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The effect of overexpression of eptC on polymyxin resistance of Salmonella
JIANG Hui fen ,ZHANG Tongtong . LU Xiaoping , LI Rui
(School of Life Science and Technology, Wuhan Polytechnic University, Wuhan 430023, China)

Abstract: The antibiotic resistance of Salmonella poses a serious threat to public health, Polymyxin is
known as the "last line drug” for the treatment of infections caused by Gram negative bacteria. The mecha-
nism of polymyxin resistance of Salmonella remains unknown. Salmonella strain A7 does not carry the pol-
ymyxin resistance gene mcr, but is highly resistant to polymyxin B. The full length of eptC gene of A7 was
amplified and cloned onto the pGEM-T Easy vector. Then the pkk223-eprC expression vector was construc-
ted through double-enzyme digestion. The expression vector was converted into E. coli DH5 «, polymyxin
sensitive strain NC28 and low resistance strain NC141, separately. The recombinant bacteria were deter-
mined the polymyxin MIC value and biofilm. The results showed that the polymyxin resistance of the re-
combinant strain remained unchanged. However, the biofilm forming ability was improved, especially for
strain NC141, which increased biofilm formation significantly. Overexpression of the eptC gene can increase
the biofilm formation, but would not affect polymyxin B resistance. This article provides new information
for understanding polymyxin resistance of Salmonella.
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ZRIE R R RIS IAEER, A 1959 F 2
AEZ R HFIERIGYT 5 & Bl A=t . 2
RN RIGIT T — A R T A, M N
R L R R R G — BB . AR R
PIPTRAE TR 58 4 B A . © 0 H 5 4 T AP RS AR B
YEH J5 . H Sk #5875 B8 £ B (lipopolysaccharide,
LPS) R A A EAEH, 2R A & 15 B
BRALTSINE] LPS rf AT fd LPS (%8 5 1 B AR £
2 BRI MBS R R » DT e B0 TR A PE I . 2K
PR M2 PEDLE LA 2 s BRI . K20
5 LPS 47 %, L-AradN 8f PEtn X%} LPS #££7
LM, DA T LPS (144 £ H faf o SO A0 T S5l
IEHLAT Y Z A B R B A TR FH AR

G5 2R TR R T 245 L ] e IF L 2 R G
1) & Bk A Wi T LUK pEn 8682 3] LPS 15 it
A b FRIRZ A R 5 LPS B 4, i 2L
RNt Z R E 240 Hate & &M T 10
mer FEH, mer J P ETE AR OR IR 9 410 B P R
A AT ZEAS [F) 4 TR AR R . eprC R R G B 1Y
EptC J&—#h O R A4 B, 7T LA LPS F1 LOS(li-
pooligosaccharide, g ZE M [ T A LPS (4% 0>
Z 4 (core oligosaccharide, OS) | #f B & [ FlgG
AT pEIN B4,

VBT EC TR 2 — s DL A0 o 2= QR PR O 1R
SEAE PR EESORHN T2 PITREZ
LEENNESESIRCS ST M nb) il /NS S S0 PN DL
PEVD T I AT 245460 5 2 0 B A5 2 1Y 6 pRvD
ITRHE X Z R mE B2y . Wb RE£
R TR R T 25 L AT SRR A B

ARSI 2 AE BT AT & B 43 22 R TR 2R T 24
IRRTE eprC FEH LI AAAE AL A Y SNP 2848 £ o1
XAREE SRR 209 i . fEA S, 3K
R A AR & mer N HX ZHH X B &
T 25 VTR A7 BFSE eprC JE A 3 638 % 81 41
RPN 227 1 S A 40 B ) SR ) o Sy 22 TR R T 245 AL
PEALIRIE IR

2 MRE5HE

2.1 SEIEHE
2.1.1 BHAFRE

WITIRE A7, Y TTIRE NC28, W 1T IR
NC141 #4785 H & d A, KW H DHbSa.

pkk223 A& Ry AR LI = A pGEM-T Easy # {4
T Promega( ') A= W3 ARG TR E] .
2.1.2 EERXABIEFE

ZHH R BRI AR (USP %) . i m-4:
YIRS A BRI 7] 3 IPTG 3  X-Gal i, EilgE T
Y TR v s EcoR T NI, Hind TIT (N Y] i .
TaKaRa MiniBEST Plasmid Purification Kit Ver.
4.0, HEAYH AR AL FRA A Rz R
(MHD) , & B AV AR AR AF .

