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B- A B B it 25 £ B 3k & R = A0 )

BERGASEARNESN AR SR
BB ML VERE IR, 3

HE BB KD R B EREE W 25 KRR &
BRLEHE A pbpd FF T L7 575143 8 (MLST) 1§,
Fik WEEIRRE BRI 78 Bk, M A sh bR
N ELTR 251 5 SR A PCR 4738 K 3 R 2 A O B 4G I TEML &
[HFT pbpd LRI 248 1) 58 28 15 100 5 17 B MLST X 4355 A ik i2f
TTEAT 200 RS (MLST) 23 1 858 78 BRIn Bk i »t
KRB ZEEFID R R OFER AR DL &
PR B R Wi 25 3R 455 , W TR M T E TR WM 2538
10.3% , A RS2 R 7 i B BB T R 4% e i
it 25 B R bk ;78 MRFEIAER R P A 8 AR9 3 Hh TEM ZE[H | 435
R RMA R H &R, RN 10.3% ;78 IR
BT A 16 ASFFI AL, Ho ST179 BUAN ST16 B H: %2, 434l
A 21 BRI 20 £k, 15 26.9% F1 25. 6% , HAA MR N ST6 AL 8
BR(10.3% ), ST4 B1 7 £ (9.0% ), ST585 1 6 £k (7.7% ),
ST480 7 4 £k (5. 1% ) ,ST28 B 3 ¥k (3.8% ), Hi4 4% ST 1
R 18R 00T ST BRI ST 25 1 (1456 5 s AR IR ST AL
HIZE IR B A RO 2535, 418 & EREXT B-H Bk
WU 25 T 25 L 222 th F =45t TEM ERE A 5
B B-PIBLREBETEL, 55 pbpd FH YRS WA DRI R 38
BRI B AR EE L CC16 (FL7% ST16 M1 ST179) Wi etk A
F2 FLTR 2515 0 ™ 2, T B e AR 5 48 I AR 25 91 m 5 e
KR BRI M E R R G ED; BT
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RIS R M 5 R I HUSIEREAR, LK
X R BRI R T 5 0 B 2% 0 e 7K i
MES BB 3% I TR TR R ™ IR (Y i 24 s 3 LA
KW PRI 7745 A A8 DR DRI Y AR S 36 10 3k 0 T PR
B ZEERTE pbpd HE A AN DL K #E AT 22007 A,
¥ %143 A4 ( multilocus sequence typing, MLST ) £ &K |
h TR R O B R ZE R TGRS R R A S
#E H ( penicillin-binding proteins , PBPs ) f*) 2 25 {R 4
s A5 S, B 24 2 11 5 B PR B 2 [A) 0GR
R BRI R AT A A S BRI R O I RS
BRTAEEGE 4 F B AR T S it — 2 AR

1 RS 7%

1.1 BE#SRIE 2019 4F 1 J—2021 4F 10 H ERE
I RARAS S B 1Y 78 BRIENAERTA , 5 Fit [l — £ 5 A [7]
FROL A EE A T, A T T R A 4 B (L 4 BRI
ATCC 25923 N2 ZEJBRTA ATCC 29212,

1.2 FEMFFMKF  MBT IVD i (Bruker) ,
Vitek-2 4= H sh i A= 91 70 #1 R 4 ( Biomerieux ) , TOne
96G PCR ¥ 1 {¥ ( Biometra ) , HE-120 7K 3 Hi, ik il
(Tanon) , PowerPac HL 3K {3 FL i ( BioRad ) , Gel Doc
XR % 1% % 45 ( BioRad ) , PCR 1B &K % GoTaq
MasterMix ( Promega ) , DL2000DNA Marker ( Pro-
mega ) , £ [ i K( Calbiochem) ,

1.3 Ak
1.3.1 Em®AGRRELET FBiaAEMAErE

LU M B 3 35 0 37 CH55% 24 h, Pk H A4
MBT IVD JEREXFI Vitek-2 4> H Shis 4= Y1430 & 52

