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Periodic ultrasound enhancement of solid-state fermentation of Bacillus halotolerans for
protease production and transcriptomic analysis
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Abstract: To investigate the effects of periodic ultrasonic treatment on protease and polypeptide production by Bacillus halotolerans during solid-state
fermentation, using soybean meal as the substrate and B. halotolerans as fermentation strain, the effects of periodic ultrasonic treatment on protease
activities and viable counts in the solid-state fermentation products were investigated, the mechanism of protease production by B. halotolerans under
solid-state fermentation with periodic ultrasound enhancement was further elucidated by transcriptome sequencing technology, and the optimal peri-
odic ultrasound conditions were applied to prepare bioactive peptides by solid-state fermentation of B. halotolerans. The results indicated that the op-
timal ultrasonic treatment conditions were as follows: ultrasonic power 500 W, time interval 16 h and time 60 min. Under these optimal conditions,
the protease activity reached (5 151.78+137.69) U/g, which was 450.61% higher than that of the control group (without ultrasonic treatment). Transcrip-
tomic analysis results showed that there were a total of 2 557 significantly differentially expressed genes (DEGs) in the transcriptome (1 277 up-regu-
lated and 1 280 down-regulated). Periodic ultrasonic treatment effectively prevented the bacterial cells from entering a dormant state by inhibiting the
expression of sporulation-related genes (spoOM, sigF, spollQ, spolIAA, spolIAB), thereby enabling continuous protease production.

Key words: periodic ultrasonic; Bacillus halotolerans; solid-state fermentation; protease; transcriptomics
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Table 1 Effects of periodic ultrasonic treatment on viable counts

and protease activities during solid—state fermentation of
Bacillus halotolerans
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Fig. 1 Effects of different time interval of periodic ultrasonic treatment
on viable counts and protease activities during solid—state
fermentation of Bacillus halotolerans

H PEL LR R 24 ] S0 e S Ak ) B B ] A 12 s
1A TS RN TG B A R (5 325.39+159.85) U/g Ml (52.6+
2.1)x10" CFU/g, A ik A S g 52 b — ks A A 3 1y 4
7, U I 22 R BOR T 3 45 05, B RSB T 5 24 JE



2025 Vol.44 No.10

+60- Serial No.404

China Brewing

Research Report

A P Ao L] B P ) Sy 16 i, 2 1 Rl 9 R T AR 3 B
KA, 23 514 (6 102.29+104.66) Ulg. (53.8+2.8)x10” CFU/g,
204 Ji S e P A 3L ) o [ S 24 i 2 1 G R T A
G392 (5 102.19+144.14) Ulg , (50.5+2.2)x10" CFU/g , %} 1§
AR 240 i B R 4 B B ) B A RO /N Iz A B B Z e
5 S5 P A R A A AN TR U TR e R 1 R R Ah B
[i] B B[] 24 16
213 AHEAFAEREAIREFAFATESLBE Y E
BB R EE R E

TR D500 W, 75 A1) B 16 hid) 4 1F F  #49¢
JE) 3T R R A B (8] X i R 27 f 4T 5 (B, halotolerans)
A5 K T v B PTG RS TR A sE e 25 SR OLEI2, e EI20T
1 BB TR AP R R AL B ) £ 30~ 120 mindt P A 3
T 2 P S R DS 5 SR IS BRI 2
i 7 A PR 1] A 30~ 60 minft, 2 P BTG A B BORE =2 1
T 4 3P R A 3R ] 5 60 minB & T RS O
Bk #l s, 0 B oh (5151.78+137.69) U/g , (55.5+0.21)x
107 CFU/g; 4 J& 393 % 8 75 40 B 6] > 60 minz2 ) |, 26 M il
15 55 1% WA A TR B, AR ) i B B4R B R s
AR A5 25 T IR 40 M 25 40, 3 LK A ME B0, PAWAR S 'V
A5 ) FH R 7 5 Ak A 2 FRLAT 181 7 DR 2 6 0 1 2 1
Sz B0 258 7 A TR () Ay 15 in i B 1 R B 2 1 £
R A A B (R) R L 15 minf Hy 4 B A0 R A
A Ak SR TR T AN B B 1 R AL, S AR S A
FEA 3, I, 2 5% Joe A 59 U 75 b B[] 4760 min,

8000 - = EEEEE o TR - 60
o 6400 ° ‘ © 148
b =)
2 4800 | 136 &
i S
2 3200 124 2
o B
600 | 112 ®
ot

0 0

30 60 90 120
ER T Ab PR A]/min

B2 7 [E) ) HA 4 B 7 4b 2R B i8] X T 2R 2R TR AT B B S A B R E HA
EHBENZNE
Fig. 2 Effects of different periodic ultrasonic treatment time on viable
counts and protease activities in solid—state fermentation of
Bacillus halotolerans
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Fig. 3 Volcano plot of differentially expressed genes between the
treatment group and the control group
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Fig. 6 Changes of viable counts, protease activities, polypeptide
and amino acid contents during solid—state fermentation
process of Bacillus halotolerans
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