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£, REKERBIEMBIFHREEANRELE S

KA B RER REE ASE KRF ARM
(WAL SURADHA S TREERELS GRS NSy WM 010018)

 ZE.[8¢]1 A8 16S rRNA. clpX #= recA 3k FH 4 -F4ri2#F % Enterococcus faecalis.
Enterococcus faecium ZABVT AP 9] 494 & £ F % % , F i X &k A 5 7] 4 E. faecalis. E. faecium
BAREAP R ofe . (k) vAn B 484304 5 69 9 4 E. faecium #= 1 #& E. durans 4 &
A FARIT %, VA clpX F= recA £ B K B AARL, @id PCR ¥ 38, WA, 454 O et
FELF TV ME R GKFRF S 16S rRNA LB #4704, [4 3R] £ T clpX F= recA A H a9k
A d, 10 X H S E. faecalis 4644 TR —4 2. 5zt X AA KR 69 -F #4800
99.6%7= 98.6%, 5 B —4 X 9 Faecium-group (E. durans #= E. faecium)#g-F 3448 00HEALH 61.5%
F= 33.5%. ABiLAF E. durans #= E. hirae 18X % AN A E 69 £ F 1A 20.3%F 39.0%; EETF
16S rRNA 2 B 49 #4u4t o , iXIE # #k 5 Faecium-group (E. lactis. E. faecium. E. durans. E. hirae)
F R —H . Bk R A A R AR KT 99.6%, 5 E. faecalis 2 B 49 -F 3948400k =T
X 98.4%. ABIEAYIEZARARMMELIA R £ 7. [4£]) 3B 10 HRXIL B clpX F= recA 24 H
B9 T 45 R T ¥ AL 4o £ 22 4 kA= 16S rRNA LB A 71 %552 49 9 M E. faecium #= 1 # E. durans
)3 % A E. faecalis, clpX #= recA Z& B T Fl T oAy R L5 7.

KR EMIRE, FRWHRE, RAALFHA, 16SRNA AR, HFAHR

Phylogenetic analysis of closely related Enterococcus faecalis,
Enterococcus faecium species based on partial housekeeping genes

ZHANG Wen-Yi LU Qiang XU Hai-Yan SONG Yu-Qin SUN Zhi-Hong
ZHANG He-Ping SUN Tian-Song”

(Key Laboratory of Dairy Biotechnology and Engineering Ministry of Education, Inner Mongolia Agricultural University,
Hohhot, Inner Mongolia 010018, China)

Abstract: [Objective] Using the 16S rRNA, clpX and recA gene sequences to identify the
phylogenetic relationship among closely related Enterococcus faecalis and Enterococcus faecium
species. [Methods] Nine E. faecium and one E. durans strains originally isolated from traditional
dairy products were characterized by PCR methods. The gene sequences, ClpX and recA, were
amplified and assessed for their suitability as phylogenetic markers. Phylogenetic trees were
constructed with 16S rRNA and the aforementioned housekeeping genes obtained from this study and
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public gene databases. [Results] In the phylogenetic tree of clpX and recA genes, 10 tested strains
and E. faecalis belonged to the same branch. The sequence similarity was 99.6% and 98.6% with
E. faecalis, and 61.5% and 33.5% with the Faecium-group (E. durans and E. faecium), respectively.
The differences of these two genes between the closely related strains of E. durans and E. hirae were
20.3% and 39.0%. Based on the phylogenetic tree of 16S rRNA, the tested strains and Faecium-group
(E. lactis, E. faecium, E. durans and E. hirae) belonged to the same branch. These members shared a
similarity of higher than 99.6%, while an average homology of 98.4% with E. faecalis. No obvious

difference was observed between closely related strains. [Conclusion] Based on the analysis results
of the housekeeping genes, clpX and recA, we propose that nine E. faecium and one E. durans, could
be transferred to E. faecalis. Meanwhile, the clpX and recA genes are suitable for classification and
identification of some closely related E. faecalis and E. faecium species.

