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Intermediate resistance development in Acinetobacter baumannii
in vitro and analysis of bacterial respiratory

WANG Qin-Qin CAI Xing-Dong WU Yi MA Hong-Ming HUANG Zhi-Hong
LIN Min-Juan CHENLi LUO Wen-Zhi LIAO Hua LIN Jia-Xin CHE Li
LIU Sheng-Ming*

Department of Pulmonary and Critical Care Medicine, The First Affiliated Hospital of Jinan University, Guangzhou,
Guangdong 510630, China

Abstract: [Background] Acinetobacter baumannii is an important pathogen of nosocomial infection,
which has attracted much attention due to its high drug resistance rate and difficulty in treatment.
However, the cross-resistance and the factors related to drug resistance of this bacterium have not been
fully elucidated. [Objective] In order to study the cross-resistance and the differences of respiratory
oxygen consumption between Acinetobacter baumannii resistant to meropenem or tigecycline and
Acinetobacter baumannii sensitive to them, Acinetobacter baumannii was intermediated in vitro with
meropenem or tigecycline. [Methods] Meropenem and tigecycline susceptible Acinetobacter baumannii
ATCC19606 was induced resistance in vitro, and sequenced PCR products of 16S rRNA of strains before
and after drug induction. The minimal inhibitory concentrations (MIC) of meropenem, imipenem,
tigecycline, amikacin, cefepime and levofloxacin were determined by a broth microdilution method.
Bacterial respiration before and after drug induction, expressed as oxygen consumption rate, was
quantified using Seahorse XF°96 extracellular flux analyzer. [Results] Through a 88 d in vitro induction
experiment, strain of Acinetobacter baumannii ATCC19606 resistant to meropenem or tigecycline was
obtained, respectively. Meropenem-resistant Acinetobacter baumannii ATCC19606 was still sensitive to
tigecycline, imipenem, and levofloxacin, but cefepime.
Tigecycline-resistant Acinetobacter baumannii ATCC19606 was still sensitive to all antimicrobial agents
tested. After Acinetobacter baumannii ATCC19606 was induced by meropenem or tigecycline
respectively, the oxygen consumption rate decreased, and the difference was statistically significant.

amikacin was  cross-resistant  to

[Conclusion] The use of meropenem may not only induce resistance to meropenem in Acinetobacter
baumannii ATCC19606, but also may cause cross-resistance of the bacterium to one or more other
antimicrobial agents. The oxygen consumption rate of Acinetobacter baumannii ATCC19606 decreased
after its resistance to meropenem or tigecycline, suggesting that the decrease in oxygen consumption rate
may be one of the factors contributing to the resistance of this bacterium.

Keywords: Acinetobacter baumannii, Bacterial respiration, Tigecycline, Meropenem, Resistance

it & N S FF 18 (Acinetobacter baumannii, Ab)
e N B Y T IR 2 — 5 | R PP ATLAR DG
Jili 58 | HrC K S AR DG A I I B | R R A 4
SR PR e U ARk, N 2R 2GS R
I FF I (multidrug-resistant Acinetobacter baumannii,
MDRAB)FIIZ i 24 i1 &2 A B 1 (extensively drug-
resistant Acinetobacter baumannii, XDRAB)AWTH
B ELAE H 50 R R A 4R, i 2 RO A % B
W, G RIGTT SR RXE, AR 38 2 5 R

(meropenem, MEM)FITH I3 & (tigecycline, TGC)
MBS AT HZEIN L, ERZHMERS, X
PIRRT R 25 115 8 J2 H TR MDR/XDR fifl & A
Y Ve A R vk = i (Y7 M we A ok 7/ 0T
Z A2 P B E A ST R 2y . E it WHONET
R X PR LBk 7 R M S 25 W R ] i
ANBIFF TR 25 G TAHOCHE 20 Ar . 45 R BoR ik
B RYUR 25 W) 5 B R BUR 25 a0 B- N Bt
JHEE . UM T i 28 N S B Y 28 =2 1) A7 7 52 ST
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1R R SN 00 B A BT R X T A 0 S
PO 25 Wt 245 I 02 75 3 B S 2588 R . T
Hh, WEFE K B T4l A% o0 ASORF B I AT LS 113
B PR 25100, SR, B8 R ShFT R 5 B R
BRI PR 2R AT 24 02 75 -5 P WA A A S 1 A
B,

