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Biosynthesis of spherical selenium nanoparticles with
halophilic Bacillus subtilis subspecies stercoris strain XP for
inhibition of strawberry pathogens
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Abstract: Biosynthesis of nanomaterials has attracted much attention for its excellent characteristics such as low energy
consumption, high safety, and environmental friendliness. As we all know, the toxic selenite can be transformed into
higher-value nanomaterials by using bacteria. In this study, nano-selenium was synthesized by halophilic Bacillus subtilis
subspecies stercoris strain XP in LB medium supplemented with selenite (electron acceptor). The physicochemical
characteristics of nano-selenium were analyzed by scanning electron microscope (SEM), X-ray energy dispersive spectral
analysis (EDAX), X-ray diffraction (XRD), and fourier transform infrared spectroscopy (FTIR). Meanwhile, the antifungal
activity of nano-selenium to strawberry pathogens (fusarium wilt, erythema, and purple spot fungi) was determined. The
products from reduction of selenite by strain XP was amorphous spherical selenium nanoparticles (SeNPs) with a diameter
range of 135-165 nm. The production of SeNPs was positively correlated with time (0-48 h) and no changes were observed on
cell morphology. Selenium was dominant in the surface of SeNPs where the organic elements (C, O, N, and S) existed at the
same time. SeNPs were coated with biomolecules containing functional groups (such as -OH, C=0, N-H, and C-H) which were
associated with the stability and bioactivity of particles. Although the highest concentration of SeNPs had significant (P<0.05)
inhibitory effects on three strains of strawberry pathogens, antifungal activity to erythema and fusarium wilt pathogenic fungi
was higher than that to purple spot pathogenic fungi from strawberry. In conclusion, strain XP not only has strong tolerance to
high salt stress, but can be also used to synthesize biological SeNPs with good stability and biological activity. Thus, the strain
XP has bright perspectives and great potential advantage in pathogens control and green selenium-rich strawberry planting as
well as other fields.

Keywords: Bacillus subtilis subsp., biological nano-selenium, physicochemical characteristics, antifungal activity
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1.1 #r#
111 e Ak

ki B ZF 9 #F B Bacillus subtilis subspecies
stercoris strain XP fE W ATk Z —, HADRM
ZHBIF SN DAL DA T o7 30 DR A T 7 i v 4
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T 2020 4F 4 J1 R T WU Bl 355 HIGNEE S
SRR, fRVLIR A AR R e R i 5 i S 4
FHF KA A= P 15 53 A o
1.1.2 B
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W gE s (PBS, 0.01 mol/L, pH 7.2-7.4).

IXE% . MR EEAY (GE Ultrospecl0, 3[H),
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LB K35dtrp, fHIE (37 °C) A (150 r/min) 4R
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AFLT (AN 1 ), 3t B A i 101218190
T it PE WA S, BOAS [ [R]85
FRWHAT R AR . NI 2 fif 7R 11 SEM L
TFHRALES, AT E4 (Control) Ff
A7 A B BRI BURLCAR P 5t R FHBE (Y. (EDAX)
X BRIE 0 22 1 e R AL AT o0 M, S5 anE 3
Fis, S50 1.4, 112, 125 keV HBLT Se ot
KIFFEIE, Bk £ 1H Se JC K MAIR & &
(34%), CuJt®E (29%) K A EAEHIMN, BLih &4
ok ARV RS FRIAHLICE, AT e e
AR XP ™ A ) BRIE J5URL A A= 4 49 DK Al 50kE
(SeNPs)P 131 ik Ly 5] 2 tfr & AN ] 5 SEM R
LR RIEEFR A 12 h BB kR XP A4 40 R A
/D EERIE SeNPs JE A%, Rl 7E 135-165 nm 2
[H]; BEE B SRR AER: , XFIERIE SeNPs SRFHE
Mok Z,  H A R4 4 A A R 24 40 BICZE 20
Hho BEAN, L HAEIE R IR AT RIS, 7E SeNPs fiE
RS, BERE XP ALIE SR Z R, X
UiB 5 mmol/L Se (IV) X§ XP A K I A = A i,
FFikr Se (IV) AbBRMREAIE .

Control Se (IV) Control

R A

Se (IV) Control Se (IV)

1 EEEFIEDXEELE (Control) Fafnil (Se (IV)) AERFETHIFER
Fig. 1 Changes in color of medium supplemented with or without Se (IV) after 12, 24, and 48 h cultivation.
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2 AREIEFFEEE XP @RS RESMA KM AEEERRE
Fig. 2 SEM of cellular morphology and SeNPs synthesized by strain XP after 0, 12, 24, and 48 h cultivation.
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3 “i{L/5HY SeNPs HFBIREG R H X S & ae ik o4
Fig. 3 SEM images and X-ray energy dispersive spectral analysis (EDAX) of purified SeNPs.
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Fig. 4 X-ray diffraction pattern of biosynthetic SeNPs (A) and Na,SeO; (B).
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Fig. 5 Fourier transform infrared spectrum of biosynthetic
SeNPs.
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Fig. 6 Colony of strawberry pathogens treated with different concentrations of SeNPs (A) and the corresponding
inhibitory rate (B). (Note: KW, ZB, and HY was used to represent the strain Fusarium oxysporium Schl.,
Mycosphaerella fragariae, and Pestalotiopsis clavispora, respectively.)
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