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Isolation, identification, physiological characterization, and
complete genome analysis of a sheep-derived
Enterococcus faecalis strain
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Abstract: [Background] The probiotic and pathogenic properties of Enterococcus faecalis are
strain-specific, and probing into the physiological characteristics and genomic features is of
great significance for evaluating the application value of E. faecalis. [Objective] To investigate
the physiological characteristics and genomic features of a strain of E. faecalis isolated from the
intestine of Large-Tailed Han sheep. [Methods] The strain was isolated by anaerobic culture in
the modified GAM medium and identified by 16S rRNA gene sequencing. Its physiological
characteristics were analyzed through growth and acid production curves. The genomic
sequence of this strain was obtained by Illumina and PacBio high-throughput sequencing, which
was followed by sequence assembly and analysis by bioinformatics tools. Additionally, the
antibiotic resistance of this strain was examined. [Results] A non-spore- forming, gram-positive
coccus was successfully isolated and identified as E. faecalis based on 16S rRNA gene
sequencing results. The strain entered the logarithmic phase at the time point of 2 h, reached its
growth peak at the time point of 6 h, and exhibited acid production from the early stage of the
experiment. The genome of the strain consisted of one circular chromosome and two circular
plasmids, with a total length of 2 992 873 bp, G+C content of 37.26%, and 2 810 genes.
Functional analysis indicated that the genes were primarily involved in key biological processes,
such as carbohydrate transport and metabolism, translation, ribosome structure and biogenesis,
and transcription. The genome contained five genomic islands, three prophages, and six

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3204 (YIS Gk Microbiol. China

CRISPR/Cas systems, which played significant roles in the adaptive evolution of the strain.
Additionally, gene clusters related to the synthesis of secondary metabolites were identified,
closely associated with the production of antimicrobial substances. The strain carried 413 genes,
which can reduce its virulence by interfering with the expression of resistance and pathogenic
genes, thereby inhibiting its pathogenicity. Antimicrobial susceptibility test results showed that
the strain was highly sensitive to ampicillin, piperacillin, and penicillin, moderately sensitive to
streptomycin and erythromycin, and resistant to cefalexin and cefuroxime sodium. [Conclusion]
We successfully isolated a sheep-derived strain E. faecalis LTHS1, whose genome was rich in
metabolism-related genes. This strain can aid in the digestion and absorption of nutrients in the
animal gut and exert antimicrobial effects through secondary metabolites. These findings
provide a theoretical basis for the research and application of this strain in microbiology,
medicine, and animal husbandry.

Keywords: sheep; Enterococcus faecalis; isolation and identification; physiological characteristics;

genome characteristics

W 3B A R A TR AR Sh Y e N Y — 28
B ES RGE XL E M 51 AT
TUVHAEFR , X A0 R R IR A 5 R
TR I8 FE RS 5 E IR R
TR, S RE R B IR, 85 2Rk
I A A BEUIAE G, QnAERE L BE IR | O Il AR
o5 LA B A 2R A A5

Ji7 K 7 J& (Enterococcus) J2: — 285 #L  f o >
CCPHYE | etk IR Ak, fE AR5 iE N
i AEAE o BRI R b 2RI EOR N, &
i BRI TR R —M AT 5 R IR
Yy WIAE . BEREIERGY . FEEE . O ER L
NGBS L, SR, IR A —
Mts = BRI, ENTRESH Z H R
FABES | Jf BB TS0 T8, 1 98 S R . A,
WA ER AR BEVE 19 AR BTy, PRI EE, TR .C
AR 5 3 AT L3 ek e 6 17 1 e i R 1 s 0 A
E W) A T,

F BRI (Enterococcus faecalis)fE A 7 EK
J& B — 01, gk AR RO A H A TR R R
SRR R TR R R Y 25 A R AT REAFAE 22 5%, i
HEURER S HAEYBIE L. ) 13R85
RIZ UM, I, X REE 28 1 B R iR 1Y
AEPRRE RGBT, A BT amirih

Foas A=A A o S AR S0 AR DY 4 2
SYBTAHZE G, R LATHER T4l 2 Bk ¥ T
wAE A e, S adh L B2 BN S
A ) o FH PR BB A AR o AN 5T TR A
FEALAL, WSRO R B AR, JF
PEAT AR B E A TR A A, TR AR
fnal P A FAAILA ,  LUIDI A 26 i BR BT ) A B
PSR SCHF