BRI, ABIFFE S I 2 A Sk 1 ATCC19606
AT 5 B B e O N ER R RSN R TE 2, PCR
P RS RIS PR 16S rRNA JE I P 45 7
T PRV R 1 A I 35 5 T S B 2 R S A T
ATCC19606 XIE% 1w . WM . B
BIoK R A Sk Atk K Ae R R D B SE T I 2 Y I
AN & € & (minimum inhibitory concentration, MIC)
54k, Seahorse XF°96 2 il fied 1ot A S s 4 S0%F
55 BT AN TR IR A T 03T
1 RS H %
11wy
L1l E#RKIR

612 R EHFFIE ATCC19606 F145 = ZEBE K2fk
B & e 7 8 AVRHIF 58 BT B DT B8 g SR g 4 ol v
TN . KR A # ATCC25922 I 2R
AP ATCC27853 FH W [ 5 H 1 S0 28 L
FHECPY I
112 EZERXFFLEE

FB B IR R, AR 25 RHDA PR AW 5
BIPRZR M R S, WV I 250 e A BR A ]
Mueller-Hinton (MH) 5 % 3 . 995 1 FH &+ 19
Mueller-Hinton [ 7% (CAMHB)FI 4% % G RH PE H 24
gt ZERRCHERBHE (h DA BRZA R 5 PCR
Fr Y9 PrimeSTAR Max DNA Polymerase., dNTPs
MNP HE N4 DNA 32800 &, 5 H BEAEYEOR
AL EBRAF; ZR-D-#AR, FiFEA KA
YWHARARA A M BEASE SR, Jbr R AEY
FARA R 5197H 168 rRNA HEPR T H £ T
AW AR () By A7 BR A Wl 58 . VITEK2
DENSICHEK 41 7 Lt o A%, #g B 5 24 ] 5

Seahorse XF°96 il i 6 f AT SEHF I E AN, 28R
FHE (P ENA PR
1.2 FHi&
1.2.1 RIRMMERENE

K F i 1R 7 T 8 15 DN 2 00 2 O Bl F B XoF
MEM 1 TGC i) MIC ff, J™# 4+ B8 5 [ i PRS2 56
ZhRiEILZE 5123 (Clinical and Laboratory Standards
Institute, CLSD)IY#AE 7Ll T, KR A
ATCC25922 LR L MITE ATCC27853 b5
¥, RIHEE CLSI H MEM %S5 & (Ao M
JEEFIWTFR AT : BU<2 pg/mL, /=4 pg/mL,
Mif25>8 pg/mL. f T3 CLSI, 5 5 2 5 B
E P JR)(Food and Drug Administration, FDA) 5 [E]
BUiE YAy 7 272 (British Society for Antimicrobial
Chemotherapy, BSAC)Z:TC TGC XFASShAT A
HMEURE A AR UE , ABFFER ] FDA o TGC X
FFBARH A D A S BURE FSE AR DA T, AR AR BT D
MIC A2 BUH<2 pg/mL, *F4=4 pg/mL, it
2j>8 pg/mL.
122 ZLEMIMNEST AR