W TE AR
1.3.2 #H#6XE S B3EE GRS = bR il

P23 (CLSI) 2018 4FAR#fE, R H] Vitek-2 4 H a4
Y15y Bt R G5 B RE EA T 25 B0 50

1.3.3 it DNA 6941 &  PREAiR SR 75 B AN
o SUHW (0. 5% Ak B 2515 700 B % ok BE A 200
ng/ml H AW K AR A 1.5 ml BOEN, B S55 C
JKIETEAE 1 h, B8 95 C /K KA 10 min, 15 000 1/
min, B0 30 s, IR R0 A DB 1S IR AR (PRAT
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T 40 C#H) .
1.3.4 3l#4hi%kit 546k Z M Genbank AT
BE EGORHE NCBLE W A 1711 TEM Fl pbp4 5
B YIFH, Bk A T A9 T RE AR IR 55 47 IR
NGRSy

TEM 3K BE R/ R 445 bp, Ho b RS9
¥ %) 4 %k F. 5'-CGCCGCATACACTATTCT-
CAGAATGA 3" F1 R: 5'- ACGCTCACCGGCTC-
CAGATTTAT -3'; pbp4 JE K Bt K/l 961 bp, H
LRSI IF A5k Fi5'- GGGGGAAGCAGCT-
GCGCAAT -3'F1 R:5’- ATTCGCTGCGTTGGCGCTGA

3,
R®1 EFKEEREREPCRANZIWESI(5'-3")

S smrn PR

FEH (bp)

gdh F.GGCGCACTAAAAGATATGGT 530
R:CCAAGATTGGGCAACTTCGTCCCA

gyd F. CAAACTGCTTAGCTCCAATGGC 395
R:CATTTCGTTGTCATACCAAGC

pstS F.CGGAACAGGACTTTCGC 583
R:ATTTACATCACGTTCTACTTGC

gki F.GATTTTGTGGGAATTGGTATGG 438
R:ACCATTAAAGCAAAATGATCGC

arok F.:TGGAAAACTTTACGGAGACAGC 459
R:GTCCTGTCCATTGTTCAAAAGC

xpt F.AAAATGATGGCCGTGTATTAGG 456
R:AACGTCACCGTTCCTTCACTTA

yqiL F.:CAGCTTAAGTCAAGTAAGTGCCG 436

R:GAATATCCCTTCTGCTTGTGCT

1.3.5 PCR R Ak 2 A4 ¥ &4+ TEM ZH K2
W AAEH 93 C AL S min, 93 °C f#4% 1 min 55
CiB X1 min. 72 °C ZEf1 1 rnin,;':@35 MMER, &5
72 CAHRIR S min;pbpd FEH M SN 258 4. 95 C Hil
AFPE 10 min, 94 °Cf#%5% 1 min .50 CiE K 1 min 72
CHEM 1 min, 230 NMEFF; 55 72 CHRME 12 min,
PCR WA ZR K 50 wl, G045 5 wl (AR DNA, T
W54 5 wl (10 pmol/L) , Master Mix 25 ul, £
Tk 10 wlo

1.3.6 %425 /534" 2% Ruiz-Garbajosa et
al “ B IR T A R T B 7 XA AR S I
JE, 9l o Wk 1, RN 4594 C Fil A 1 5
min,94 °C fift 5% 30 s.52 CiB & 30 5,72 CIHEAH 1
min, 3 30 MER, i 72 CHIR 7 min, §7HE=Y)
afifbfa i A TAEY) TR ( i) ety A BR A w47
X Ja] e 38 T

1.3.7 A% E&EFaH 5t NCBI H M

(https://www. ncbi. nlm. nih. gov/) & 1 H 3 $£
“ Gene” BUHJE 2R 4 A\ BEAT HR 1 S TH 44 FR B HAE A
¥4 A % Primer-BLAST ( https://www. ncbi. nlm.
nih. gov/tools/primer — blast/index. cgi? LINK_LOC
= BlastHome ) , 5 & 255 BV ] 15 2 AH R 195 97,

PR Py A P IS, 7E NCBILE 7 9 3 (hi-
tps://blast. ncbi. nlm. nih. gov/Blast. cgi ) # 17
BLAST Y5 ; ¥ 2 BRIA 1 7 A R EE NP 91 4R 52
F| MLST P ¥4 ( https://pubmlst. org/organisms/en-
terococcus — faecalis ) , 15 KU 4 H 2% iz BR 181 149 AH 1L
BE LA B 2507 HE R AT LU, AR AT B — A8 S B D Y 2
MFEHF 5, gdh - gyd - pstS - gki — aroE - xpt —
yail K ZH 7 A7 g A5 7 BE A 5 A2 T R 1) 25
P HEPR 1 | A B Kk PR X6 I — > 2 J BR A 14 1 971
HI(ST #Y)