1 MR5r%

1.1 &

KA R 24 H IR R IEE R B IEF
AN EY) . A EERRT A L A 20K,
Sl S 25 ) e TS 2 e PR D1 S 4L (e v
e RI[2022]24 ),

1.2 EHE. FTELFIMNE

MR GAM 55758, i A Y R A R
5H] G PBS I, LR R AR A TR A
B QPR S 25 R, W E e 2 A YRR A
PR ZHpE L 2H DNA $2BUR7 &, KAk
BT AL ) A R F o BB DHLURE F B0
ML, BRGNS AR AR St EIE B
Be, ARSI ERRAE]; ERiEEE, Harm
AR NF

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



HIZEH] &5 | —ARINFHFEMERBE K > B e . BB & e N 4L Hr 3205

1.3 E#HHNE. dURESEELERE

80 CHRIFNEY), MG 1%3%Fh it
A E 1 mL B GAM 35353, 37 oCi#pg 8
3% 24 h; BEEHEHIET 10 RV RER 1086
B2, A5 10 uL A B6 R TR B, YA TRAT T [
AR GAM FHz, 37 °CIEIR % % 2448 h J5 M
FERVE AR SJa PR B AR, R [ A ]
IREE SR TR alifl, RAFLiL I g5
(SHIRFF

Wi fb iR bR 2 g 2 [RGB )5, R PO
BB WAL (100)WEIE SRR, Jf Hagt
i SR U — 2 I AN IE S
1.4 BE# S1 EKEHRNE
1.4.1 HHZHINE

DL 1%3 AP #Rk ST 3R Tk B GAM 85
AL, FEAPAE R AR R O A BRER K R S X
W, A4 3 ANEE . 37 °CHEFE, LARHEI(h) A
AeFR, ODgoo (E RMINAEHR, 224 36 h A4 4k .
1.42 FERRRZRNE

DL 0.4% Rl bk S1 2R Tt B GAM
BRI A R AR R 0 e A BER K R 2 R
W, g4 3 ANES ., 37 °CHEFR, LA (h)
Asbr, pH(ERAEAR, 234 36 h F= 2k .
1.5 16S rRNA E£FXF

Fie PR 20 B i R 2H DNA $2BGR 7 & 156 1 1542
HUE PR ST 1) DNA, 2R 16S rRNA & 1938
519 27F (5-AGAGTTTGATCMTGGCTCAG-3')
Ml 1492R (5-CGGTTACCTTGTTACGACTT-3")
4T PCR ¥ 1%, PCR AR ZR(50 pl): L5149
(10 pmol/L) 2 uL, Fi#5I4)(10 pmol/L) 2 pL, ik
DNA 1 pL, 2xHieff™™ PCR Master Mix 25 puL,
ddH,0 20 uL. PCR W 251 : 94 °C 5 min; 94 °C
30s, 56.1°C30s, 72°C30s, 35 MiEE; 72 °C
10 min; 4 °CLRAF . FEAS I B B b BE I R
TKEARFELT 04T, PN GHERIEAE TAY T
T2 (L) B3 A PR 2 /132547 DNA 341030 22 o
JP 455 BioEdit #f4%, Jf4F NCBI #E47 LX)
5T

1.6 E#k S1 EFEERNFF
ot

5K H de novo MJFHARXS Hlumina Fl
PacBio A BRI TAL I, 76 P34 Q-score>20
1Y reads F T /5255387, FIH Unicycler v0.4.8 X
reads #AT41%¢, FfaEad pilon v1.22 A4 TTF
GIAZIE , W PRI R A B b o 5 R 2 P
FIH Circos!" 1 (R4
1.7 £MERFESH
1.7.1 Btk S1 EREFUNATIEEEFE

KM Z 4 EYE R THITFE K S1 4
K AT RGEfR AT . SER S rp, R
% 5 7 %) H1 Prodigal v2.6.30 151, Jiokr 5k A
i it GeneMarkS!' il , tRNAScan-SE v2.0
1 Barrnap 73 91 5¢ i tRNA! T rRNAM I8,
IIfETERE 4 DIAMOND . HMMER Al BLASTp
TR A R EE T A R A BT 5 B T
(non-redundant protein sequence database, NR).
Swiss-Prot ., 5 F FiZ % (protein families, Pfam) .
[7] J5 & H 7 (clusters of orthologous groups of
proteins, COG) . £:K {418 (gene ontology, GO).
fi 7K Ak G W 1 1 Tl 24 5 (carbohydrate-active
enZYmes database, CAZy) X UL SRR H H
B4+ (Kyoto encyclopedia of genes and genomes,
KEGG)HHE R, RGIFRE I BIIRE 2 500
AT o GRS Y B R TR S
antiSMASH" - 5 VR A28 , 45 & PR SF S5t 5%
BT R[] 5 35 PR 82 Lk, IS AR BT I PR T )
A=W MR AR , Ay L B ke 35 1 R AIE 5 AR R
S HEILR
1.7.2 B S1 ARG LFXARDH