2.2 FEXIGMEH

PCR(Polymerase Chain Reaction) 3 [~ # 3#{%
(T100 %Y, Bio-Rad A= fig B2 7= b (L) A F]D 5 1B
VAR IR (DY Y-2C B, b i —E MRk A R
o)) s 3 1 28 VRK R Ay (YXQ-75SIT AL, |16
RS A BRARD 5 A 8B SR (GBOX-H12-
E-M #1, %[5 Syngene £EH1) ,

2.3 LWAHZE
2.3.1 3l4pikit

RIGFHE R A7 1Y eptC FH 2 )7 51, A Primer
5. 0l K5I Ll K RV PCR BE5 19, 5191k
THoE IR H Oligo? BAFRINITEA . K51 17 51 ik
EETAYARAF G, eprC HEHNEKY
¥OE WS k. 50 GAATTCCCGCCCTCACG-
CAGTTATGT 3, T 5% K: 5 AAGCT-
TCGGGCAACATACAGGCTATT 37, HYH B
4 1958 bp. Hi¥E PCR g5 917510 . 5 CTGG-
GAACGCACATTAAATAC 3°, Rl 551 H .
5CGTAGGCATCATAGGTCAGG3., HER=9 R
439 bp,

2.3.2 Rk HEARGME

DL AT BRI, 2K 5183 eptC
A, PCR Jz I 2% 1 W AE #£ 94 °C .5 min, 45 %
94 °C .1 min,iBk 58.8 °C .45 s, fEAf 72 °C .1 min,{§
R 30 WL fieJm 44 72 °C 10 min, PCR 4 B4 7=47H ik
Ja i TaKaRa B2 [IBGRF] & o= .

FH TADNA #3510 eptC Fr BLS #iik
pGEM-T Easy % #., F # i G & 2 - W i A
E. coli DH5a J&AZ A5 40 M, W A0 4 Amp $THE 1Y
LB Al .37 “Cad e, W 115 0 a8 Bk B PH M B 2
- 7% PCR g I3F . PCR W 414 K - AR
P£ 94 °C .5 min; 284 94 °C .30 s, 3Bk 56.6 °C.
30 s, ZE{H 72 °C .30 s, fEFFR 35 W e s 72 °C |
10 min, ¥ FHM:EH R EF T Amp (19 LB &K
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R, 37 ‘Cibk . M TaKaRa Bk £ BUA &
PSR, EcoR THEGY) IR SR J5 BN HiE i L
VKitE— L BHIE eprC FEPZAHH AR pGEM-T Easy
ES R NI SR D i T o S R ZA A IR T/ K £l F /N R
J¥o 53 HT eptC B HIAE PCR 47 14 i #2 02 75 &2 il 0
B ST AFTER AL

e 32 T 5 9% O 4 B pkk223 5RL, 4
pGEM-T Easy-eptC 5241 Ji ki #1 pkk223 FUAL 4351
H EcoR 1A Hind [l 47 3E§YT, 37 “CREYIS R .
I P BRI B B G P, KRS D 465 R/ 5 28 At oA T
Ja AT YIRS RIS 2l Ak o I B2l Ak 7 4 F-00 L koA
JoirfE s TADNA #4054 eprC FEH 2K 580K
pkk223 LI .
2.3.3 RIBEAKHA

PR pkk223-eprC Rk A E o i ik 43
EE AN E. coli DHSo, Y2 17T IR E NC28, ¥ 7] [K A
NC141 v, F-A7 8 1 BE G 28 o 7 Pt bk 3B 36
W5  BEHUTORL, PCR 3SR 46 A0 2 45 i 2, FFH F 4
WAE Amp Hitk LB AR ERIZORAE R
2.3.4 ELHE SHEE BAGEAR

Y& pkk223-epeC F2 TR B2 B 2 M T
MH W7 35 35 TR 37 Cl G712 h %
. 28 CLSI-MI100-2019 A5 {1 P9 7 i 7 e
XA pkk223-eprC 4L TR Y H 2 B AT 2K
E By MICEE ., BCRlkE A 1024 pg/ml £
TR 2R B MH PR35 55 380 B B 43 i1 E 5 B
256 pg/ml., 128 pg/ml. 64 pg/ml. 32 pg/ml,
16 pg/ml.8 pg/ml.4 pg/ml.2 pg/ml.1 pg/ml,
0.5 pg/ml.0. 25 pg/ml.0. 125 pg/ml # E Hi4:
EX