R2 #FEBHEKE 12 HAEAMHITWAEER (%) ]
FHERFE (n=78)

sz fifZh 257 (% )
HRE 8 10.3
HRHER 8 10.3
HNT 2 27 34.6
AT E D L 22 28.2
FltEF 38 48.7
AR 64 82.1
7Sy 60 76.9
MR 22 P 0 0
TR 0 0
BHERLT 0 0
| 2 e iz 0 0
VR K K& H 41 52.6
2 HZR

2.1 EFKENREARESHREST KRS
78 Bk 2% 7 BR w1 R A 48 BR SRR TR W AR AR
(61.5% ) , AR MK W YIFRAS 9 #E (11.5% ) ,
MLV AN AR AR 45 6 ¥R (7.7% ), IR AR A 5 #k
(6.4% ) , I AKFRIARAAS 2 PR (2. 6% ) , AR
BEE A2 ER DLW IR AMEL B I SRR S0
F L4805 18, 1% 10, 7% F19.3% .

2.2 ERKENAFIRBER 78 HRIEMHEREXT
WHWE AERD R M %R UAHE &
W T /SR TT LA K s vk B8 DR K 5 25 1) i 245 R 4
i, X R R AN R R AN 10.3% , K
-2 WOIUN AP IR & = VA | P 7S LT
TR, IR 2,
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2.3 TEM ER/FEFNEF LI 78 #RIEmEK
H A 8 BRI TEM LR, 288 55 £ M.
HRE R M2y, BHEE N 10.3% , WL 1,

bbM P N 1 2 3 4 5 6 7 8 bp

2000

1000
750

500 455
200

100

B 1 TEM EE PCR P41 ik E
M: DL 2000 DNA Marker; P FH#E X & N, A % & ( ATCC
29223) ;1 ~ 8, 2R

¥ 8 #k TEM JLH FHAE () 28 A BR B PCR 34 7=
Y T DNA U5, 28 BLAST Xt & 3,8 ¥k TEM %
K150 TEM-1 7%
2.4 pbpd EEMFEAMMELLLXS X 78 ¥k
BKTA pbp4 FEIFEATY 4, 23045 961 bp B pbp4 Jk
K=y, WK 2,

bp M P N I 2 3 4 5 6 7 8 bp
2000

1000
750 961
500

200
100

E 2 pbpd EE PCR P4k E
M: DL 2 000 DNA Marker; P, BH P X B8 ; N B4 X} B8 ( ATCC
29212) ;1 ~8 . 2R A

PRI 16 BRIE M BKTA (7 5 3R T 24 AU 4% 8
FR) FII ATCC 29212 f#) php4 JE R 88 7= 8y 4 70 5
ST, 48 BLAST FbXF & B, ATCC 29212 # pbpd 3
HAZAFBRF S5 GenBank FEMF5 R AYS571368 [ E
PRAAH RT3 100% [RE, Br A 2 B BR 17 pbpd JE
HAZF RS 5 ATCC 29212 Y[R IEMEITE 98% LA
e HH S 369 fi 2 HE IR A %78 . GCC—GTC (N2
MR —4n iR ) , WK 3,
2.5 #ERFPKER MLST 98 78 ¥R BkE 145
7 R AR 21 DL 6 3, 240y 16 SR AL, 1
o ST179 A ST16 Rif 2, 43l A 21 #RF1 20 £k,
17 26.9% F1 25.6% ; H 4 MR IK Sy STe #4 8 #k

(10.3% ), ST4 #9 7 ¥k (9.0% ), ST585 Y 6 #k
(7.7% ), ST480 #4 4 #k (5.1% ), ST28 #I 3 #k
(3.8% ) , HiAn 4% ST # K 1 ¥k,

WAL AT 78 BRIE M PR IR A MLST 43 #7455
RIA 4 Fh EZ A 50 E 51K (clonal complexes,
CCs) , Hr i ML ve b 2 A A% CC16(ST16 Al
ST179) , Hi 434 9l J& CC6 ( ST6 ) . CC4 ( ST4 F Al
ST585) LA CC21(ST21 F1ST22)

