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Comparison of the virulence genes of Enterococcus faecalisisolated
from different environments
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Abstract: [Background] Enterococcus faecalis, as an important lactic acid bacteria, is widely used
in dairy products and pharmacy. However, many E. faecalis isolates are opportunistic pathogen. So it
is important to analyze of virulence genes in E. faecalis. [Objective] To study the virulence genes of
E. faecalis from different environments and evaluate the safety of E. faecalis isolated from naturally
fermented dairy products. [Methods] Comparative genomic analysis was used to determine the

Foundation item: National Natural Science Foundation of China (31601451)

*Corresponding author: Tel: 86-471-4308703; E-mail: imul50zhongzhi@163.com
Received: January 10, 2018; Accepted: June 12, 2018; Published online (www.cnki.net): June 26, 2018
E&WB: (31601451)

*BIE1EE: Tel 86-471-4308703 E-mail imul50zhongzhi@163.com

WisHEA: 2018-01-10 #E=HHA: 2018-06-12 ML E %4 HEA(www.cnkinet): 2018-06-26



2696 A 2 A Microbiol. China

virulence genes of 107 strains isolated from dairy products, blood, urine, feces and water. Principal
component analysis (PCA) was used to compare the virulence genes of different isolates. The
habitat-specific virulence genes were screened by Pearson’s chi-squared test. [Results] A total of
88 virulence genes were identified in 107 genomes of E. faecalis isolates. These virulence genes
were mainly involved in adhesion. There was no significant difference in the number of virulence
genes between dairy isolates and the other isolates. [Conclusion] The results indicated that the E.
faecalisisolated from dairy products were also at risk of pathogenicity. The safety of E. faecalis must
be evaluated before using in the food industry.

Keywords: Enterococcus faecalis, Virulence genes, Dairy products
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1 EBREEKRER
Table 1 List of the Enterococcus faecalis strains analyzed in this study

NCBI

Isolates Origin Sequencing technology Genome coverage NCBI accession No.
V583 Blood = = AE016830.1
MA1 Blood Illumina HiSeq 834.0x ANMP00000000.1
R712 Blood I[llumina 67.4x% ADDQ00000000.1
S613 Blood I[llumina 71.3x ADDP00000000.1
TX0012 Blood Illumina 76.2x AECD00000000.1
TX0017 Blood Illumina 81.3x AEBP00000000.1
TX0102 Blood Illumina 76.8x AEBD00000000.1
TX0031 Blood Illumina 76.1x AEBF00000000.1
DAPTO 516 Blood Illumina 71.1x AEBS00000000.1
18297 Blood Illumina 216.0x AIIS00000000.1
B1290 Blood [llumina 136.0x AIJH00000000.1
B1327 Blood [llumina 134.0x A1J100000000.1
B1376 Blood [llumina 131.0x A1JJ00000000.1
SF21521 Blood [llumina 300.0% AJEP00000000.1
RM3817 Blood [llumina 150.0x AJEV00000000.1
B1005 Blood [llumina 284.0x AIPS00000000.1
B1138 Blood [llumina 291.0% AIPT00000000.1
B1249 Blood Illumina 318.0% AIPU00000000.1
B1851 Blood [llumina 126.0x AIQG00000000.1
B1921 Blood Illumina 153.0% AIQI00000000.1
B2277 Blood Illumina 268.0% AIQO000000000.1
B2670 Blood Illumina 149.0x AIQU00000000.1
B2685 Blood I[llumina 149.0x AIQV00000000.1
B2687 Blood I[llumina 149.0x AIQW00000000.1
B2802 Blood I[llumina 271.0x AIQX00000000.1
B2813 Blood I[llumina 155.0% AIQY00000000.1
B2864 Blood I[llumina 301.0x AIQZ00000000.1
NGS-ED-1009 Blood I[llumina 222.0x JPWN00000000.1
MMH5%4 Blood Illumina 500.0x AOPW00000000.1
DM7-2" Dairy Illumina HiSeq 175.9% MSQG00000000
ELS8-4 Dairy Illumina HiSeq 197.8% MSQH00000000
HS5152" Dairy Illumina HiSeq 247.0x MSQI00000000
HS5302" Dairy Illumina HiSeq 219.0x MSQJ00000000
MGA44-7" Dairy Illumina HiSeq 225.1x MSQK00000000
NM15-4" Dairy [llumina HiSeq 206.1x MSQL00000000
NM31-3" Dairy [llumina HiSeq 230.2x MSQMO00000000
QH29-4" Dairy [llumina HiSeq 220.7% MSQNO00000000
QH9-5° Dairy Illumina HiSeq 219.3x MSQO00000000
wz21-1" Dairy [llumina HiSeq 216.7x MSQP00000000
Wz34-2" Dairy [llumina HiSeq 189.1x MSQQ00000000
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( D

