sulphate precipitation method (mm)

Ammonium sulfate saturation (%)

Tested strains 30 40 50 60 70 80 90
Staphyloccocus aureus 16.50+1.01 15.44+0.94 12.56+0.59 18.53+0.84 16.78+0.69 - -
Escherichia coli 18.23+0.96 16.80+0.82 10.45+0.93 - - - -
Saccharomyces cerevisiae 18.18+0.57 12.63+0.84 12.82+0.77 19.33+0.64 10.21+0.88 = =

x5 AFRAHAETRIIINRER LHRMINEENE

Table S Inhibitory zone diameter of different solvent extracts from precipitation and supernatant by hydrochloric acid
precipitation method (mm)

Organic solvent

Tested strains Supernatant
Methanol Ethanol N-butyl alcohol Acetone Ethyl acetate Petroleum ether
Staphyloccocus 18.59+0.73  20.33+0.68 = 16.28+0.90 12.88+0.84 = 20.58+0.59
aureus
Escherichia coli 12.51+0.87  10.76+0.74 = 9.22+0.94 16.78+0.72 = 16.47+0.76
Saccharomyces 23.54+0.55 26.38+0.83 - 18.19+0.73 16.23+0.80 = 35.20+0.81
cerevisiae
3
[13-16]
[10-11] [12] [4,12]
68 12 1
3 17 PC2
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