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Mechanism of Enterococcus faecalis MG 2108 against
mouse colitis

XIE Meigui, WANG Wenyan, LUO Can, LIU Yujie, LAN Shile, WANG Zheng*

College of Bioscience and Biotechnology, Hunan Agricultural University, Changsha 410128, Hunan, China
Abstract: [Objective] To screen probiotics with inhibitory effect on murine colitis induced by
Citrobacter rodentium and to investigate the mechanism. [Methods] The tolerance of the four screened
strains was tested with simulated gastrointestinal fluid, and their inhibitory ability against C. rodentium
was examined in vitro. Finally, Enterococcus faecalis MG 2108 was screened out. A total of 72 male
7-week-old ICR mice were randomized into two groups after 7-day adaptive feeding: normal control
group (MC, 24 mice, normal saline) and inflammation control group (IC, 48 mice, 1x10'® CFU/mL C.
rodentium). After 7 days, 12 mice were respectively selected from the two groups and the inflammation
was examined based on hematoxylin and eosin (HE) staining of colonic tissues and detection of
inflammatory factors. The remaining 12 mice from the MC were renamed as NC to distinguish the
normal control group before and after modeling. The mice of IC group were randomly divided into
three groups: natural recovery group (IR, 12 mice, normal saline), ciprofloxacin group (CF, 12 mice,
4 mg/mL ciprofloxacin), and E. faecalis MG 2108 group (EF, 12 mice, 1x10* CFU/mL E. faecalis MG
2108). After 18 days of gavage, all mice were anesthetized and dissected and blood was taken from the
eyes. [Results] E. faecalis MG 2108 alleviated the injury of colon and liver induced by C. rodentium.
E. faecalis MG 2108 promoted the repair of colon tissue via decreasing the expression of inflammatory
cytokines and increasing the expression of tight junction protein. E. faecalis MG 2108 induced
structural changes in gut microbiota, as the abundance of beneficial flora such as Enterorhabdus and
Akkermansia increased in EF group, and the content of short-chain fatty acids (SCFAs) in EF group was
higher than that in CF and IR groups (P<0.05). [Conclusion] E. faecalis MG 2108, an intestinal
probiotic strain, shows better effect on the C. rodentium-induced colitis than ciprofloxacin, and the

effect of IR group was significantly inferior to that of EF group.

Keywords: Enterococcus faecalis MG 2108; intestinal flora; short-chain fatty acids; colonic inflammation
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Table 1 Determination of tolerance of lactic acid bacteria to gastric fluids
.. 1.5h 3h
. Initial colony count/ . - - - - -
Strain (109 CFU/mL) Number of active bacteria/ Survival rate/ Number of active bacteria/ Survival rate/
(10° CFU/mL) % (10° CFU/mL) %
X1 2.25+0.31 1.2240.12 54.22+0.39 0.50+0.029 22.22+0.41
X2 2.07+0.22 0.73+0.04 35.26+0.18 0.70+£0.06 33.81+0.96
X3 0.28+0.02 0.32+0.02 114.28+1.00 0.15+0.01 53.57+0.50
X4 1.11£0.20 0.29+0.03 26.13+0.15 0.50+0.03 45.05+1.00
Fz2 FEREMBARAT N E
Table 2 Determination of the tolerance of lactic acid bacteria to intestinal fluids
.. 3h 6h
. Initial colony count/ , _ , ; i _
Strain (106 CFU/mL) Number of active bacteria/ Survival rate/ Number of active bacteria/ Survival rate/
(10° CFU/mL) % (10° CFU/mL) %
X1 0.93+0.07 5.14+0.32 552.69+4.57 0.43+0.06 46.23+0.19
X2 0.63+0.02 2.44+0.40 387.31+20.00 0.14+0.03 22.22+0.08
X3 0.08+0.01 0.31+0.09 387.50+9.00 0.03+0.01 37.50+0.11
X4 0.34+0.27 0.31+0.09 91.18+0.33 0.02+0.01 5.88+0.11

*3 FAREMREFERBRTEANNEIRE

Table 3 Bacteriostasis of lactic acid bacteria against Citrobacter rodentium

Inhibition diameter/mm

Strain Sensitivity level
Bacterial solution/(1x10® CFU/mL) Saline/(9 mg/mL)