3 pbpd EENFE
1R ATCC29212, F A3 r FE A ERER pbpd FEHIBEIE 751 & A4 %
g FHRE R A GCC—GTC

2.6 ST EFIEMZEME 0 ST 85| S5t 2PEr
KZ G AH IR ST 7850 9 25 i 33K 1 LA 2 LAY i 24
T, 21 Bk ST179 B EREA 4380 2 B 24 1, 41
RN 25 %K 100% ,19 HR3FUFRE 2, 14 #
MR ER KRB RN 2, RO FHER - WHE
— MR PR B R B 258K 5 ST179 AHZ A,
20 #k ST16 HUZE A BR B L340 2 T i 25 0, Hovh i
B AR 21 R Z RN DU T 24, 18 bk v ok B8 B
KERL, 15 TR T2, R K LR -
PURER - @ R K& E - AT i 258, 8
P ST6 RIZE 73R X 2185 3K | 10 PR 2% R 15 285 4
PR 2,1 MRS e i B R K 85 R BUEk; 7 #k ST4 Bk
R R AN EHR AN EER SR EE
BEEF S BT S | DUIR R 2T 8 K i 24, ) — &k
X R R M 25 bR ST BB N ST30, [FJE T 7ok
HAR CC4 1Y 6 Bk STS8S, B XA N5
RIURSHN M 2535 5 ST4 ¥1—3K,

3 itig

AR R E T B- N BRSSP 25, W 2R iR
177 A B PN R Tl LA B PBPs 1 25 45 07 1 28 75 g 1
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R3 78 HREMIKER) MLST 538
ST #Y RARAR LB (% ) gdh gyd pstS ki aroEl xpt yqilL
ST179 21 26.9 5 1 1 3 7 1 6
ST16 20 25.6 5 1 1 3 7 7 6
ST6 8 10.3 12 7 3 7 6 1 5
ST4 7 9.0 8 7 7 5 4 4 1
ST585 6 7.7 8 7 7 4 4 4 1
ST21 4 5.1 1 7 9 1 1 1 1
ST22 3 3.8 1 7 10 1 1 10 1
ST7 1 1.3 58 1 101 32 6 1 5
ST9 1 1.3 4 6 16 4 1 1 4
ST17 1 1.3 4 6 2 1 1 4
ST28 1 1.3 4 4 8 8 1 3
ST30 1 1.3 7 1 11 1 10 2 1
ST40 1 1.3 3 6 23 12 9 10 7
ST256 1 1.3 4 6 7 29 8 1 20
ST480 1 1.3 1 1 22 22 7 17 6
ST481 1 1.3 11 6 7 33 1 38 10

FEMZ PG, B BREE = A0 B- PN I 1 3 2
F BUR it , 5 AT ERTE 1Y blaZ JE P 4t ) A 2 B-
DB AR [R] . PBPs J2& o 40 1 4 A B 1 i 26 1
B, HA D, D-IREGIE 1, 25 40 1 40 i 5 KR
B, TR B- PN T B 21 24 1 ) A R AL, 40 1
L BESLAL PBPs 1919 1407 a1, 22 S0 1R K 1 i JIK 2R b
F A= 906 i, T BH 11 PBPs #E 47 JIK SR M & LAY 28
BRI, Hh BT A R R Bl

PBPs #5340l LUy A 28 (LA B ILFG
FE MR IR 5 M 9 XL RE ) (B 28 (F% KR ) A C
IS (FR ARG A PN K ) —Ff, A W] B8 Fh 2 8] PBPs 1Y
B RN SRS PR R SR AR
i TR A 1 PBPs 13635, S80I A 19 1 BR 5 4R
RILLRTH 8RN 55 R B BURIE R, D&
XK B AT NI A 15 175 55 2 1 B KT Tid
25 5 RS R TR XT B- TN I I 2 B T 245 400 1Y) e
PEREMCR T EZE A BRI h R B FR Y PBPA ({1525
A7y B2 PBPs ' 3l it X 2E M ER 1A pbpd 3 R
P LU 2 B, G636 B0 o 7 B 2 AR el T 24
(R TRIAR , 359 2 I pbpd FE R 2R 369 v & LR A 58748
GCC—GCTC(NAR—MAMR ) , e/ IL R 52
BRUAXT B- P IO e S 7 T 245 1) it 245 1 A 0 SR B