Keywords: E. faecalis, E. faecium, Phylogenetic analysis, 16S rRNA gene, Housekeeping genes

Ji% K 1 (Enterococcus) 5 J& A BE B ] AT B 29
FLATE B sk E R KA & | & — i AL =B
P JOZEML . HEPEDR A 22 FCBH MR BR B A AR
I HATH Ik, 4053285 E kAl B Bk e e f
AL, ZREERE R E . 16S IRNA JER 74T
HARAMERN — P o5 F B LIX 5
Enterococcus avium. Enterococcus casseliflavus .
Enterococcus cecorum. Enterococcus faecium 255
DL BERE , (R 53 PEIAER B N R 2% ¢ R BT R s
W BASARIE AR, . E. faecalis. E. faecium
W BE L 5 E. faecium . E. hirae. E. durans.
E. villorum. E. mundtii #1 E. ratti, &1z,
E. faecalis Fll E. faecium NiZJ@ WHFFTEE L F
YE R NEF S Y 18 N R34S 2 i ik
SR B R A2 BN ST Y R R A
FAAFEURTE . A HGERE S, KA TP E A
fet FE 1Y T8 Fh 32 B2 E. faecalis, E. faecium il
E. durans SR HFD . HEGT BT LR, Z25
WHEREE AT A= 4 2%, E. faecalis I E. faecium
AT R £ A T B R SR B 8 R0 I 20 rh s
NARTERHFES AR, ah, PRt
DAFETHY . IRl sl s e e, A2
BLEENT X BT T R S 1o 8RR . SR, R
F E. faecalis F1 E. faecium /) 16S rRNA FEEIAH{L
HERT 99.0%, —EREE L2 7722 LA E
TR UHERG X 43
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FERILH T ZAFAE TR, &R G

FA R FhRic. FAE 2000 4F, A 24 2R
KA RS S K o M B BR R ARG R G R 4
AR, [FIBHIER R 2L sodA Lt 16S rRNA
B R B i r FER U St g s AT A
sodA. clpX. recA & HATFER DI BE IO HFZCSE M 5l /F
AEME AR T 2 A 15 BOR X 7026 R 3T 2 41 1 1) 1) 3R
GRBRFZR KW T 9 Bk E. faecium Fl 1 #
E. durans /3B 16S tRNA . clpX Al recA JE[A
J¥3, iS5 GenBank 4% T 2 o B kAN
CL 8 I EE R 200 )7 2 % TR AR Y 16S TRNA L clpX Fil
recA FEPFF HEXH A, XF 10 BRIRIEH R RS
KT I AR AT 4 M ) B
1 RS
1.1 #H
L1 RIEERR: AW 10 BRE NS R
W R2EFL A A AR S TR E W S i
HE, Bk EUR(E B 45 16S rRNA . clpX Fl recA K&
P98 S5 (W3R 1),
1.1.2 EERXFIFLEE: PCRIXH, Ki% TaKaRa
/NFl; Applied Biosytems PCR ¥, £ Applied
Biosytems 2\ ) ; ND-1000 i & £ /M 6B,
% [E Nanodrop 22 ) ; GDS8000 % UPV %K %
MRS, EE UVP AH]; Eppendorf 5810R &
BOREOHL, 1EE Eppendorf 23] ; DYY-12 HL K
3, AEEhs—{ER)
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#1 REFTAFEKIEER 16S rRNA. clpX 7 recA EEF3IS

Table 1 The information of strains and accession numbers of 16S rRNA, clpX and recA genes used in this study

oy = .