FT PR S1 Y 16S rRNA FEF 1 31 NEFK
SRS, ik S HOR S OC R It iy 20 Sk
3. FIH MEGA 6.0 #k {1 3k 4% 45 42
(neighbor-joining, N)EMERZ LB W, HihZ
BRI RGNV
1.7.3 Btk S1 BRI #zh 7T 4 T FA 43 4

R ST AYSEINZLE) | FifWER{AH] CRISPR/Cas
439 IslandViewer™ . Phage Finder™ 11 Minced

R AR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3206 (GRS L

Microbiol. China

HEATF
1.7.4 E#k S1 LS
ok ZE AR bR R b s A R R

(comprehensive antibiotic resistance database,
CARD)™/FI ResFinder %4577 414 Zifif
2y KL a3 B o R R T g T T 8l

(virulence factors of pathogenic bacteria database,

VFDB) 1 4% Ji - 75 & #H & H (pathogen-host
interactions, PHD)SEESEA 775 J1 3L F 4007 o 783
P FI LA, S8En T 5 BEA
KT 80%3% 60%, VLELHRTER 80%LL I, [FIAf E
HAE 1x10° JE RN .
1.8 ZHEALe

KA R BR Y BOL AL R A S1 Xt
20 A R A EURYE, AFEEER . SLMR@E
W WA WRER . AL L flRE . mERR) . T
B RN EE G ) s BEKRE . KRR .
PUIREL(UIFE ., mNER), 45K, Kl
FAMHIE AR A ) ; K2 (MR A ) ;
ZKWHE B (TR IIRE) . 258045 HE
W 27 CHik[24].
1.9 Zitoth

BT AT B8 B Excel 2021 #E/TRPH | 71k .
i J] SPSS 27.0 #EATECHEGE T M. M
GraphPad 9.0 il Origin 2024 717K 21 .

2 HERE4M

21 ESFEELER

o ERSE, W S1 WIKERIE, £
R, AP B85 —3, BIKE AR E IR
PE(E 1A). B2 Y Bk, ] L ik 28 6k
B (E1B), FfH B BN, %R 2 E R
SRS, TCiEshfig ), EFFH(E 10). X
BBRRE 55 2 i Bk 1 — 3
2.2 B S1 BVEKEMHNESLS
221 H$KHZENESER

WE 2 Fizs, Witk S1 A K ahZ i R T HAE
AFEIEFE BB AR S . TR FRPII0-2 h),
PR S1 FEAFai W, BUB B bR A A= 4

RN, Bif5, #£2-6 h, Wtk ST #EA XL
ARH, RN RO KA, X —BrBem bk
AR E P, 7E 6-12h, Tk S1 4K
PEAFSER], HAX A KRR 2218 . A
12 h B ODgoo fELZ T RE, RUIF L S1
EAEATIR,

1 SEERNESSBMEE A FHRbE
wIEA; B 2[R OER C: RS
Figure 1 Morphological and ultrastructure of the
isolated strain. A: Colony morphology on the tablet;
B: Gram staining results; C: Scanning electron
microscopy results.
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Figure 2 Growth curve of strain S1.
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Figure 3  Acid production profile of strain S1.
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A: RNA processing and modification
B: Chromatin structure and dynamics
C: Energy production and conversion
[0 D: Cell eycle control, cell division, chromosome partitioning
M E: Amino acid transport and metabolism
B F: Nucleotide transport and metabolism
I G: Carbohydrate transport and metabolism
H: Coenzyme transport and metabolism
I I: Lipid transport and metabolism
J: Translation, ribosomal structure and biogenesis
K: Transcription
L: Replication, recombination and repair
M: Cell wall/Membrane/Envelope biogenesis
N: Cell motility
O: Posttranslational modification, protein turnover, chaperones
M P: Inorganic ion transport and metabolism
B Q: Secondary metabolites biosynthesis, transport and catabolism
R: General function prediction only
S: Function unknown
T: Signal transduction mechanisms
U: Intracellular trafficking, secretion, and vesicular transport
M V: Defense mechanisms
B W: Extracellular structures
M X: Mobilome: prophages, transposons
B Y: Nuclear structure
W Z: Cytoskeleton
W 165 rRNA
I 23S_rRNA
W 55_rRNA
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Figure 4 Genomic circular map of strain S1. A: Chromosome; B: Various functional categories of
COGs; C and D: Plasmids. The outermost ring of the circular diagram illustrates the size of the genome,
while the second and third rings depict the coding gene on the positive and negative strands, respectively,
using different colors to denote different functional categories of COGs. The fourth ring marks the locations