FE N R TR e TR BE PR R R 24 M A T2 —
T 25 S, A0 Shy BH P 25 SR R A% T 2R VAR T
R B RS — P R AR T 25
BREE Y B PMRIVE T, W B2 R, R A B
FUMNRVER . ZEMA3K X ik B DK 2 3R 1T 25 0L

A T2 SR AN B A ORI B R 2B A il
FrE, H aac(6') /aph (2) B ts ] SEFHE
SO IR 5 IR 2 DR RIE I 2k . AR SR R
VR R KB R W 245 F ik 52. 6% , il H 55 &
EAEADREEN, A RSB EF G R 250 F 25
E5

TEM 3L 5 e % 4 55 TEM B, 7] LK 5 & 2
SR 2y A WL B-INBERGE RN, Ao
8 X HHRMEA N T HEM MR E Y
g TEM J A W) B 26 11 5K T pbpd B A #E 4T
PCR "4 , 38 1 W 7P Hb X6 40 #7226 B Bk o TG i
XoF 7 2 R BURER N 24, 348 L pbpd JEIRI 2R 369 fif
FILFRA R GCCHCTC(NAMR WA ) , $2n
W 5705 55 2 i BR TR B- PN Bk e R e 71 24 W 114 Tt 24
PEBAT WARIK R, UL B ZE A 3R TR X B- N ik e S T
5T 25 P 2R R T AR i TEM R FE AR
1) B- P Ok e 1t iy 350, A7 5% S s L ST i g 3 A
B RN EERM 2 MERE XS pbpd Hifis 751 195
Mr i Aa4% V2231, A617T,D573E 25 26 M & &
FERRARALT Y AR IE R A RO TR B — ELREAER
AR, 5 E MR EA A E I 5 ST
BRFEAERE pbpd 128745 0T B 5 #57 HH {5 B
FRNLRANDE , BRR A H v 77 25 2 Uk &R
T A R 240 00 TR A 3 SR 28 A8 o7 45, (HLB 25
TG N IS BRI A B 2 BFFE FIEAT pbpd 2
P Z A s AL ZRE M R IR A IR I BF S D T 2
— SR IRIA YT 28 I 3R T B i R T BRI — 2 MK
o
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MLST J&— i3 4% R 7 51 0 2 %) 440 B 43 780
B, BT 6 10 AN BRSO R B %
TR T 51 FH T8 B 1 1 2 T A TR 2A I oT B 6 U
T FE AR AL R 1A% | R BBl s (1) PN 3 3% 5 i v
s LT i AR A AT R A S5 SR, e
iy R SO TS TR S S

FEWAHER A5 2 B B C ) d i UL 1) B B A
R (IR 80% ~90% 1 FEIHIRTE AN [R] 52
Gk 5 R Bt B R R R A G 3 B 5 R AR BB A 5
fEMAERE e e A, ARFSEE T MLST 43 Hr 2% B
If6 PAC 435 1 288 B el o L5 380 ) Sl %) T R 2 R 1
I HM 78 BRI IE AT I Y2 T 16 AR
[ Ay ST AU 5, Horb d5 o O #5ny 2 1 25 ST179 il
ST16, 7@ T rie 2 &1 cCl6, Hv vk & &k h
T B MRS S Z2 TR TR 24 pk L 233 Lt el , 52
FAEVO S 3, SRR AR CCl6 mEPIAN
RERSAR L Mk N PR B3R5 , 255 R AR il ) &
FAAAFHMEFEA |, I HBEWS 5T vanA B vanB JE[H |
e ORI R 1, 245 1 e 4 1 bk v it 25 1
FIRBAL RS ) | BRASHIF 5 v B A A 3] i 7
HERNEE, B hFE R LS EM, wEE
Gk cc16 Z P DL R 3 sa ke, F 82 i Tl
P R UK R 4 0k L 24 Pk A A5 4, (2
R AR B B RN DR 2 o0 A 1) 22 EEL T 24 A