X1 6.8+0.08 0+0.00 Not sensitive

X2 6.3+£0.12 0+0.00 Not sensitive

X3 7.3+0.14 0+0.00 Lowly sensitive

X4 4.0+0.06 0+0.00 Not sensitive

<l actamicro@im.ac.cn, & 010-64807516
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Table 4 Bacteriostasis of the same dose of antibiotics against Citrobacter rodentium

Inhibition diameter/mm

Antibiotic types

Aqueous solution/(1.33 mg/mL)

Sensitivity level
Saline/(9 mg/mL)

Oxytetracycline 22+0.10
Ciprofloxacin 43+0.10
Chlortetracycline 8.0+0.10
Tetracycline 4.0+0.00

0+0.00 Extremely sensitive
0+0.00 Extremely sensitive
0+0.00 Lowly sensitive
0+0.00 Not sensitive

x5 FRFEMERMRETERTENINELE

Table 5 Bacteriostasis of different doses of antibiotics against Citrobacter rodentium with the unequal

antibiotics

Inhibition diameter/mm

Type and content of antibiotics

Aqueous solution

Sensitivity level
Saline/(9 mg/mL)

Oxytetracycline (8 mg/mL) 27+0.25
Ciprofloxacin (4 mg/mL) 43+0.25
Chlortetracycline (1.33 mg/mL) 10+0.06
Tetracycline (1.33 mg/mL) 4.0+£0.15

0+0.00 Extremely sensitive
0+0.00 Extremely sensitive
0+0.00 Moderately sensitive
0+0.00 Not sensitive

http://journals.im.ac.cn/actamicrocn
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Table 6 The result of Enterococcus faecalis drug-sensitivity test

Antibiotic types Inhibition diameter/mm Sensitivity level Types
Doxycycline (DOX) 30.67+1.15 Extremely sensitive Tetracycline
Tetracycline (TET) 30.67+0.58 Extremely sensitive Tetracycline
Minocycline (MIN) 25.67+0.58 Extremely sensitive Tetracycline
Florfenicol (FFC) 28.33+0.58 Extremely sensitive Chloramphenicol
Compound trimethoprim (T/S) 22.67+0.58 Extremely sensitive Sulfonamides
Vancomycin (VAjg) 20.33+1.15 Extremely sensitive Glycopeptides
Gentamicin (ERM) 18.33+0.58 Highly sensitive Aminoglycoside
Ciprofloxacin (CFX) 18.00£1.00 Highly sensitive Quinolone
Levofloxacin (LVX) 15.67£1.15 Highly sensitive Quinolone
Penicillin (PEN) 15.00+1.00 Highly sensitive Penicillin
Piperacillin (PRL) 17.67+0.58 Highly sensitive Penicillin
Cefoperazone (CPZ) 15.33+0.58 Highly sensitive Cerosphere
Amikana (AZI) 13.67+0.58 Moderately sensitive Aminoglycoside
Azithromycin (AMK) 13.00+1.00 Moderately sensitive Macrolide
Norfloxacin (NFX) 13.33+0.58 Moderately sensitive Quinolone
Ampicillin (AMP) 12.67+0.58 Moderately sensitive Penicillin
Erythromycin (GEN) 6.33£1.53 Lowly sensitive Macrolide
Lincomycin (LZN) 8.00+0.00 Lowly sensitive Amide
Imipenem (IPM) 0.00+0.00 Not sensitive Carbonia
Kanamycin (KAZ) 0.00+0.00 Not sensitive Aminoglycoside
Streptomycin (STM) 0.00+0.00 Not sensitive Aminoglycoside
Oxacillin (OXA) 0.00+0.00 Not sensitive Penicillin
Cephalexin (CHA) 0.00+0.00 Not sensitive Cerosphere
Cefazolin (CEZ) 0.00+0.00 Not sensitive Cerosphere
Cefuroxime Sodium (CFO) 0.00+0.00 Not sensitive Cerosphere
Ceftazidime (CTZ) 0.00+0.00 Not sensitive Cerosphere
Ceftriaxone (CTR) 0.00+0.00 Not sensitive Cerosphere