of rRNA and tRNA, the fifth ring shows the G+C content, and the innermost ring displays the G+C-skew
value.
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A Phylogenetic tree of 16S rRNA genes
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Figure 5 Phylogenetic tree of strain S1 constructed based on 16S rRNA gene (A) and core genome (B). The
scale bars represent the units of genetic distance, while the numbers on branches indicate bootstrap

confidence values derived from 1 000 repeated sampling tests, the numbers in parentheses represent the
GenBank accession numbers of each strain.
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Table 1  Annotation counts of the strain S1
genome in various databases

B e R e Ko =Rl

Types of database Gene number Percentage (%)

NR 2 804 99.79

Swiss-Prot 2072 73.74

Pfam 2385 84.88

COG 2225 79.18

GO 1 744 62.06

CAZy 91 3.24

KEGG 1995 71.00

ATP 454 IREFEIN e 326 (253, 9%), Hikke

DNA #5484 (177, 6.3%) . 4@ B 1 454 (121,
4.31%) . JKfEEEIGTES9, 3.17%) . ATP K i ik Pk
(89, 3.17%). B5IRHLIEE (TG (82, 2.92%) . #%
TEH 1% P (68, 2.42%) 1 DNA 4545 5 i Pk
(68, 2.42%).

350 ¢

300 r

264

250 r

200 -

150 -

Number of genes

100

50

2 1

CDEFGHIJKLMNOPQRSTUVWXZ
COG type

6 Bk S1 EEER COG EEFRER

it CAZy Bl e A A3, Wbk S1 3t
91 LB TR AL A P0G TR (5] 8), XLt
SRS R U R T 2R, S 6
BV EALIE R RE N L 17 K AL A BRI A
46 MEH K fREEIEDN . 21 R FERS LN
DI 1 AW R LN X BN K rh , b
7K AR it R T RO B 8 Tl R EE 91 S5 v, 430l
} 50.55%7F1 23.08%.

WA HrX eI R R IG , FAT] A& 8RR #k
S1 FEH A & T — & 51 5 %2l g A5 5 A
(£ 2), ENHEAEY R A3 A AT sk
FIVERT . Horb, BBk ST HEAE THEME S UL T I
Mt LA, 3 Sufi g T GH18 #il GH23 G, A=
YIRS 0 LT o il B S BAE A o i — 20 40 bt
KI5 ARRME i 25 V) SCHR By il L R 20k A
GHI8 K%, BLAh, WkRiAH — RGeS/ Ik

B C: Energy production and conversion
W D: Cell cycle control, cell division, chromosome partitioning
B E: Amino acid transport and metabolism
B F: Nucleotide transport and metabolism
G: Carbohydrate transport and metabolism
M H: Coenzyme transport and metabolism
I: Lipid transport and metabolism
M J: Translation, ribosomal structure and biogenesis
M K: Transcription
L: Replication, recombination and repair
B M: Cell wall/Membrane/Envelope biogenesis
B N: Cell motility
M O: Posttranslational modification, protein turnover, chaperones
M P: Inorganic ion transport and metabolism
1 Q: Secondary metabolites biosynthesis, transport and catabolism
% R: General function prediction only
M S: Function unknown
B T: Signal transduction mechanisms
M U: Intracellular trafficking, secretion,and vesicular transport
| V: Defense mechanisms
B W: Extracellular structures
B X: Mobilome: prophages, transposons
M Z: Cytoskeleton

Figure 6 COG functional annotation results of the strain S1 genome.
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A Cell wall
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Regulation of cell shape
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templated transcription\
Phosphoenolpyruvate-
Transmembrane transport dependent sugar phosphotransferase system
Proteolysis /g
. Translation
Carbohydrate metabolic process
B Extracellular region C Structural constituent
Periplasmic space |  Dna-directed RNA of ribosome N
olymerase complex Dna-bindin Kinase activity
Atp-binding cassette (ABC) P transcr'pt'oﬁ /
i It le Large ribosomal subunit 1Pt
P e £ factor activity ATP
Ribonucleoprotein binding
complex Trans‘fe_rase
Membrane activity
Ribosome
Transmembrane
transporter N
Plasma aCtiVity . :
membrane DNA
binding

Cytoplasm

7 GO GEBSAGITHE
ST 10 4> GO 4 H .

A: EYE; B
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activity ;

Hydrolase activity Metal ion binding

MMy C: o TIIRE. BAPRE R B 2K

Figure 7 GO annotation category statistics chart. A: Biological processes; B: Cellular components; C:
Molecular functions. Each pie chart displays the TOP 10 GO terms in each main category.

