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Relationship between expression and antimicrobial resistance of RND

efflux pump of Acinetobacter baumannii
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filiated Hospital of Nanchang University , Nanchang 330006, China; 3 The Second A f filia-
ted Hospital of Nanchang University , Nanchang 330006, China)

[Abstract] Objective To detect the distribution of resistance-nodulation (RND) efflux pump system of Acineto-
bacter baumannii (AB), and explore the relationship between its’ expression and antimicrobial resistance. Methods

Fifty-nine strains of multidrug-resistant AB isolated from clinical specimens in The First Affiliated Hospital of Nan-
chang University were identified and performed antimicrobial susceptibility analysis, distribution of RND efflux sys-
tem of AB was detected by polymerase chain reaction(PCR), expression of efflux pump genes in different drug-re-
sistant phenotypes of AB was compared, relationship between the expression level and drug resistance was analyzed,
amplified products of RND efflux system were sequenced. Results Resistance rates of AB to ampicillin/sulbactam,
imipenem, gentamicin, ciprofloxacin, and levofloxacin were 93.2%, 94.9%, 88.1%, 96.6% , and 52.5% respec-
tively. PCR detection results of efflux pump and integron genes of 59 AB strains revealed that the carrying rates of
adeR, adeS, adeB, ade], and adeG genes were 81. 4%, 91.5%, 93.2%, 100.0%, and 61. 0% respectively. The
expression of efflux pump genes in different strains was different, expression levels of adeB and ade] genes among

gentamicin, imipenem, ampicillin/sulbactam resistant AB group and non-resistant AB group were significantly dif-
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ferent (all P<C0.05). There was no mutation or insertion sequence in the base sequences of regulatory genes adeR

and adeS of adeABC efflux pump. Conclusion

RND efflux pump system is universally present in AB, the expres-

sion upregulation of adeB and ade] genes in RND efflux pump system is related with antimicrobial resistance of bacteria

to gentamycin, imipenem, and ampicillin-sulbactam.
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if] & AN S #F I (Acinetobacter baumannii s AB)
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S FUAT P P 05 J5 B 22—, Xie S50 L 46 i
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PETEPR G K AB i T2 H i 25, IR 7 P& dinh
JY I e BE (e S o ) B, AB S K
b H 26 I 28 g ] RO AN AR B e iR 1 2
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multidrug resistance family, SMR) , £ 24§ 5 7% 14 fk
&% 4 HE R it (multidrug and toxic compound ex-
trusion family, MATE) Ml £ 2 5} {k N F # &K %
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BAMIE R G A 2L BV TR e A A O HoA K
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HEAT AR 19 48 78 5 25 B0 BT A TR AR O K W R A
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WR L VG AR/ Al B4 3H (TZP) L3k A At i (CAZ) | k1l
5 (FEP) | W e 35 (IPMD | R K45 2 (GEND |, %
fidg & (TOB), B N W & (CIP), £ AR ¥ &
(LVX) & J7 B e B o e (SXT) o 24 i 45 S5 1 4 b
Fie 35 [ I IR 52 55 % A o AL i 25 (CLSD 2015 4 fit s
WEPAT. B T2 AT EE SR AB A
TR R R AE 3 TS R 55 AN S A 1 S 13 TU, Y i 4
AR S AL R RE B VITEK 2 0 A A IX 43 1M
blaOXA-51 F[H R AB KR 4545 (1 36 8, X ok A1
PCR " HFF N OXA-51 LR B 4 AB,

1.3 % RFHHFH DNA 6941 & M Omega 24
Al 20 B DNA 2 B 7] & 09 48 1 20 B8 2 HO tk
DNA,

1.4 PCR ¥ ¥ PCR 35|¥H L Sangon & i%.
ARG 75 S g B W3R 1

F 1 il PCR B H 519 5 5 B ) R/

Table 1 Gene primer sequences and product size of general PCR
H N SIPFEI(57 -37) PP (bp)

adeB-F  AAAGACTTCAAAGAGCGG 623

adeB-R TCACGCATTGCTTCACCC

adeR-F  ATGTTTGATCATTCTTTTTCTTTTG 686

adeR-R TTAATTAACATTTGAAATATG

adeS-F ATGAAAAGTAAGTTAGGAATTAG- 1074

TAAG

adeS- R TTAGTTATTCATAGAAATTTTTATG

ade]-F GGTCATTAATATCTTTGGC 222

ade]-R GGTACGAATACCGCTGTCA

adeG-F  TTCATCTAGCCAAGCAGAAG 469

adeG-R GTGTAGTGCCACTGGTTACT

1.5 DNA F7 84 FF3R3E 1 DNA ¥ 51 3 i
1 Sangon | JF# J5 %4 NCBI GenBank Blast I&iiF .
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BRI R DA I8 B bR o 0 JHL R A A0 HE 2 R D R X
B AIAE .8 Bk AB 1 56 T MR X BT 24 W) 1Y T 2y
GERWFE 2,

