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Synergistic inhibition of Lactobacillus acidophilus and Clostridium butyricum

against Shigella flexneri in vitro
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Abstract An agar diffusion method was used to investigate the antimicrobial activities of fermentation broth of
Lactobacillus acidophilus ( L. acidophilus) , and Clostridium butyricum ( C. butyricum) against Shigella flexneri
(S. flexneri) infection in witro. It was found that cell-free culture supernatants ( CFCSs) of L. actdophilus and
C. butyricum possessed remarkable synergistic anti-S. flexneri activity in vitro and the antimicrobial activity of the
mixed culture was 17.2% and 22.4% greater, than single strains alone, respectively. Meanwhile, there was a
symbiotic relationship between L. acidophilus and C. butyricum. The result showed that the biomass accumulation
of the mixed culture reached 4.27 g/L. ( DCW) and increased by 6.0% and 30.6% compared to the
L. acidophilus and C. butyricum, respectively. Moreover, L. acidophilus and C. butyricum clearly inhibited
S. flexneri adhesion to Caco-2 cells by 75.8% and 81.2%, and the combination of these two probiotic strains
demonstrated the highest inhibition rate, reaching 84.2%, while the viability of Caco-2 cells treated with
L. acidophilus, C. butyricum or their combination was increased by 11. 5%, 12. 5% and 22. 9%, respectively. The
synergistic effect of L. acidophilus and C. butyricum provided better protection against Shigella flexneri infection,
which represents a promising alternative therapy for shigellosis.
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Antimicrobial activities of Lactobacillus acidophilus ( LA)

Figure 1

and Clostridium butyricum (CB) cell-free culture supernatants ( CFC-
Ss) against ciprofloxacin-resistant Shigella flexneri investigated with an
agar diffusion method

1 : MRS culture medium (pH 6.5) as a blank control;2 . L. acidophilus
CFCS;3. C. butyricum CFCS;4.CB + LA co-culture CFCS;5 ; ciproflox-
acin (512 pg/mL) as a positive control. ** ™ P <0. 001
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Table 1 Effects of pH and temperature on the antimicrobial activities
of the CFCSs of L. acidophilus and C. butyricum against ciprofloxacin-

resistant S. flexneri(x +s,n=3)

Inhibition zone of CFCS*/mm

Condition CB + LA
CB LA e
Untreated ( control)  14.7 0.6 * 16.7 1.2 18.7+0.6
pH 4.0 13.7+1.2 13.7+1.2 13.7+1.2
pH 5.0 ND ND ND
pH 6.0 ND ND ND
37 °C for 15 min 14.3+£0.6" 17.3 1.2 20.0+1.0
80 °C for 15 min 14.0£1.0* 18.0+1.0 19.3+0.6
100 °C for 15 min 13.7£2.3* 17.3 £2.1 20.3+1.5

* Diameter of the inhibition zone observed with growing cells
* P < 0.05wvs CB+ LA group
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Figure 2 Symbiosis of L. acidophilus and C. butyricum (x £s,n=3)
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Figure 3 L. acidophilus and C. butyricum synergistically inhibit
S. flexneri (SF) adhesion to Caco-2 cells (% +s,n=3)
*** P <0.001 vs S. flexneri infection group without treatments ;
##pP <0.001 vs combination group
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Figure 4 L. acidophilus and C. butyricum synergistically inhibit

S. flexneri cytotoxicity to Caco-2 cells
**P<0.01," " " P<0.001 vs S. flexneri infection group without treat-

ments; * P <0. 01 vs combination group
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