B Polymyxin B (POL) 0.00+0.00 Not sensitive Polypeptide
Chloramphenicol (CHA) 0.00+0.00 Not sensitive Other
Clindamycin (CEZ) 0.00+0.00 Not sensitive Other

x7 PREEHEANEEER

Table 7 Organ weights of mice during modeling/g

Organ MC IC

Colon 0.53+0.04* 0.46+0.03*
Heart 0.18+0.01* 0.16+0.00*
Liver 1.47+0.05% 1.474+0.04*
Spleen 0.11+0.01% 0.11+0.01°
Kidney 0.51+0.04% 0.53+0.02°
Brain 0.45+0.01* 0.41+0.02°

Not containing the same alphabet indicates a significant difference (P<0.05), containing one or more of the same alphabets

indicates no significant difference. Same as below.

<l actamicro@im.ac.cn, & 010-64807516
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Figure 2 Changes in body weight, diet and water intake of mice. A, B: body weight change during modeling
and treatment; C, D: diet change during modeling and treatment; E, F: water change during modeling and
treatment. MC: blank control group; IC: inflammation group; NC: natural control group; IR: natural recovery
group; CF: ciprofloxacin group; EF: Enterococcus faecalis group. Graphing with “meantSEM”. Same as

below.
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Table 8 Organ weights of mice during treatment/g

Organ NC IR CF EF

Colon 0.55+0.04" 0.49+0.09* 0.49+0.04" 0.59+0.05%

Heart 0.20+0.02% 0.19+0.01° 0.20+£0.01* 0.19+0.01°

Liver 1.71+0.06" 1.61+0.04" 1.65+0.03" 1.57+0.04%

Spleen 0.14+0.02° 0.10+0.01° 0.10+0.00° 0.11£0.01%

Kidney 0.59+0.03% 0.60+0.01° 0.61£0.02% 0.62+0.03°

Brain 0.42+0.02° 0.43+0.02° 0.44+0.01* 0.43+£0.01?

2.6 #iA¢HY HE 36

I 3A ATLVE L, 5 MC 4lit#g, 1IC 4
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Figure 3  Colonic length and HE-stained sections of the mice in each group. A: colonic length in mice; B:
HE-stained sections of mouse colon. ** P<0.01, * P<(.05. Same as below. Scale bar: 500 um.
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Figure 5 Antioxidant indexes of liver in each group of mice.
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Figure 6 Expression of relevant pro-inflammatory genes in colonic tissues of various groups of mice.
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Figure 9 Beta diversity analysis. A: PCoA diagram; B: Veen diagram.
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Table 9 Alpha diversity analysis
Parameter MC IC NC IR CF EF
Chao index 351.33£15.97"  410.73+17.48" 323.48+22.92°  329.84+8.31° 301.70£29.50° 380.22+31.43%

Observed species

212.95+3.44%

234.08+6.64°

201.92+9.68%

198.30+5.47%

186.58+17.10° 213.30+19.75%

Shannon index 6.53+0.10° 6.71+0.11° 6.45+0.13% 6.35+0.11° 6.09+0.23" 6.19+0.40°
Simpson index 0.97+0.00* 0.98+0.00* 0.97+0.00* 0.97+0.00a 0.96+0.01a 0.95+0.02*
Pielou-e 0.84+0.01° 0.85+0.01° 0.84+0.01° 0.83+0.01a 0.81+0.02° 0.80+0.04°
Faith-pd 18.19+0.19° 18.89+0.48° 16.97+1.45% 16.91+0.44®®  14.91+1.00°  17.86+1.11°
Good’s coverage 0.89+0.00%* 0.87+0.01° 0.90+0.01%° 0.89+0.00%° 0.90+0.01° 0.88+0.01%
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Figure 10 Heatmap and flora composition at the level of phylum in various groups of mice. A: heatmap of
the the level of phylum flora; B-E: changes in the abundance of Firmicutes, Verrucomicrobia, Tenericutes
and Actinobacteria, respectively.
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Akkermansia, respectively.
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Figure 12 Feces short chain fatty acid content and correlation in various groups of mice. A: content of short
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