RBHAUEEREY , 4 GH18., GH23. GH73 f11 CE4
KR, X R EA L 2 MR ALK+
HIRETT o I SRME AT 7T, TRARIAIRE 7 1o
KIS, BA GHI Il GH3 ZR I EERE . G
HOE MRS T B, O OCB 3% R 43 A1 78
GH18. GH23. GH25 fil GH73 SE 2%k, X
ANSUA I HH R RRAE TR P 5 2 e 1 B3 1,
T 25 Hope A Wy ) 24 25 40U i N A 5% o 7R
) 240 LR G i T, TR R (R L DGR 17 il
B, Bl SR O WEBE RS ) CE12 KGN S mEA

RBEBEEER) CE1. CE3., CE4 fl1 CE7 %k, X
A 0 R L 40 A I RE i ok R v AN T Bl i ) il
2. WAk, WIS a-TE KB GH126 A
B-H AT EE ) GH1 . GH3 Ml GH4 FGFH A ,
X SE R UE K FIOBE S 1 o0 i v e ¥ 4 QAR
o it B A seSLME B, FRATAT DAHERT
PIARAE S A A A R B T o LT .
BB AR LA KRS Z R A K+
FITERE, I X EARESS E i h g B
PIVEH o XA RN B T AR TE AL 38 5 2
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B AA: Auxiliary activities
[0 CE: Carbohydrate esterases
[ GH: Glycoside hydrolases
B GT: Glycosyl transferases
sor [] PL: Polysaccharide lyases
457
40+
5S¢
30
25+
20 +

15+

N

0 m

AA CE GH GT PL
Function class

B8 CAZy HiEELLX T H4ER
Figure 8 CAZy database alignment analysis
results.

HHLY R R BRE Sy, WIS HAE R KA
TR 7, A AT ) 20 B i
TR 5 3200 I B $ 15 3l 8 SR WOOSCR O
T P ) 168 IO FH AT 35 o
2.6.4 KEGG e fo%

KEGG il #43#r s, 1 995 N3k R T% BRAE
40 NSRRI (] 9), X EERER A 1R

+R2 EHRS1E CAZy GitER
Table 2 CAZy annotation statistics for strain S1

Number of genes

W REE ZEAEM, BB AR R
BEfn BAL R | (S BAC B . NN . TR
U MR R G55 7S K], gl ad f o
97 AL, FEE O FAZ A D0 40 R v (1)
AN KFET-(16). AbefE BALF A5 2 i
Q17 G552 ®3)FFE T FAHEAMEH). &
G BT 195 ANJEA, DIBHPESRE N 32
(90), NP 109 MEEHF W & 10 4~
W, Hrhyufh: Y25 25 28 H (43) .
BRI N %, 15 15824, Bt
WA 2 AR RG] 3R 25 9 5
W(14) ., HEZO)FTHL RS ()M, XEERGXT
A YRR S IR BT A Y e 2L
2.6.5 RENKHPEHERST T

FRE ST ZEQ IR A 3 N IRGAR I3
e, BRI EZR . RiPP HRBIICIEFIER N
fis AW, K, FHZHRUERNEERE
(38 1), EEAAEMASLRIR T ER . B
P& sl . ATP 2558 H . 3-FRHEMEIE-ACP i
KR FabZ ., ZERR MR T LB M L WERGTE A
A BV REB A AL
2.7 Btk S1 ATREhTE

TEAN B FRLL AL DA b, Rl W B AR 1
JEyhaE A B S, BT E RN R

KA W3 1 il 5 R FEREL DR 5% 1 (B RO

Carbohydrate-active Number Gene subfamily (number of genes)

enzyme family of genes

i B S Ak i 6 AA3 (2), AAG6 (1), AAT (1), AA10 (2)

Auxiliary activities, AA

KAk A ) i il 17 CEl (7), CE3 (1), CE4 (1), CE7 (2), CE9 (2), CE10 (3), CE12 (1)