S[?iiﬁ:). :iﬁ?ﬁfi Zﬁf 16S rDNA clpX recA
E. durans IMAU60129 VO B X Y A L F o 5 Y41 FJ749846 KC691185  KC691195
E. faecium IMAU40164 HIHGVIMES IS T EE S REMY  FI915701 KC691186  KC691196
E. faecium IMAUS0788 A SR BT ER e £ — A SEFEARDS  HMO58954  KC691187  KC691197
E. faecium IMAU10442 PR 5 it A8 DL R SRR B R FR ZE T R 415 HM218167 KC691188  KC691198
E. faecium IMAU10427 PRS2 i AR DR B EL R pE e 2417 HM218152 KC691189  KC691199
E. faecium IMAU60007 TG I 1 D0 e X VT A EL AR AR & FRER 45 FJ749740 KC691190  KC691200
E. faecium IMAU60134 [l A A P 2 Y Y41 FJ749851 KC691191  KC691201
E. faecium IMAU60135 [ AR A e A Ry = Y e Y41 FJ915637 KC691192  KC691202
E. faecium IMAU60169 [ AR A e A Ry = ) o e FEA ) FJ749883 KC691193  KC691203
E. faecium IMAU60196 P 9% T 3 X T A B AR S FREEAFWS  FI915642 KC691194  KC691204

1.1.3 RIEFTASI: @il iR 41250 0r, 1k
#£ clpX F1 recA W/~ 548 DL H & 2748 X HE
HArEsl, 2565t {EE, R PRIMER 5.0
WitEs Y, 5l 2, A LSRR
AR A BR A FLA AR
1.2 DNA #ZEl. PCR ¥ &F00 =

K CTAB-R AL BUA MR IL 41 DNAP,
PRI FE N 240 DNA FikE2l] 100 mg/L A4 1E N
PCR ik, KM 50 uL RMAEZR ., %FT clpX
SERAY B, JEH 2544 95 °C 5 min; 95 °C 1 min,
52 °C 45 s, 72 °C 1 min, 3t 30 MEF;
72 °C 10 min. recA £ [H ) PCR ¥ GRS 1FBR T
R KGREE A 50 °C 4b, HAR N A5 clpX 3%
P —Z%, PCR F=¥1 1 1.2% 0 Brt i b8 s L ik ARG

%2 PCRY 8514
Table 2 Primers used in PCR in this study

SR 1L B

G pri ElL/ell
ene rumer Primer sequence (5'—3")
name name
recA r-F TTCTTTAGCGTTAGATGTTG
R CCTTCTTGGGAAATACCTT
clpX ¢-F GATGAAGCAGTCCGAGAA
R TACAGGTAAGCGTCCAAT

KG9 3G BT 1 7k SR AR B 2R A TR
iR [)5 e
1.3 FIoERGHAEE

10 BRI H AR B9 clpX il recA R[4 r= 4 22
AL A Y, RIS A BE i R T
G, %R 16S rRNA & 51 N GenBank #5472
TEARA, WREARGE T IE RS R 1, X
IXCLE PP G AT i — 25 AT Ak R v, o SRS 2
AT R B BB RS 16S rRNA L clpX Fl
recA JL [R5 U 1 3 HL X By R 54 R 23 e 8
FHSC, VU AT 16 2 2% B i o) 1 26 R P B0 i 5 L
¥, R B3R ClustalW X, 2 J5 3@ 38 MEGA
4.0 B HR AR 32 (Neighbor-Joining , N-J)f4) 7
T 16S rRNA | clpX Fl recA K1Y R G LB, L
i B R B HIFE R 1000 K,

FER MR E. lactis DSM 23655 . E. faecium ATCC
19434" |E. durans ATCC 19432" .E. hirae ATCC 8043"
I E. fagcalis ATCC 19433" ) 16S rRNA L[ 751 %
S HIN : GU983697 . AJ301830. AJ276354 .
Y17302 Fil AB012212; %Atk E. faecalis 62, E.
faecalis OGIRF . E.faecalis V583, E. hirae ATCC 9790,
E. durans FB129-CNAB-4 ., E. faecium 1,230,933, E.
faecium DO /1 E. faecium 1,231,408 ¥ clpX 3 [H 747
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B S 4 H h : NC 017312 . NC_017316
NC_004668 . NC_018081 . NZ_AGZB00000000 .
NZ GG692537, NC 017960 F1 NZ_GG688555; =
Pk E. faecalis 62, E. faecalis OGIRF, E. faecalis
V583, E. hirae ATCC 9790, E. faecium Aus0004. E.
faecium DO F1E. durans FB129-CNAB-4 [} recA J&[H
918 55 43 I 5 NC 017312, NC 017316 .
NC 004668 . NC 018081, CP003351., NC 017960
FNZ_AGZB00000000,