R ek B ASCRT 9 AR B & 0. 5 22 [QERLA, B
50 plL PUAE FFae HE Ry ok B SRR B2 14 G A U A
FNTCIE 96 LAk BRI 50 pL # B 5 R A
£ 96 fLAR T, BIPEXTRE A 100 pI MH K55, BH
XFHE R 50 L R RE RN 50 L MH K53, A
1WA o N1 O N [ 7 (9557 e B B W0 D B ) | = 57
Eefry 96 fLART 37 CAALIGFRAA i B 5 SR 16~
20 h, $EFRSEERJEMEEAE R, LIFE/INFL N 58 A 4 il
YT AE K B A2 vk 2 MIC A,
2.3.5 EHREHBEAN

MR 73 3R & T TSB Ky #e kb, 37 °C,
150 r/min R EEFE. 59 B BRRAE 0 YC G EE T

TIAE OD600 [E , I HIBr i i TSB 15 77 55 3 W
PEHT OD600 I Hzr 1, WL il 47 B 7 g 11 B T S
BIPEXT R A 96 fLI%E IR . FEA b3 546
28 CHrE X 72 h, W F 5¢ 5 F B bR AL 2
OD570 MOBAE . PRI IMA 250 pL 95% 2B,
P 22 R G, B G S BT A AR AR
e ODS70 {5, REAFESIIE 6 447 X% AL, B
SEYE IR AR EZE SD,

3 FRESWH

3.1 RiEFHEWEE

PTG A7 TRIFRZRTR 2 MIC {E2h 32 pg/mlL,
& TR R RN AR § 3T IR A7 Rk
eptC SR K IFalifh, 7 Bt K/NZ S 1 958 bp, 4
B 1R, % eptC FEH ve R A& pGEM-T Easy
L 4L E. coli DH5a. i 28 ) BT, #1147 # 7% PCR
SR A R . H 0 R BeR/ANZ S 439 bp, WK 2
o PRIV Y . ] TaKaRa J5ok 45 0 5] & 3%
TBUER 20 TR A SR, SR 5 A T BB D]  — SR H I R BER
/NZYSR 1958 bp, 73 —25 HIW R BeR/ING R 3 015 bp,
WE 3 FrR, BaB eptC FEFUEH AR T pGEM-T
Easy #fk I, % F 4 ORI 70 )7, 45 5L E 5C 8 41
AP T TR AT TEtk eprC BE P51 —3%, AT DLk
S

et FH 53 A 48 B3t 3R & 2 B pkk223 5T R, B
eptC-pGEM-T Easy Fl pkk223 #4535 47 XL
YI, a5 Kl 4 s . 8 B R Bebie festife , H
TADNA FEHEBREG eptC FER 2K 58k pkk223 %
Fend % Ky it pkk223-eptC Rk Ik

2000bp

1000
750bp
500bp

250bp
100bp

M. DL 2000 DNA Maker;
VKB 1—2: AT Bibk eptC Y3474
B 1 A7 H#k eptC A B PCR ¥ 3§ = M sl 2
Fig. 1 Purification results of PCR amplification

products of the eptC gene of strain A7
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M. DL 2000 DNA Maker; #kifi 1—9:
B PCR & 455 kGH 10 B3 R
B2 E. coli DHSareptC F40H # % PCR ¥ 3845 %
Fig. 2 E. coli DH5¢-PCR amplification results

of eptC recombinant bacterial colonies

M: DL 10000 DNA Maker; Jkiff 1~ 6. 5520 FURLipAEI 255 .
eptC FEF Fr BER/NA R 1958 bp. U R BeR/NAH 3 015 bp
B3 ke eptC-pGEM-T Easy
T4k EcoR 1 28y k& R
Fig. 3 Single enzyme digestion electrophoresis
results of recombinant plasmid EcoR 1
with plasmid eptC-pGEM-T Easy

Hi B

VKIE 1:eptC-pGEM-T Easy 8 41 FUki WEGTISE R |
H i 7 B eprC K/NZH 1 958 bp; M. DL 10000 DNA Maker;
VK 2. pkk223 ZARTUAFIILE AL . H % R Bt K/NZY S 4 554 bp
B4 eptC-pGEM-T Easy ¥ 48 i 5 .
pkk223 #HAK EcoR 1 #= Hind [[| S Es+n4E %
Fig.4 EcoR 1and Hind [l double enzyme
digestion results of eptC-pGEM-T Easy

recombinant plasmid and pkk223 vector

3.2 REHREWEK

¥ pkk223-eptC #4257 Wy it i vk o0 % A
E. coli DHS5a, b [T R NC28., ¥ [T [C # NC141
Je s BEAT R B O % 5P AR B BRE 5 AN L BE LT
7% SRBUTR EAT PCR, B R BER/NZ R 439 bp,
gERINPE 5 ik, PCR 45 HIESE pkk223-eptC 3
NIRRT R BB EA R