Carbohydrate esterases, CE

BE 7K A Bt 46 GHI1 (8), GH2 (1), GH3 (1), GH4 (1), GH13_20 (1), GH13_31 (3), GHI18

Glycoside hydrolases, GH (2), GH20 (1), GH23 (3), GH25 (1), GH32 (1), GH35 (2), GH38 (1), GH63 (1),
GH65 (2), GH73 (2), GH88 (2), GH92 (1), GH94 (1), GH101 (1), GH105 (1),
GH109 (4), GH125 (1), GH126 (1), GH136 (1), GH154 (2)

RER YA 21 GT2 (8), GT4 (3), GT8 (2), GT19 (1), GT21 (1), GT26 (2), GT27 (2),

Glycosyl transferases, GT GT28 (1), GT41 (1)

B2 YA 1 PL30 (1)

Polysaccharide lyases, PL
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Signal transduction
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Cancer: overview
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Drug resistance: antimicrobial
Drug resistance: antineoplastic
Endocrine and metabolic disease
Immune disease

Infectious disease: bacterial
Infectious disease: parasitic
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Neurodegenerative disease

Amino acid metabolism F
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Carbohydrate metabolism |
Energy metabolism f
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Nucleotide metabolism

Xenobiotics biodegradation and metabolism
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processing

“ B Human diseases
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Figure 9 KEGG database annotation results.

DNA F B, XL/ Bt & e i ohhe, Wi
251 | Bow i ok AL S P ARAE o i BhiX Fhidk
e, AR IS R st S A A A
X R, BEAS LA ) 40 1 20 A 1] % 8 33t A 1
BB DNA J7 BEebRk ol B shist oot , ixfh it
GRRFART B R

271 EFBH

WX E AR ST AFER AL B b,
EH S ANFEA S GER 3), BN R/NERTE
4.14-53.38 kb Z [1], @ IL4hS 224 PINREFLA ,
Hrfy 27 AR SOk eGP, B
A5G B IL T T il (gene 1103) . 21 it B 4t 5 26 1
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Table 3  Statistics of mobile elements in strain S1

' Rl %k izl it EE HEJFH [R5
ID o o KB W Jpase KE K
Start End Sequence Coding Number Length of Length of
position position length gene of repeat  repeat spacer
(bp) number sequence sequence  sequence
(bp) (bp)

FEH GIo1 1089725 1136791 47066 53 - - -
Genomic island (GI) GI02 154578 173666 19088 30 - - -

GI03 2397847 2451230 53383 66 - - -

G104 691636 695776 4140 7 - - -

GI05 738694 785583 46889 68 — - —
T T 1 PhO1 750790 751543 754 3 - - -
Prophage Ph02 751739 778825 27087 35 - - -

Ph03 1142336 1156444 14109 17 - - -
PR AR AT M SCEE S CRISPRI 49 822 50305 483 - 7 25 51
BHMKREA RS CRISPR2 97308 97702 394 - 5 35 55
gﬂ;ii:it:j&f?y CRISPR3 1767271 1767496 25 - 4 28 38
palindromic CRISPR4 1787097 1787209 12 - 2 31 51
repeats/CRISPR-associated CRISPRS 2784722 2784799 77 - 2 26 26
proteins (CRISPR/Cas) CRISPR6 83 801 83936 135 - 3 28 26
s %i&*}g o
—: No data.

(genel093, gene2345). ¥ B M (gene2342) AR R
FRALB(gene2351), X SERH 3 HAERR KL G YIHY
G B EACAE R R R . IS R e R
TR ST AL B Al BRI T A e n SR
WAHEM, G T 2R A B G R
A, $¢5)2& genell03 . gene2342. gene2351.

gene2352  gene2354 %5 5 5K A YA AR
IR B AAAE , ) R A P2 S A Ak 3 e 3k
RURFIE ) S84, 2 4 T N 5 e a5 2% A

2.7.3 CRISPR/Cas &%:

CRISPR/Cas FR Gt & —FP A% AL Wi 0% 3R
8, EARGRE IR IMNE DNA FHITERH AL N 3R
ik, ATRUH TSN E DNAPT, A Minced
X CRISPR/Cas #7485, i 3 A%,
Pk S1 F:HHNFETE 6 & CRISPR/Cas J¥41], H:
KEAE 77-483 bp Z [0, WG 23 MEHEIFH,
XU H B PSR 25-35 bp Z (A, 8RR 7
K EAE 26-55 bp Z 0] HHULHEWT, FEkE S1