|2 8k AD IR TR I PR LT T 24 ) B RS R

Table 2 Antimicrobial susceptibility results of 8 strains of tested AB to clinical commonly used antimicrobial agents

LR 7 SAM TZP CAZ FEP IPM GEN TOB CIP LVX SXT
AB4 R R R R R R R R R R
ABY R R R R R R R R S R
AB27 S S R R S S S R 1 R
AB54 S S R R 1 R R R R R
AB78 R R R R R R S R 1 R
AB79 R R R R R S S R R R
ABS83 S S S S S S S S S S
ABS85 R R R R R R R R R R
Rt 2551 A 5 S UK

1.6.2 & RNA ®E %M Omega 23 A 4 RNA 1.7 %itgsam ARSLmrh R AWM A kS

PRI & 1Y #AE 2D PR P I AR RNA, (i I R R
F1 AR RNA G EE L JF B0 RNA BEATHLTK
1.6.3  #AF (1) FRTT 2 LRI E DNA;
(2) UK 1 e ) B B 5 S0 - R ] Transgen 23 W) (1)
cDNA & Bt & A i cDNA,

1.6.4 % %% & PCR(RT-PCR) ¥ ¥4 # % % %
MK FEE POLE R PCR WA R K 20 L, AL 45
FLCNESI S A LR 3) 4% 0.4 pl, cDNA
BiHx 2 pL, Mix 10 pL,Passive Reference 0. 4 L,
M RNase-free H, O #b 2R, §7 38 %000 =25k,
—95C 30 s,1 MEH; 5 4 95C 5 5,60C
30 5,40 DMIGER . ARHE 200 1 Jr 0 B HEAT A
HLOACe=Ct HR R - Ct WZ KL, AACE=
ACtH 25k — ACtFRIER K .

R 3 YO E PCRWYIER 5197 51 K= 9 R/

Table 3 Gene primer sequences and product size of real-time

PCR

- 95| SIYFHI( -3 YK EE (bp)
16SrRNA-F ~ CAGCTCGTGTCGTGAGATGT 150
16StRNA-R  CGTAAGGGCCATGATGACTT
gadeB-F ACAAGACCGCGCTAACTTAGGT 67
gadeB-R TGCCATTGCCATAAGTTCATCT
gadeR-F CGCTCTAGTGCATCGCTATC 313
gadeR-R GCATTACGCATAGGTGCAGA
qadeSF TCGCAAAGCGTTTTATTGTG 175
qadeS-R GCATTTTTGACGGAAACCTC
qade]-F GGTCATTAATATCTTTGGC 222
gade]-R GGTACGAATACCGCTGTCA
qadeG-F TTCATCTAGCCAAGCAGAAG 469

qadeG-R GTGTAGTGCCACTGGTTACT

55 1) 7 L AT 481 43 B (GraphPad Prism 5 #44)
4 P<0.5 N EAGITEE L.

2.1 AB s RS HF & &t RSB R 59
AB FEk H T8 AR JLEE 9% B (NICU L 15 fk
25.4%) , Ok B T 45 & FAE Wy s (ICU, 11
B 18.6%0) FHZAMREA10 BE.16.9%) . 27. 1% 1
AB Sk B T HAh ICU G5 ICU K12 1ICU &
5 Bk PEIR NEF ICU 3 8.0 B4R ICU 2 B, #i 42
WEFICU 1 #). 74. 6% (44 ¥R Y AB Sk H F %,
HWOEH T (5 #£.8.5%) . 54.2% (32 ¥R) ) AB
%f SAM,IPM ,GEN,CIP,LVX #Jif 25, AB %} % i
BL TR 25 ) 1 TS 2417 100 L3R 4