E Rl E. lactis DSM 23655, E. faecium ATCC
19434" | E. durans ATCC 19432". E. hirae ATCC
80437, BAfi1Z MK 16S rRNA PR AHIME R T
99.6%, 1M Faecium-group 5% —43 1) E. faecalis
ATCC 19433" B4 MR A 98.4%.

2000 4, Tsiodras 4¢if ik PCR J7ikd ¥ ek
BB AR 23S rRNA JEH A E5A[ 25X, J5
BRI PE I VI Xba T A Pvu TT 7K A, 8056 2 1 X
o7 JCE AT AP E. hirae F1 E. durans YR X
4+FF, 1M E. faecium Fl E. faecalis 232 % B 45 AN

2 HRE4W
2.1 EF 16S rRNA ERM ALK LB ST

10 BRIRES R AR AU AR Y 16S IRNA JEH T
ST # A GenBank #2795 . it 274 L
XF, AR EEESTF IS, ZIEHERGE LT
BB 1) RS, XS RT3l 53 8 h
74332, B4 Faecium-group Fil E. faecalis, H:
Hr, AT [R]—43 32 1) Faecium-group f45 10 #RIAL

HUAR, KRS 20 S IR AT By
) Monstein S5/ HT/HEKER N 14 DF, @t
PCR J5 9 B4 TR % 16S rDNA I 25 [X V6 A F Bk,
M & B E. hirae, E. durans Fl E. faecium HA#H
AL ES], T E. faecalis 5 FiRE#RA R,
AR 50T T EIRERR 16S rRNA FEH P4, 15
7RI EE R

Enterococcus faecium IMAU 60196 (F1915642) \
Enterococcus lactis DSM 23655 (GU983697)

Enterococcus faecium IMAU 10442 (HM218167)
Enterococcus faecium IMAU 60135 (FI915637)

Enterococcus faecium IMAU 10427 (HM218152)

58

Enterococcus faecium IMAU 60007 (F1749740)
Enterococcus faecium IMAU 60169 (F1749883)

> Faecium-group

59 Enterococcus faecium ATCC 19434" (AJ301830)
Enterococcus faecium IMAU 60134 (FJ749851)
62— Enterococcus faecium IMAU 40164 (F1915701)
Enterococcus faecium IMAU 80788 (HM058954)
7 Enterococcus durans IMAU 60129 (F1749846)
Enterococcus durans ATCC 19432" (AJ276354)

Enterococcus hirae ATCC 8043" (Y17302)

57 L Enterococcus faecalis ATCC 19433" (AB012212)

——
0.02

1 10 BRI E K S5 S LLEKE 16S rRNA EE RGF A EH
Figure 1 The phylogenetic tree constructed by the 16S rRNA gene sequences of 10 strains and references
W FES TS GenBank Bt 4330 AT R 1 000 IRE G MR RIM BER; AMRKERWAEGMIKRE
0.02 Y .
Note: Numbers in parentheses represent the sequences accession number in GenBank. The number at each branch point indicates the
percentage of trees in which the grouping occurred after bootstrapping the data for 1 000 replicates. The scale bar indicates the number of
substitutions per base is 0.02.

http://journals.im.ac.cn/wswxtbcn



SROCHAE: Jel . PRI BRI AR R M5 L N R G 7 b 301

2.2 ETF clpX #FArecA EEFH N FIINRKELE
ST

AWFFEME 10 BRI AR RN Y clpX F
recA JERFR A (1), KHE 16S rRNA LA
FHFER ARG LB R i i &
GRBEWEI, KT 16S rRNA FE KIS A[H
RER BN RAE R BRI 2 R 8K,
J5 & AR TR R NS R AR R 2 3 I
s i e o A G L D KNS W s W s LEa s A o
16S rRNA J [H P B 45 52 13X 10 A543 85 4R N T 3T
42K E. faecalis.