A3 LA W AZSNIR DNA OB AR W AR A 1R 28
2.7.2  RIGREE HETAR (A B K R Y — B A X 58 3 19 JE R A

T A pr s H (R 3)BoR, Wk S1 HA 34
FIWE AR, 2K 41 950 bp, G+C & ¥ N
37.56%, 7 55 NI, Hh S5iokib A9
BT REAHOC I BE I genel103 . genel093 .
gene2342 . gene2345 & gene2351 (3L 5 1),

REBTHIAFR .
2.8 EHSIHZREM
2.8.1 MEZEMHAEER
VAR B RR ST AL R 25 3 R 1545
K A e v, A CARD
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ResFinder $5H 4 X2 R AR 19 438 00 L PR i 4 7
T RIVE SR, 25381 & B, #E ResFinder %
PR LT EE R, AR S1 A 1 AT 253,
|sa(AVKI AR ] BE S BTl 2 A AL BEER T H A W
TERIBEEVER] . T7E CARD BuE/Ed, Fefi1%k
FE 203 AN 2453 R ax Se 3 N 5 2 R AR 2k
FIA I, SR N EESE (macB) . IKZE(YybT,
CdsA, liaF, liar, liaS gshF). TS (gyrA,
efrA). UM E P K [rps), tetA (46)], LA IH
B 77 R B 85 79 (emeA) o X BETH 25 JE R ) K BE, 165
/N T AR ST AT BEXTA SCHTAE A B A Btk
XA EE R FRATTARAE T kR S1 Tt 25 A5
B8 EAR AP BE AL 8 5 ot — A R 9T ok
B
282 HFHEHR

R R G EEH R ST BIAE O KU, FRATT
i B VFDB H1 PHI %4f %2 %} S1 % R 4 S8 17
RASHT. VEDB ¥l a8 T #bE ST &5
307 AMEAE R EBORPE LA, X SERL AT T fe i
P83 4. EFMCWHT(69 LUK EHH A
Fe(27 IR T PHI B 2 B, AR
EM 575 DR LA 413 AN S5 055 B
EARR . XEEERI, R S T —
sen] G HA Eow kLA B EFFE RS TR
B PR S B LA, 1 B R AT e e HL 3
s 3ot A v A G ) AR AR
29 HYPAWER

ORI ZE BB T HiAR S1 4 — R APk
RIMBURERAEGR 4). BRI, FbE S1 X2
FVEH(AMP) . WRHLPGHAR(PIP), 7% % (PEN),
3 f R B (CPZ) . Sk wEmk (CZ) . KB & %
(KAN), K KEZ(GEN), ZHiEE B(PB).
J1#Z(DO). MIRK(TET)., KinHEMILIK
TR (VAN R I & B U . Besh, W
PRXHE R (S)FILL T R (B) B b A U . A
L2 T, BkE ST XSLE R (CN), SkimkaE4h
(CXM). kfHIFA(CTR). kAfllE(CAZ) . B
K EAMK)FIMR A 8 ZMY)R B 21

3 Wt

B 1] G002 AT FH R A% BRI, I 2 v
P ZRMR A E N 55 2 AlPY 3R T
EpE ik sh YA K SR R A,
PR BRAR A B AR P Bk B TR I R
FELRI BRI, S B B B YL 1) B R
— AT 5]k LR (I BRI A R A
R BEA —@Er s Y, Bk
BRI BE YA P A B R . g A v
Hom R HA Wk s, SHAEYBRIE R . &
N FRIFER B, HIL, AT ffy
E S IR TR PR R ) A R A L AR B, A B
TG H A AR e b AR B e 5
B35 )7 Mlumina ., PacBio I FH A, X1
BREA S1 JEASFRIE AN R Al 5451 7 4 47
R T HIEAE S RE AR KAk & e 1, Wl
WEAT T & IRl . AR R OR AR T
Enterococcus faecalis LTHS1 11 3F R 3 [ 40 %k
P, 10 ELA HAE AR A = 38 R RN A S0
BL T A TR A | 32 Rk XTI & BT
1) 2 2B BRI S DB TR IT SR B R
=Y.