F 4 59 Bk AB X FH B0 259 1 25 15 B0
Table 4  Antimicrobial resistance of 59 strains of AB to

commonly used antimicrobial agents

TEZY it 245 4k 2 it 258 (0
SAM 55 93.2
TZP 53 89.8
CAZ 57 96. 6
FEP 56 94.9
IPM 56 94.9
GEN 52 88. 1
TOB 43 72.9
CIP 57 96. 6
LVX 31 52.5
SXT 40 67.8
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2.2 ABZ S HREABAES T HLMER
59 tk AB ZAMHESE Sk 4 F 5L PCR & B K50 . 48
PR (81. 490 4T adeR,54 £k (91.5 %) #EH5 adeS,.55
FR(93. 2% #5417 adeB, 59 £k (100 %) #47 ade] .36
BR61. 0% #EH adeG, AB Btk 4 HESE B R PCR
PRIk RILE 1,

2.3 adeR % adeS kAN 4% A adeABC 4k
HEZE ¥ 56 ] adeR T adeS BT 3 7 51 k47 B
X534« AB 1B T Wk 5 AR E T AR 19606 1 3k B
H—BUHE 5 100 %0, A H 303 B 58 48 546 AT 9
ABRIE H bk adeR . adeS 3£ PCR 7= 43 43 I ¥
ZER LK 2-3,

(bp)

2 000

1 000
750
500

250
100

TE: 1 k38 3 Marker; 2—6 3K I 73 5| 4 AB i #f adeR . adeS,
adeB.ade] .adeG 1 [F B HEFR A

B 1 ABIMEREILE PCR P31 7= 1 i ik B
Figure 1  Electrophoresis map of PCR amplified product of

efflux pump genes of AB strains

2 AB BB adeR [ PCR ™ 858 70 17 45 5

Figure 2 Partial sequencing results of PCR product of adeR gene in tested AB strains

3 AB KB E KR adeS F: P PCR ™ i o Iy 45 21

Figure 3 Partial sequencing results of PCR product of adeS gene in tested AB strains
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2.4 s AGAAA AR RARTE R
JtaE i PCR X AB IR 55 B Bk Sbr o B AR 19606 i
7 F S AN R GEAH 56 R 3R 3K K F B A, 25 5 DL
#5,
2.5 EFHNHERARGEAA S mMA L EG XA
o 20 DA R BIL TR 24 W T 25 R AB 43 Ry i 245 41 %
AR 25 20 R P A ST AR AR ¢ A 36 0 T 1 AT S0t
43 #1 s GENLIPM, SAM fiif 25 21 5 E 1if 25 4 adeB.
ade] FEF W FE AL, ZF BA R E L (P<
0.05), WH 4,

adeB
15 1 8-
10 1
Bl
;:1\_]:
5 -
04
GEN
ade]
81 151

IPM

Fz 5  AB IR B BE 32 30 A HEFE 5L B 0 AH X 2k
Table 5 Relative expression of efflux pump genes in tested

AB strains

B adeS adeR adeB ade] adeG
19606 1. 00 1. 00 1. 00 1. 00 1. 00
AB4 2,34 4,22 10.73 7.24 1.25
AB9 2.67 2.19 14.91 8.71 1.34
AB27 2.17 1.91 2.24 2.28 1.56
AB54 2.14 2.25 3.78 3.35 1.67
AB78 3.23 2.67 7.67 5.34 1.57
AB79 2.21 1. 89 3.23 3.45 2.01
ABS83 1.07 1.67 1.57 1.54 1.12
ABS85 3.54 4.57 9.56 5.68 2.35
ade] adeB
157
10 I
5 T
o - -Q-l:. . e
5 o
e e e e
e
0 t
R
GEN PM
adeB ade]
8
6
R

TR Wi 2541 S A iU Al
4 AB FEZhHMIFRE S PG R0 L5 A0 R 25 PE Y 26 R

Figure 4 Relationship of AB efflux pump genes expression and antimicrobial resistance
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( multidrug-resistant

MDR-AB) & 5 B Be & Ye 1 20 SR i L IF 76 4

Acinetobacter baumannii ,

BRIFHL . A SCHT Y E 3 IMERGHLH R AB T2
i 255 AL 22— Bk 2 SR AT 3 3k A P A HE 5 0 i 70 dn
B H AR R EME A T MDR-AB, T 228 AB Y
Tiif 24 F AR AE W £ 3l A HE R G /E MDR-AB o i fE
FH AR SN 3 AB AS [a] i) i 25 3¢ A 5 40l 52 3% A
AR Rk R R AB it 250 5 E 3 SMIF R 5 2
MERRLR,

