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Abstract: Microcystis aeruginosa, a type of algal bloom microalgae, is widely distributed in water, causing serious
deteriorated effects on humans and the ecological environment. As a biocontrol microorganism, Bacillus subtilis can
synthesize various bioactive substances through non-ribosomal peptide synthetase, to inhibit the growth of M. aeruginosa.
Thus, it is imperative to investigate the non-ribosomal peptide (NRP) metabolites of B. subtilis fmb60. Three NRP metabolites
from B. subtilis fmb60 including bacillibactin, surfactin and fengycin were extracted and identified by genome mining
technology. The growth inhibition of M. aeruginosa was studied by adding various concentrations of NRP metabolites. The
half-effect concentration value (ECsp44) Of M. aeruginosa was 26.5 mg/L after incubation for 4 days. With the increasing
concentration, the inhibitory effects of NRP metabolites of B. subtilis fmb60 on M. aeruginosa was enhanced significantly.
Compared with the control group, with the addition of 50 mg/L NRP metabolites to the M. aeruginosa, the content of Fv/Fm,
Fv/Fo and Yield parameter after cultured for 4 days were decreased by 2.8%, 1.7% and 2.0%, respectively. Those findings
indicate that the NRP metabolites of B. subtilis fmb60 can significantly inhibit the photosynthesis and metabolism of

M. aeruginosa, which provides a theoretical foundation for the development of biological algae inhibitor of B. subtilis.
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bacillibactin, fengycin and surfactin.
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Analysis and identification of B. subtilis fmb60 NRP metabolites. (A) HPLC. (B) MS/MS spectra of
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Fig. 2 The effects of different concentrations of drugs
on the density of M. aeruginosa.
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Fig. 3 The effect of B. subtilis fmb60 NRP metabolites on the cell morphology of M. aeruginosa. (A) Control.

(B) M. aeruginosa cell morphology after adding 50 mg/L drugs.
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Fig. 4 The effects of different concentrations of drugs
on the chlorophyll a content in M. aeruginosa.
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Fig. 5 Effects of different concentrations of samples on the fluorescence characteristics of M. aeruginosa. (A) The effects
of different concentrations of drugs on the maximum light quantum yield Fv/Fm of M. aeruginosa. (B) The effects different
concentrations of drugs on the potential activity of M. aeruginosa. (C) The effects different concentrations of drugs on a of
M. aeruginosa. (D) The effects of different concentrations of drugs on the actual quantum production of M. aeruginosa.
(E) The effects of different concentrations of drugs on the rETR,, 0of M. aeruginosa. (F) The effects of different
concentrations of drugs on the I, of M. aeruginosa.
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Xof EL B B4 I SOR ) Surfactin #1 fengycin X6
A= YA A SRR T A P At R, 4 L
A BT 5 AR A YA T . Bacillibactin J& B. subtilis
it B A NRPS #4277 L iy — Rl LA R K MG 2
R, LA A A T R A
FR MK, Ak, #E0 B, subtilis fmb60 Hr
surfactin, fengycin Al bacillibactin A B/p [5] £ i
T 0] o G0 S S A AR R, A A 3R TR AL
ot 35 40 R 3 R 2L, S04 M P ) B R
g2 LR

A AE R B A M A A BT ) S i, e
MG AR R GE 2 B, DR Be e i A K
AT &P, 7E surfactin . fengycin 1 bacillibactin
ERT, WstEEsEgprh st R a. &Ik
St FviFm. SRR G PS T HVE 716 P
Fv/Fo. o fH . SEFRotit 77 i Yield, S AN HY
FAL B H A rETRmax (B AR ADE SR 1
BB TR, L0 A 2t fl S R A LTIV A T I
HIEAVER, BHAS TSR de s i e & i 8L
i, DT 5 | AR g fl 3 S X Ol g ) R A DA K
WTERJOLG H R Z 26, S PSITEE
RET A B 32 BH, [ B FAAIR T G  BE Xo 8 O 1
it 32 g J3 28

2k LRk, AWF5E 2R B. subtilis NRP 2&7=4)
XA E B W W ATREOR , Rl A A P et
IKAG PR E I AL, BA — IR I,
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