AR I B AR AR S1., HIEZS
FRRIE S RIREEDI WA m Y A, 16S
rRNA FER A O IE R & B R prat St —4
WESEHOR A ER B . HILHZH 4K 2 992 873 bp,
G+C & 37.26%, & 2 810 NI, i1
FMFFTAE RO, LT BE TR
W BRTAE 1Y 25 A2 FEPE 5 R A ™ ) Aok
TR B WG PERE 2R G0 VIAH P BidR ST Bk
A=W, JF A 2200 5L R R G 1 2 S R
RRAF PSR EE 1, AT ()22 4 b i 3 A i g e
R /) 3 Do il 5 7 B (4 AKR1C1 R AKR1C3),
AU AL R P R R A B O B A
FabZ (&l 10A)F1 P4 A FRALEE p ALt
(& 10B)] AT I R A QA s FR i 4047
FLF U, HHEIN S i R B 0T 68 3E A o 45 R IR A
i SR PN RE ) | dET i R R A
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Table 4 Antibiotic susceptibility results for strain S1

BUE Y20 P E 2 A2t I B R b v WK S1 1 By Jldk
Antimicrobial Antibiotic Disk Inhibition zone diameter criteria (mm) Strain S1 susceptibility
classification content of it 24 4 3R MEBEEE Bk
antimicrobials Resistance Intermediate Sensitivity Inhibition JE&{
(pg/disk) (R) ™) S) zone Strain
diameter sensitivity
(mm)
B- PRI T K ANV 10 <13 14-17 >18 31 S
Beta-lactams Ampicillin (AMP)
S AR N 100 <17 18-20 >21 40 S
Piperacillin (PIP)
HER 10 <14 - >15 30 S
Penicillin (PEN)
KR 30 <14 15-17 >18 13 R
Cefalexin (CN)
S AR 30 <14 15-17 >18 0 R
Cefuroxime
sodium (CXM)
3K 78 R i 75 <15 16-20 >21 25 S
Cefoperazone (CPZ)
S A A 30 <13 14-20 >21 0 R
Ceftriaxone (CTR)
Al nE 30 <14 15-17 >18 0 R
Ceftazidime (CAZ)
Sk 7R e ok 30 <14 15-17 >18 20 S
Cefazolin (CZ)
FIWEH K B 30 <14 15-16 >17 12 R
Aminoglycosides Amikacin (AMK)
TR 30 <13 14-17 >18 20 S
Kanamycin (KAN)
HERE R 10 <11 12-14 >15 14 M
Streptomycin (S)
NG 10 <12 13-14 >15 15 S
Gentamicin (GEN)
NSIES AREE 15 <13 14-22 >23 22 M
Macrolides Erythromycin (E)
EA ZKHE B 300 IU <8 9-11 >12 12 S
Polymyxins Polymyxin B (PB)
MR EE R LACIEEFS 2 <14 15-20 >21 0 R
Lincomycins Lincomycin (MY)
WA S IR 30 <12 13-15 >16 35 S
Tetracycline Doxycycline (DO)
W7 30 <14 15-18 >19 34 S
Tetracycline (TET)
PUBR R /M IR KRR R 30 <14 15-18 >19 33 S
Tetracycline/ Minocycline (MI)
Quinolones
e TR 30 <14 15-16 >17 18 S
Glycopeptides Vancomycin (VAN)
—: JToHE .
—: No data.
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Figure 10  Simplified diagram of fatty acid biosynthesis'**! (A) and fatty acid cycle diagram'**! (B).
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BB —3L, id CARD MM & PUR BR
S1 &AH Z R 25 36K, H7E 3L P2k,
HXE P R B2 IR U, R
YU A M AR LS, nRESRE LR A
KBTI eAh, kR S1 AR —EEd 3 NP (n
efaA, Agg. Ace %), (Hi T 71.83%mY3E N 5%
TG HAZBC R , X SRR e PR s 40 T B
IR EOCHER , BRI TRtk S1 MEE IRk,
0 330 L6 FE R A9 R IRV O B bR ST 767 1A
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A 5T 38 A% S8R AR o B R SR A L 16S
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B 5 B Illumina 1 PacBio /518 3% K 2B ) e 5%
RUASAYNE B F 8T, T TR R 20 R
(6L A TR SV ATy SR SE A il 2 S|
FA] R Bh A, o R v e o R A HEE o
BAE o AN 98 S 0 2 A R TR R A=
) 5 PRI S5 A TR A 4 D ARG, e I RE 7 98 5 2
PRI X6 T 24 25 D] AR S0 4 i R | 3R a8 AT LA
PIHIVER o 29 M0t uEsE T itk S1 B —
FE MY 236, (HOR RIS o ARBIFGEES SR L w bk
TERUE DA | B2 & Ol 55 Sk g it 5 5 1 H
AL T BRI IEAL
& TT#R 7 A

FHZZHH « 58 B R i e % 4 356 [ 241 00 )7
AT CEWIRRERE ; B4 PRBI S BT
PRI B B A 3 5 sk FRAERORSE
ey 9kn: BhBhSE L R dIAE ;s EEREN: B ih
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