XJ76305" Dairy [llumina HiSeq 222.5% MSQR00000000
XM26-4 Dairy [llumina HiSeq 201.3% MSQS00000000
YM11-6" Dairy [llumina HiSeq 189.5% MSQT00000000
YM39-2° Dairy [llumina HiSeq 194.2x MSQU00000000
F1 Dairy [llumina 292.0% ASDL00000000.1
SS-7 Dairy Illumina 151.0x ASDMO00000000.1
ATCC 6055 Dairy Illumina 217.0x ASDZ00000000.1
LD33 Dairy Illumina 328.0x CP014949.1
L9 gut Illumina HiSeq 310.0% CP018004.1
L12 Gut Illumina HiSeq 250.0x CP018102.1
E1Sol Gut 454 41.6% ACAQ00000000.1
PCI.1 Gut 454 30.0% ADKN00000000.1
Symbioflor 1 Gut - - HF558530.1
DORA_14 Gut Illumina HiSeq 255.0% AZ1.Y00000000.1
TX1302 Gut 454 83.4x AEBK00000000.1
7330082-2 Gut Illumina 127.0x AITW00000000.1
7330112-3 Gut Illumina 250.0% AIIX00000000.1
7330245-2 Gut Illumina 122.0x AITY00000000.1
7330257-1 Gut Illumina 267.0x ATIZ00000000.1
7430821-4 Gut [llumina 250.0x AI1JG00000000.1
HEF39 Gut [llumina 143.0x AISB00000000.1
T16 Gut Illumina 152.0% AJEI00000000.1
T21 Gut Illumina 142.0x AJEQ00000000.1
P9-1 Gut Illumina 62.0x LKGS00000000.1
Enfs51 Gut [llumina 378.0x MIJEK00000000.1
Enfs85 Gut Illumina 297.0% MIBV00000000.1
P.En250 Gut Illumina 396.0x MIBZ00000000.1
DBHI18 Gut Illumina 50.0% LSFS00000000.1
TX1467 Gut Illumina 241.1x AFBS00000000.1
TX1346 Gut [llumina 76.9x% AEBI00000000.1
TX2137 Gut Illumina 71.7% AEBQ00000000.1
TX4244 Gut Illumina 87.3x AEBH00000000.1
X98 Gut 454 33.7% ACAW00000000.1
D32 Gut - - CP003726.1
ATCC 29200 Urine [llumina 134.0% ACHK00000000.1
HH22 Urine Illumina 291.0% ACIX00000000.1
HS0914 Urine Illumina HiSeq 102.0x JPDQ00000000.1
T14 Urine Illumina 141.0x AJBE00000000.1
T13 Urine 454 283.0x AJEJ00000000.1
T3 Urine 454 39.4x ACAF00000000.1
EnGen0311 Urine 454 53.5% AEBZ00000000.1
ERV81 Urine Illumina 75.0% ALZW00000000.1

(
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( 1)
ERVS85 Urine [llumina 79.0x ALZX00000000.1
ERV93 Urine [llumina 80.0x ALZY00000000.1
SF24397 Urine [llumina 123.0x AJAW00000000.1
V587 Urine [llumina 147.0% AJBB00000000.1
SF28073 Urine [llumina 155.0% AJBC00000000.1
WH257 Urine [llumina 148.0x AJBG00000000.1
SF19 Urine [llumina 119.0x AJBH00000000.1
WH571 Urine [llumina 140.0x AJBJ00000000.1
TX0635 Urine [llumina 144.0x AJEF00000000.1
CH136 Urine [llumina 265.0x AJEH00000000.1
SF24396 Urine [llumina 146.0x AJEMO00000000.1
LRS29212 Urine [llumina 500.0x JPTY00000000.1
F165 Urine [llumina 74.0x MBRC00000000.1
AZ19 Water [llumina HiSeq 100.0x AYLU00000000.1
FL2 Water [llumina HiSeq 100.0% AYKK00000000.1
GA2 Water [llumina HiSeq 100.0x AYKL00000000.1
GAN13 Water [llumina HiSeq 100.0x AYLV00000000.1
KS19 Water [llumina HiSeq 100.0x AYNDO00000000.1
MD6 Water Illumina HiSeq 100.0x AYLN00000000.1
MN16 Water [llumina HiSeq 100.0% AYKMO00000000.1
MTmid8 Water [llumina HiSeq 100.0x AYKU00000000.1
MTUP9 Water [llumina HiSeq 100.0x AY0J00000000.1
NJ44 Water [llumina HiSeq 100.0x AYOKO00000000.1
NY9 Water [llumina HiSeq 100.0% AYOL00000000.1
AMBO05 Water [llumina 2.7x CP015998.1
*
Note: *: Isolated from naturally fermented dairy products.
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A 107 19 2
17.8% 19 16
84.2%
[15]
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107 88 Esp
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Enterococcus faecalis B1005 ( ) Enterococcus
faecalis B2687 ( )  Enterococcus faecalis Esp
B2802 ( ) 54
. [19]
Enterococcus faecalisNM31-3 ( ) Enterococcus
faecalisYM11-6 ( ) Enterococcus faecalis AMBO05
( )  Enterococcus faecalis FL2 ( ) ebp
Enterococcus faecalis P9-1 ebpA ebpB  ebpC
32 el ebp
[20]
x2 BHEESEER
Table 2 Categorize information of virulence genes
Coding gene function Virulence genes name
Adhesins ace, ebpA/ebpB/ebpC, efaA, EFD32-0899, OG1RF-10869, EFD32-0908, OG1RF-10870/OG1RF-10871,
ecbA, EF2347, lap, ssaB, pavA, EFD32-0900, cnm, asal, prgB/ascl0, EF0149, dItA, tig/ropA
Capsule STER-1222, rfbB-1, capE/capD/cap8F/capP, galE, SGO 1723, manA, cpsG/cpsE/cpsD/cpsl/cpsl/cpsC/
CpsAT/cps2K/cps2T, ABTJ-03752, whfV/wevB, BCE-5394, SSP0063
Cytolysin cylM, cylB, cyll, cylA
Protease gelE, EFD32-2606, EF3023, OG1RF-12303, EF0818, OGIRF-10550, EFD32-0629, IplA1, htrA/degP,