RND Z75 2 2l #F 5 8 40 B o 32 25 o 2 B
RIS R RS, T HAMER W BT 2 1% S HE
SR Ik B SRk AT A T 22 0 B TR 24 B HE S AR A
T 512 22 F iR 25 . RDN AhHEFE — fi% oy B il A 26
[ (MFP) \RND %2 & (1 . SME & [ (OME) = 3843
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ARG, Horh MFP i 41 5 N AMIRZS & B % 45t fa
A s RND &%z 85 [ HAT TR 25 9 18 5 3 30 i 4
JfL RS Y B 6 s OME 37 T 4 i b i, A fLIEE B Y
PEFR S 25 HE B AR e = b B R B R AL
T4, Hor RND #% 32 8 1 i R IE T E TR 1)
JoZAE AR N AT S R R AR . 7E AB i E
RIE L EMZ5H M RND SR % EE A ade-
ABC. adelJK. adeFGH. adeDE, adeXYZ, H 1 Xt
AdeDE,AdeXYZ #F 5% 8 /b, H 3R 35 Ko 2 4L il ik
KIWHRE . HETH AB SNSRI AT 01 i
B, A SCE T K RND #3281 adeB.ade] cadeG
ANHEZE ZL X, 43 i ade ABC. adelJK.adeFGH 4
AL AB P AETE NG B B 5 R B 55 Bk (93, 200)
AB #45 adeB H 5,59 # (100 %) AB 45 ade] .36
BR(61.0%) AB ## adeG, 7] I, RND 4 HER G 75
AB %3 £7 7F . Lopez % it 38 . RND 3 gl 41 HE
FRGEAEN VTR B T D R T L HERR 4 Py A
Wy VR 20 B 25 V- £ RN A0 8] 4 S S A O Y
A —EBFE s 2 RND 78 40 3 A 38 6 A7 76
Y A

S AF AR s AB T 2 P 5 RND ShHE 5 5L A
PR Z A 56 F A BE 5T DAl 0 T AR b Pkt 1 it 24
FRUA A 1 AB, K i HAS W) 0 HE 58 25 R i R 5k
Mt E 7 PCR B9 45 R0 Mok & AB Tif 25 AL 1 34E
WA FAIMERGEAGED] 1 HR A ER X — Rt
W2 25 0] 5 Z A HE R FE R A 6 H — Rl E 3
ShHER GE [\ B AT DL S 3 AB X2 R BT 259 R
MIC i b s 25 . A6 A BF 58 h &0 G2 12 o A
% ¥, GEN, IPM, SAM fif 25 41 5 9 fit 25§ 41
AB adeB.ade] Rk A L, 2 % H A %1t
R L (P<C0.05) , HLn 25 40 ¥ R B ok 22 g 2, H:
AT TR 245 s 245 40 S AR T 25 20 RND AhHE S 5L P 1
FKIRKRLEIWAE Gt %5 X, Chang % R34 , ade-
ABC S B9 3 B 358 5 & bE 1 26 L U FF R 26
TR T TR 2 N B 2R ST T 2 ) T T 24 A O L T
AB Xt & IR 25T 25 5 adeABC 8 abeM (MA-
TE) A 3¢, XF 90 W i T 28 Tif 25 55 ade ABC, adelJK,
adeFGH ,abeS(SMR) ,abeM(MATE) A %, % B-N
Mk 25 A E it 25 5 ade ABC L adelJK £ 50,

RND S E%E A ade ABC J& i1 T adeB 3£ A |
e adeR 5 adeS KX 43 51| g 15 19 5 7 98 15 28
adeR FENL B adeS X Wi R H 41K R 5 R G 8
Hle . g KW, adeRS 97 52 5 ade ABC (1)
b BE R M 25 VA 56 . ARBEFE P ade ABC A HER

B FE R adeR Fl adeS i HE 2 51 5 b o B bR
19606 Hy KL 7 51 — Bk ik 100 %0, & B R 28 A8
AP A . AT WA R AB BBk ade ABC 4b
HEE 19 Rk T+ I A& i H 5 adeR . adeS
1) R 2 A4 sl A AP A 5 |k S AT B AE A A AL .

SZ L AB i 25 BLR EE H 2 2% o RND 4
HERGi7E MDR-AB %3 £7 76 . RND S HE & 48
adeB l ade] 3 )RR KT E 541 H X GEN,
IPM.SAM T 25 P A % . ade ABC A1 HEZE 1) ] 22
G adeR adeS HPH R WA 54l AP 5, H KA
Tt i AT BEAFAE HABHLH
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