FEfEH] clpX BRI P oA ) R 40 & B (1A
2), 10 ¥iREH kRS E. faecalis 62. E. faecalis
OGIRF Al E. faecalis V583 4bF[d—4r %, ML
KT 99.6%, 15 E. hirae ATCC 9790 FJF- 2411
P h 60.6% , 5 73— 43 3L ) Faecium-group

(E. durans F11 E. faecium) B SEEIAHMINE N 61.5%;
E. hirae ATCC 9790 1 E. durans FB129-CNAB-4 i
] (22 5744k 20.3%; E. durans FB129-CNAB-4 #il
E. faecium HyF[a] 14 2% 544 0.04%.

AL, FEEF recA LM RS K F W
L, 10 BRI E#E 5 E. faecalis 62, E. faecalis
OGIRF Al E. faecalis V583 &b F [l —4r %, #{
KT 98.6%, 15 E. hirae ATCC 9790 “F-#44H
PIHEALH 39.7%, 59—/ %M Faecium-group
(E. durans Fl1 E. faecium)f~FH MBI A 33.5%.
XAGERME— 2 LT M clpX JEH T 5 H # R
Gtk BN, BIIX 10 A0 B bR 55T
425K E. faecalis, It4), E. hirae ATCC 9790 Fl
E. durans FB129-CNAB-4 Ff [i] iy 22 5% % K
39.0%; E. durans FB129-CNAB-4 fil E. faecium
R B AR BLE R 100.0%

Enterococcus faecium IMAU 60007 (KC691190)
Enterococcus faecium IMAU 60169 (KC691193)
Enterococcus faecium IMAU 60196 (KC691194)
Enterococcus faecium IMAU 60134 (KC691191)
Enterococcus faecalis 62 (NC_017312)

Enterococcus faecalis OGIRF (NC_017316)

Enterococcus faecium IMAU 40164 (KC691186)
Enterococcus faecium IMAU 80788 (KC691187)
Enterococcus faecium IMAU 10442 (KC691188)
Enterococcus faecalis V583 (NC_004668)

Enterococcus faecium IMAU 10427 (KC691189)

Enterococcus durans IMAU 60129 (KC691185)
Enterococcus faecium IMAU 60135 (KC691192)

Enterococcus hirae ATCC 9790 (NC_018081)

clpX gene
46
46
58
20
99

94
—
0.02

Enterococcus durans FB129-CNAB-4 (NZ_AGZB00000000)
[ Enterococcus faecium 1,230,933 (NZ_GG692537)
6 Enterococcus faecium DO (NC_017960)
Enterococcus faecium 1,231,408 (NZ_GG688555)

Faecium-group
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recA gene Enterococcus faecalis 62 (NC_017312)

76
97 Enterococcus faecalis OGIRF (NC_017316)
" Enterococcus faecalis V583 (NC_004668)
Enterococcus faecium IMAU 10442 (KC691198)
Enterococcus faecium IMAU 60196 (KC691204)
Enterococcus faecium IMAU 60135 (KC691202)
Enterococcus faecium IMAU 10427 (KC691199)
57 Enterococcus faecium IMAU 60007 (KC691200)
Enterococcus faecium IMAU 60169 (KC691203)
2 Enterococcus faecium IMAU 60134 (KC691201)
Enterococcus faecium IMAU 40164 (KC691196)
Enterococcus faecium IMAU 80788 (KC691197)
> Enterococcus durans IMAU 60129 (KC691195)
Enterococcus hirae ATCC 9790 (NC_018081)
Enterococcus faecium Aus0004 (CP003351) g
? ’Enterococcus Jaecium DO (NC_017960) %D
Enterococcus durans FB129-CNAB-4 (NZ_AGZB00000000) a:é
— =
0.02