eno, lisK/bsh, plr/gapA, fsrC, sigA/rpoV, tuf, katA

Surface protein groEL, bopD, EFD32-0765, esp, sugC, ctpV, CT396, srt2/srtl/beel/bee3, clpC, clpE, fssl/fss2/fss3,
EF0485

VFDB o
65/”
Note: Virulence genes were classified according to the effects of the expressed proteins provided by VFDB database on the pathogenicity of

[TRIN

the strains, “,”: Virulence genes encoding different proteins, “/”: Virulence genes encoding similar proteins.
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Table 3 Copy number of virulence genes

capE/cap8E/capD  wbfV/wcvB

Virulence Copy Number of
2] e Origin number strains
EF0485 Blood 2 3/29, 10.3%
221 Urine 2 321, 14.3%
esp Blood 2 2/29, 6.9%
(Lantibiotics)™! _ ’ 220, 6%
Dairy >3 1/19, 5.3%
Urine 2 2/21,9.5%
Gut 2 2/26,7.7%
[24]
>3 1/26, 3.8%
2] galE Blood 2 21/29, 72.4%
gelE Dairy 2 4/19,21.1%
Water 2 1/12, 8.3%
Urine 2 13/21, 61.9%
gelE Gut 2 15/26, 57.7%
fss2 Blood 2 17/29, 58.6%
>3 1/29, 3.4%
SprE Dairy 2 14/19, 73.7%
[26] Water 2 4/12, 33.3%
Urine 2 6/21,28.6%
Gut 2 16/26, 61.5%
fssl Dairy 2 3/19, 15.8%
22 BRI Water 2 1/12, 8.3%
Gut 2 1/26, 3.8%
>3 1/26, 3.8%
EF3023 Dairy 2 1/19, 5.3%
bsh Gut 2 2/26,7.7%
88 fss3 Urine 2 2/21,9.5%
11 cpsAl Gut 7 1/26,3.8%
3 IplA1 Blood 2 1/29, 3.4%
esp fss2 ditA Blood 2 129, 3.4%
galE
2.3 FHEREEEEHZWIE
esp fs2
galE 6
1
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Figure 1 Distribution of virulence factor in the genome
0 1 .

. A: Enterococcus faecalis V583; B: Enterococcus faecalis L9; C: Enterococcus faecalis Symbioflor 1; D:
Enterococcus faecalis LD33; E: Enterococcus faecalis L12; F: Enterococcus faecalis D32.
Note: The abscissa indicates the genomic location of the strain, and the ordinate indicates the number of virulence genes present in the
position of the Enterococcus faecalis genome, that is, the density of virulence genes at this position. A: Enterococcus faecalis V583; B:
Enterococcus faecalis L9; C: Enterococcus faecalis Symbioflor 1; D: Enterococcus faecalis LD33; E: Enterococcus faecalis L12; F:
Enterococcus faecalis D32.
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Figure 2 Phylogenetic tree with common virulence genes

Note: Red: Blood isolates; Blue: Dairy products isolates; Green: Urine isolates; Yellow: Gut isolates; Black: Water isolates; Scaleplate:
Genetic distance between different strains.
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Table 4 Identification of environment-specific virulence genes
Virulence genes Origin Function Detection rate (Total) (%) Detection rate (Single) (%)
esp Blood Enterococcal surface protein 39/107 35.8 20/29 69.0
EF0485 Blood Aggregation substance (AS) 39/107 35.8 22/29 75.9
ssaB Blood Manganese/Zinc ABC transporter 51/107 47.7 25/29 86.2
substrate-binding lipoproteinprecursor
wbfV/wcvB Dairy Capsular polysaccharide 13/107 12.1 6/19 31.6
Srt2 Dairy Biofilm enhancer in enterococci 2/107 1.9 2/19 10.5
srtl Dairy Biofilm enhancer in enterococci 2/107 1.9 2/19 10.5
bee3 Dairy Biofilm enhancer in enterococci 2/107 1.9 2/19 10.5
beel Dairy Biofilm enhancer in enterococci 2/107 1.9 2/19 10.5
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