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Table 1. List of the Enterococcus faecalis strains analyzed in this study

Strains NCBI accession number Separated from Origin
ATCC 194337 ASDA00000000.1 Laboratory purchase Reference strain
DM7-2 MSQG00000000 Baotou in Inner Mongolia Cheese
ELS8-4 MSQH00000000 Russia Aginsk town Natural fermented milk
HS5152 MSQI00000000 Hohhot in Inner Mongolia Natural fermented porridge
HS5302 MSQJ00000000 Hohhot in Inner Mongolia Natural fermented porridge
MGA44-7 MSQK00000000 Province of Kent, Mongolia Natural fermented milk
NM15-4 MSQL00000000 Hulun Buir in Inner Mongolia Natural fermented milk
NM31-3 MSQM00000000 Hulun Buir in Inner Mongolia Natural fermented milk
QH-29-4 MSQNO00000000 Haibei state in Qinghai Natural fermented yak milk
QH9-5 MSQO00000000 Haina state in Qinghai Natural fermented yak milk
WZ21-1 MSQP00000000 Bayinnaoer in Inner Mongolia Natural fermented goat milk
WZ34-2 MSQQ00000000 Bayinnaoer in Inner Mongolia Natural fermented camel milk
XJ76305 MSQR00000000 Yili in Xinjiang Natural fermented milk
XM26-4 MSQS00000000 Xilin Gol in Inner Mongolia Koumiss
YM11-6 MSQT00000000 Erdos in Inner Mongolia Natural fermented goat milk
YM39-2 MSQU00000000 Erdos in Inner Mongolia Natural fermented goat milk
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2. EBIKEX 15 MINERZM MIC RHER

Table 2. The MIC distribution results of Enterococcus faecalis to 15 antibiotics
Strains CLI NEO CHL QUI CIP RIF TET TRI STR AMP GEN KANA VAN LINE ERY
ATCC194337 16R  32R  64R 0.25S 16R 16R 0.25S 0.25S 64S 1S 16S 5128 1S 0.5S 4S
HS5152 >16R 128R 8S >8R 32R 16R >64R 16R 256R 4R 16S 5128 2S 28 1S
MGA44-7 >]6R 128R 8S >8R 16R 4R 1S 8R 256R 4R 8S 256S 28 28 2S
ELS8-4 >]16R 128R 8S >8R 32R 2S 32R 4R 256R 0.032S 16S 256S 28 1S 2S
NM15-4 >16R 64R 8S >8R 16R 8R 1S 16R 256R 2S 32S 2568 28 28 28
HS5302 >]6R 64R 64R >8R 2S 16R 64R  0.125S 16S  0.5S 16S  128S 0.5S 0.5S 0.25S
WZ21-1 >16R 128R 64R 1S 1S 0.5S 16R  0.125S 32S 0.5S 64R  128S 0.5S 0.5S 0.25S
NM31-3 >16R 32R 64R 8R 0.5S 8R 0.5 0.25S 32S 0.5S 16S  64S 0.5S 0.5S 0.5S
QH9-5 16R 16S 4S >8R 16R 28 1S 16R 128S 1S 8S 128S 1S 2S 28
DM7-2 >16R 32R 64R 4R 1S 2S 1S 0.125S 32S  0.5S 16S  64S 0.5S 0.5S 0.5S
XM26-4 >]6R 128R 64R 2S 1S 2S 32R 0.125S 32S 1S 32S 648 0.5S 0.25S 0.5S
YM11-6 >]6R 64R 64R &R 0.5S 1S 1S 0.125S 32S 1S 16S  64S 0.5S 0.25S 0.25S
YM39-2 >16R 64R 64R 8R 2S  2S 0.5S 0.125S 8S 1S 16S  64S 1S 0.25S 0.1258S
QH29-4 >]6R 64R 64R 0.25S 1S 2S 0.5S 0.125S 32S 1S 16S  128S 1S 0.5S 0.25S
XJ76305 >16R 128R 64R 2S 2S 2S 0.5S 0.125S 64S IS 32S 2568 0.5S 0.5S 0.5S
WZ34-2 >l6R 16S 64R 2S 1S 1S 0.5S 0.125S 8S 0.5S 16S  64S 1S 0.5S  0.064S

R: resistant; S: susceptible. GEN: Gentamycin, KANA: Kanamycin, STR:

Erythromycin, CHL: Chloramphenicol, TRI: Trimethoprim, RIF: Rifamycin.

2.2
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Strptomycin, NEO: Neomycin, TET: Tetracycline, CLI:
Clindamycin, AMP: Ampicillin, VAN: Vancomycin, QUI: Quinupristin-dalfopristin, LINE: Linezolid, CIP: Ciprofloxcin, ERY:
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Positive: Associated with resistance genes exist in the resistant strains; Negative: Associated with resistance genes absence in the
resistant strains.
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Genes FAM000296 and FAMO005768 nucleotide sequence comparison.
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Genome-wide association study on the antibiotic resistance of
Enterococcus faecalisisolated from natural fer mented food

Yaru Sun, Weicheng Li, Zhongjie Yu, Xu Wang, Min Li, Jiao Wang, Heping Zhang,
Zhi Zhong

Key Laboratory of Dairy Biotechnology and Engineering, Ministry of Education; Key Laboratory of Dairy Products Processing,
Ministry of Agriculture and Rural Affairs, Inner Mongolia Agricultural University, Hohhot 010018, Inner Mongolia
Autonomous Region, China

Abstract: [Objective] To find out the antibiotic resistance of 15 (1 B-lactam and 14 non-B-lactams) antibiotics and
potential antibiotic resistance genes of Enterococcus faecalis, isolated from natural fermented food. [Methods] The
antibiotic resistance of Enterococcus faecalis was detected with 15 antibiotics by micro broth dilution method.
Then the genome-wide association study was applied to find the potential antibiotic resistance genes of
Enterococcus faecalis by Scoary. [Results] This study showed that the 16 strains of Enterococcus faecalis were
100% sensitive to kanamycin, vancomycin, linezolid and erythromycin, but 100% resistant to clindamycin. In
addition, the different degrees of antibiotic resistance to other antibiotics were showed in Enterococcus faecalis.
The genome-wide association study found 9 potential antibiotic resistance genes, which were significantly
correlated with 5 antibiotics (chloramphenicol, ciprofloxacin, trimethoprim, neomycin and tetracycline). Genes,
including FAM000296 and FAMO005768, were related to the resistance of chloramphenicol, trimethoprim and
ciprofloxacin. FAMO000296 and FAMO005768 were both annotated as SecG, while compared to FAM000296,
FAMO005768 lost 21 bases at the 3 end. [Conclusion] Enterococcus faecalis isolated from natural fermented
products is resistant to many antibiotics and carries potentially antibiotic resistant genes in its genome. Therefore, a
comprehensive safety of Enterococcus faecalis should be assessed before application.

Keywords: Enterococcus faecalis, antibiotics resistance, genome-wide association study, fermented food
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