2 FASESEHER clpX 1 recA RE RS A B/
Figure 2 Phylogenetic trees derived from clpX and recA gene sequences by N-J method
T 355 NN EEFEF S GenBank B 555 7338 FIVECTFERIR 1 000 K EEAFEATAR R0 BAS R AR RIQEERA A0 S R E
0.02 Y Ei k.
Note: Numbers in parentheses represent the sequences accession number in GenBank. The number at each branch point indicates the
percentage of trees in which the grouping occurred after bootstrapping the data for 1 000 replicates. The scale bar indicates the number of
substitutions per base is 0.02.

Leu. fructosum #1 Leu. pseudoficulneum Bk &5 1
2} Fructobacillus gen. nov."™™. 2012 4F, &K H|
FIF 5 Morandi S8R 35 16S rRNA | pheS £ rpoA
LT 30T, B —BR 43 85 24 H 3 % v A9 B R A
Fe 47 iR Enterococcus lactis sp. nov.',
TEARZE R, R IEH clpX Fl recA 74T
9 #k E. faecium 1 1 #k E. durans 73 B Bk b HAr 24y

3 Wik

VLLAEIATFE M, 16S rRNA LK 55140 Hr
O Z TR % BEE L, AR
AR5 ZEE A A 43 AR e 78 30 2 AN TR R 1) R G2
B C s R e 0 e R
— R4 AR L 2007 4, Bruyne 2% FH43HT pheS.
rpoA il atpA KK T 51 1) 7 ik 58 1 T 40 85 A & T

MErh LR A %8, B4 T — T F Leuconostoc
holzapfelii sp. nov.""'; [F4E, Chelo Z5# ] dnaA.
gyrB. rpoC S5REZEHE PRI P B ERf 1 58 B T X B HA
BRE . BLICHEANEER B 1%, 2008 4F, AR
4l K214 Endoa ZEHR 3% rpoC Fl recA JLH 55114

BEGERBM, ¥ Leu. durionis. Leu. ficulneum.
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Ffts o VB B 0 BER . 10 MR RS E.
faecalis 7EHEALR H AR AL T [F]— 433, H: clpX i
recA SEPF- BT R 99.6%1 98.6%, 555 —4r
% K Faecium-group (E. durans fil E. faecium)fy-F
BIRRIPEST 5N 61.5%F1 33.5%; TMifE 16S rRNA
FERFH 3, 10 BRIXE Rk 5 Faecium-group
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(E. lactis, E. faecium, E. durans, E. hirae)tH{IE
KT 99.6%, 5 E. faecalis (1 F- AL 98.4%.
R, 58320 HT clpX F recA [R5 a] i JE Sk
L5 E AR 16S RNA JEHFFSI S ER) 9 bk
E. faecium Al 1 ¥ E. durans #8935 4 E. faecalis.
PRI R RS K H L F&R, E. durans #l E.
hirae [ 119 clpX F1 recA JE K 351 25 5444 20.3% 1
39.0%, B clpX #i1 recA & [H [k E. durans F11 E.
hirae &4 % B 1> FHric ;s E. durans #il E. faecium
Foft ] B AR 2350 99.6% 1 100.0% , A i S5z ke
clpX Fl recA FERIIFANREA AL X 43 W4 o
AHEFE LA clpX F1 recA FLRAE R4 FhRic,

TS 16S rRNA JE R JC vk X 73 1Y B ARV 28
B FpsKF, SR, XFF E. durans Fl E. faecium A9

AR IFAEEAE . S LAH S, Poyart 538 15 43 Hr
sodA JE K P B HIA K 16S rDNA ARUE KT 99.0%
f1) E. durans il E. faecium B#k % E I Fpk F15,
X — B A] DL B AN [ 45 2 B PR AS [) ) A ) 53
PR B 22 5, R 2 SR R [ ) A7
I3 M B AT A SRy — RIS SR A 4 e YT 5 i A
Tt

% 3 Mk
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