2000bp

1000bp
750bp
500bp

250bp
100bp

M.DL 2000 DNA Maker; ki 1~5:
T2 B SORL PCR 973 7= 4 5 Ukl 6« B X iR
B5 F4HFteg PCRy¥ER

Fig. 5 PCR amplification results of recombinant

bacterial plasmids

3.3 EHFEZHMEER B AR

FARHATZRE R B 2GPEA, 458 sk 1
PR, i CLSL b i, U0 177 FQ B NC28. K g #F 18
DH5a WZAEH £ B U (MIC<<2 pg/ml) . 711K
i NC141 2y Z A3 = BRI 25 (MICZ=4 pg/ml),
pkk223-eptC KIRBURTFLALX 3 N5 AW £
i B T2,

Fx1 SHEEBWHAMKRNER

Table 1 Resistance test results of Polymyxin B

WiH DH5¢ NC28 NC141
”}%iﬁﬁ <12 yg/nﬂ‘ 0.5 pg/nﬂ, 4 #g/nﬂ,
B <2 pg/mL 0.5 pg/mL 4 pg/mL

3.4 EHAEEWENE

Xof s 2 o A ER 2 B sl R A T A P RS L 45
N 6 Fr/R 22K B R U AR VD TG NC28 5
HH WAV RE T L R E S R . ZRER
IR 2GR VD 1T G BR NC141 45 H 5 20 1 14 28 W) 5
JRAE A 35 22 5+ (P<<0. 05)

4 BRETR

ZH R M 25 HLH K2 5 LPS iAo,
L-Ara4Nz¥ PEtn % LPS 473 M & 7] S22 K
R . EptC VR — R £ B i 7 i T L
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Absorbance(570nm)
=

0.5

0.0

6 NC28 15 NC28-eprC.NC141 55
NCLT-epiC ) JIBRIEE 0925 5 2 0.
Fig. 6 The difference and significance of biofilm formation
ability between NC28 and NC28-eptC,NC141 and NC141-eptC

LPS 34 74&41i » Thomas W. Cullen Z58F 57 K& Pl 23
T epeC FEH B Rk ] SECHLXT Z R R
(i 2P . FEASCH K 2R E B i 2y
R A7 HY eprC FEHFFEV TR E AN o ik,
T BN 2R B R 0T 25 P38 TO AR AL UL eptC
RIFEVD 1T B TR P 9 3 R R B invb 1 FQ B Xt 224
PR 2 (T 257 . Yanqun Zhao '™ SR 58 & eptC
FH TR WA SBE. coli Wt LK, B Z it 25 vk 1
K E. coli v EptC 2 11 C B i Ak 2544 38 it 47
THENT , & N HA AR as A O Rk A
SHUE. coli THEGPERIIE N, AR SCH eptC FEH T £
IRTAT S BOUD T LR i 245 PR 3G 0 i) Jis A AT R 5 2
Bl eptC FE K SNP 28748 FF AN &V 1] G B X 2 8 TR
B 2R A BRI

A RS A4 A7 2 338 5 200 TR X B A 3R T 244
SSRGS A B DI O R L AR B S T )
RIS . H AT ] A 4 BE AL
i AN YR BT » A4 0 1 I ol 2 AT 1 00 i 22 () 7 A
RAEFMIY . B AR AR R i R e 2
VR AT s HE B AR B R VD 1] TG R R A A=
VI R A mEAE Y. W TR e
I TE B 0 25 T 2L A A R BHE T AR R
2 Bl 7 AR 2 T R 0k A W B A TR B AR AR S
v, T2 B 1 A P RS BE O 2 i v, L IR 2
T DA RR G R AR Ao 3 UL eprC SR
i Rk AE— B RE R T LA B T AR W A R
EptC AfLIXT#EEAF 2 [ FlgG #H47 pEIN &4,
B EptC A] fg il i &4 FlgG 8 1M 52 0 v
] EG B 11 2 ) BB A A

Z RGBT 25 HL ] 5 B 4%, PhoP/PhoQ #

PmrA/PmrB Z 485K 58748 J& 220K T 3R T 24 1 £ 22

JR A Z — WA 5 R LW ER 74 £,

EptC W2 H 2z —, AL R4 B T 2

KR ZHLE] g W 7 RGN 2R R it 2

AR ST S AR .
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