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Effect of sodium butyrate on biofilm formation and virulence

of Salmonella typhimurium
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Abstract: [ Objective] To investigate the regulatory effects of sodium butyrate on biofilm formation by Salmonella typhimurium and clarify
its effects on the expression of virulence-related genes and pathogenicity under in vivo conditions. [ Methods] S. typhimurium was treated
with 4 mg/mL and 8 mg/mL sodium butyrate, and the effects of sodium butyrate on biofilm formation, motility, metabolic activity, and
quorum sensing of the strain were detected. The expression changes of virulence genes (hild, invF, and sip4) in sodium butyrate-treated
strains were analyzed by quantitative real-time PCR. A C57BL/6 mouse infection model was established using S. typhimurium pretreated
with 8 mg/mL sodium butyrate, and the survival time of mice, bacterial loads in the liver and spleen, and pathological changes in these
organs were analyzed. [ Results] Sodium butyrate at concentrations of 4 mg/mL and 8 mg/mL reduced biofilm formation by the strain in 96-
well plates (P<Z0.05), decreased the diameters of bacterial colonies formed on semi-solid medium by 43.68% and 63.73%, respectively,
reduced metabolic activity by 6.85% and 34.00%, respectively, and decreased purple pigment production by quorum sensing indicator
bacteria by 42.15% and 67.46%, respectively. Treatment with 8 mg/mL sodium butyrate increased the expression levels of the 4il4, invF, and
sipA genes by 1.6-, 2.7-, and 1.3-fold, respectively, shortened the survival time of mice, increased bacterial loads in the liver and spleen, and

caused obvious pathological changes in these organs. [ Conclusion] Sodium butyrate can weaken biofilm formation by S. typhimurium
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through regulating its motility, quorum sensing, and metabolic activity, but it may also promote changes in the virulence of S. typhimurium.

Keywords: sodium butyrate; Salmonella typhimurium; bacterial biofilm; virulence
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Figure 1

Salmonella typhimurium

Effect of sodium butyrate on the growth curve of
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Figure 2 Effect of sodium butyrate on biofilm formation

of Salmonella typhimurium

23 TERMMBRGEDITEIN NN

A 1A BT B AR 0 Bl ) R VD 1T I A B A 5T 3R TR
S A, ¥E B 7L AR Y ROE UL B2 b T RE ST Y 52 Bl 4R R A
FIRE AR DL AR 35 4L 250 1 BE A 4,8 mg/mL
TRRAXT MR IRy 45 R LI 3, 4,8 mg/mL T R
B 2 TR S 3R L A K 24 h S Y AH T BB AR 4
(2.05+0.26),(1.32+0.11) cm, & X F& 24 2 50 /> T 44
43.68% (P<C0.01) 5 63.73%(P<C0.001) . XuZ" R iE KN
% G 30 Ao B AR P9 pHL T 0 HE B 1 e % BOD 1] 1A iz Bl e
JIMREAR . D3 Ab 20 DA T R 04 Bt W] 9 55 A A A6 B BRI
20 R AE B Ay, kR W A A R 8 R . ik 4,
8 mg/mL T R ) i 35 0 55 B JE U T VA 04 B 0 ) N 1 g
R e 2B P RE R B

0 mg/mL (X} fit)
B3 TRMTKGERIITEASD NG a
Figure 3 Effect of sodium butyrate on the motility of

4 mg/mL 8 mg/mL

Salmonella typhimurium

R 298 | 2026 FE 8 A | RMSHM

2.4 TERAXT R4 E W T E R BHE A R0

3R A P Y D820 5 Al T A PERE AR DG . Zhu
SRV, 0.5 mg/mL TR B GE RV I SR B AR B RO A
0 1 I OSF 3 ] AR S P 4T AR . Lin 4T R B
1 mg/mL T F2 & 0] fiff G5 2 U0 1T 7 SL 1344 A= 4y 5 v 210 7
FEAT AR E MEFRAT . B 4T A1, 4,8 mg/mL T ER #1447
WAk AV X 280 A A 30 A S 0 1T B A AR M, A AR
W PE 0 R R BEZH B9 93.15% (P<C0.01) , 66.00% (P<<
0.001) o &l T 1R 38 11 14 1Y e AL B T 26 7. 301 400 ol 4 6 2
B W T 5 B2 B 68 B AR E T O 20 A B 2 A ) B B
90 30T A% B 207, S0RT A A B v U D M b R
PRy A o T R A BT TE D 1D B AR Y R A
AT BE7E A 4 TR 1 19 A () s 199 349 & 4B T

1201
X L
N :; 100 "
iz g
=280
- I
40
0 4 8

TR A Ak

Sodium butyrate mass concentration/(mg *+ mL™)
B4 TRMATEHEEDTTTARBERG R
Figure 4 Effect of sodium butyrate on the metabolic

activity of Salmonella typhimurium

2.5 TERPAXT BRI 1T B A B AL O B T

YT R AT LAF ] LuxI/LuxR £ 55 7= A Ik 35 0 22
%2 N R (AHL) 1 g BRI N 1415 5 40 F 5 5 240 108 28 e
B B e s 220 o e AT R ) S e A AR R ST AHL
A TR 42 R T 55 A €8 2R 1A P A, DT A Sy TR AR U N
R B AR T BE AR RG5>, 4,8 meg/mL T R4 %t
FAOOFF R E O ORI, SR ILE S, 4,8 mg/mL T

1.01
0.81

060

Qﬁ
© 04

Hk
I Hokok
0.0 I
0 4 8

0.2}
TR B R R

Sodium butyrate mass concentration/(mg + mL™)
IR ELRN NUE SUNRE- En i YA R A

Figure 5 Effect of sodium butyrate on quorum sensing of
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Figure 6 Effect of sodium butyrate on virulence of Salmonella typhimurium
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