AHFFE R 8 fk ST6 2% i BR A X 21 8 K | U
ZAME TR 2 A T 24, 1 Bkt o5 v B R85 B
JRIZE RS Contreras et all ™ 45 Hi 1% Z2 F it 24 19 3%
WABkE ST6 B2 T 52 5 Pl E 22 B i F2 2835
L3t 2, Hoh R 2B 5 X ST 2K 25 W Tt 24
PP R E 5%l DR K 8 IR YT 25 Bk 1A 5|
TR S5 AHAT . 7 bk ST4 BUZE A BR1A 3
RIS HE R =R ZIE T 2 s v A S
DUBR 2R LT R K it 25, % T 75 B R it 25 1 38 I BR A
HAFAET ST4 B, A WFSHE/R ST4 BUZENA R 1 K
HRFEZR AR N, AT e 5 e B Ak Ccl6 F81 K
R 55—~ BB R X R RE DI RE K 19 R
HHA T A TR I S 7% X 45 b B T 2540 B T 2 2R
A A ST R e E Y STS8S K il 6 #k, [
BT E Ak cca, B HEHEREMEA N HERY
SN L 25 5 ST4 45— 50, HARAE S48 n] #5 75
) optrA Fl poxtA F& A, 5 1| 4% Mg iz 1if 25 40 1
SIRAHIFSE AAG: H 1) 2 e iz 5 245 ) BT Bk , (H th 75 22

T Xt A S 25 My ik 24 M 7

WEE T 1l RO T 25 W 9 i B AT, 26 BR T
FRITIRS 24 1t 120 3 4 5, 3 3k PR 9™ JR M MILST R
R TEREA R, I Hoh 5 B2 Be e AR SC A 1
AT, IR AEERE N Z H 25 E RS T8
2 (5% Ik DR A )R R i 24 5 PR 3RAT ] 4 )
FEREETT 0], AR ST B FE )1 BRI 1A
H RTRE R AR I PR R A4 TR 24 200 7 ) ) BRI pA
PEALBE BRI 0 B I A = e A X
PEAT E
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Detection and multi-locus sequence typing of low-affinity penicillin-binding

protein of S-lactam resistant Enterococcus faecalis
Yao Jie, Tang Wei, Cheng Juan, Wang Lincui,Ren Yingli,Zhou Qiang
(Dept of Medical Laboratory , The Second Affiliated Hospital of Anhui Medical University ,Hefei 230601 )

Abstract Objective To detect the low-affinity penicillin-binding protein drug resistance, pbp4 gene, and multi-
locus sequence typing ( MLST) of clinically isolated E. faecalis. Methods 78 clinical isolates of E. faecalis were
collected, and their drug resistance was detected by automated instruments ; the mutation of pbp4 gene mutation was
analyzed by PCR amplification and MLST. Results 78 strains of E. faecalis were highly resistant to ciprofloxacin,
levofloxacin, rifampicin, erythromycin, tetracycline and high concentration of gentamicin, and were resistant to
penicillin and gentamicin. The ampicillin resistance rate was 10. 3% , and no strains were found to be resistant to
nitrofurantoin, vancomycin, teicoplanin and linezolid ; 8 strains of 78 E. faecalis had amplified TEM genes, and all
of them were resistant to penicillin and ampicillin resistance, with a positive rate of 10. 3% ; the allelic profiles and
sequence types of 78 strains of E. faecalis which were divided into 16 sequence types, of which ST179 and ST16
were the most, with 21 and 21 strains, respectively. 20 strains, accounting for 26. 9% and 25. 6% , the rest were
ST6 type 8 strains (10.3% ), ST4 type 7 strains (9.0% ), ST585 type 6 strains (7.7% ), ST480 type 4 strains
(5.1% ), ST28 strains 3 strains (3.8% ) of the ST type were detected, and only 1 strain was detected for the oth-
er ST types. The analysis of the relationship between ST types and drug resistance showed that E. faecalis with the
same ST type had similar drug resistance profiles. Conclusion The resistance mechanism of E. faecalis to -lac-
tam antibiotics is mainly caused by the production of B-lactamase mediated by TEM gene, which is not necessarily
related to the mutation of pbp4 gene. The isolates of E. faecalis are mainly CC16 (including ST16 and ST179)
clones and drug resistance is serious. It is necessary to guide clinical medication and strengthen nosocomial infec-
tion monitoring according to its characteristics.
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