27 Zhu SEOFTEEST B vk, AT s, HAR
HBAF . (1) PRBUESE 1824 h LS RS 5
ATCC19606 B 7% , B EERC T i MH 35558 35807 ,
FJEPE R 0.5 ZIRTA AW, AT Y 240 BV B
1x10° CFU/mL; (2) H( 25 pL b iR BB W 4 il
T 5 mL & 1/4 MIC £ % B s 1/8 MIC £
WEM MH a5, iR A4 m ity
5x10° CFU/mL, 37 °C i35 24 h Jy 1 18, #&8eks
7= 518; (3) HL 24 h WHE IR MH 55375
Fa Bl £ 1x10° CFU/mL (2 (0.5 2 R H &
W), W25 pL PR IHEFN T S mL £ 1/2 MIC
XD HEEE 1/4 MIC IR MH HEFRkErd,
37°C THigR 24 h, SR S (4) HEW L
g, Wi ELER R, B EER TR S A,
B EER MRS A 1/4 MIC FF4R , B % 128 pg/mL,
BN E M AE A 1/8 MIC FFf, HZ 32 ug/mL;
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(5) o BEAFIE T & 128 pg/mL £ % K g E
32 pg/mL BN R WA TR 71 T A ARl E R
R IE TR, 2R 10 QDALY 24 1)
Rk s (6) PR BT 25 B 43 ) R 4 A
128 pg/mL EF ey 32 pg/mL BINH R AR
BEh R, RIS R EOA A TR E T 254k, AR
ST 128 pg/mL 38 % 1% p ifl 2 AN S AT B ATCC19606
MR ERR . T 32 pg/mL B INFRER (Y6 S A ST H
ATCC19606 1) %& & ¥k, 43 il DL &R 3+ &
ATCC19606-128 Ffifl 2 Az ATCC19606-32
FOR; (7) FaoE W 245 TR SR T PR A TR
Fs (8) MBRARA K ARSAER, FAR R SAHXIE
TR AP R EE BT (9) WERMPTEZ
YRR B AT BRZH 5 (10) T2 75 S 0 8 R )
FFIA ATCC19606 X3 &' Hipg . BN R . WHeH:
B ST | BR R B R A AU VD AL MIC A{HL
123 FSAEEHRNEE

DNA (¥4 B TR FE K 241 DNA 2 B
S B IEFT, 16S rRNA FER P 59751 A
Forward primer: 5-AGAGTTTGATCMTGGCTC
AG-3'; Reverse primer: 5'-GGTTACCTTGTTACGA
CTT-3'; 50 pL PCR JZJWfA&%: PrimeSTAR Max
Premix (2x) 25 uL, L. TG [4#(100 pmol/L)%
0.1 uL, #Hx DNA (20-100 ng) 2 pL, /il ddH,0 &
50 uL, PCR Sz 4514: 98 °C 3 min; 98°C 10s,
55°C15s, 72°C30s, 34 KAEH; 72 °C 6 min,
5005, K PCR FHIRAET 4 °C,

PCR 7= pkasig, DL H AR R Boik 34
S BHE o PCR P29 LR AR TAE W) TR (i) ey
A BRAFIIT o #4175 T 15 R AT 16S rRNA £E
¥ 8134 7 XS
1.2.4 = EIR G

2 B W LA FE 48K (oxygen consumption rates,
OCRs)F/~, F|H Seahorse XF96 4y fig it 4 il 52
I 2 A TG 4 B 9 OCRs AT i, LA TR IN
TV (1) £ % -D-#i% & (poly-D-lysine, PDL)

9% XF Cell Culture Microplate: 7Ef i A9HFL
JA 15 pL 1 mg/mL PDL, 7% T4, ¥ H WK
PDL, #RJ5F M 30 uL KEBaiKiIEE—k, B
Ak (2) & H 1.25 mL i SR 5 i i
FEH R (WS AT ATCC19606 ., 15 R EFF B
ATCC19606-128 K fifl 2 ANZfiFFHE ATCC19606-32)
SrERNE] 25 mL R MO AR SR A
37 °C. 300 r/min ¥53%, 5645 0.5 h M—¥K ODgoo 1H.,
SR I MR AN [7) PR A K 00 2 HE W0 B ] [ s, B
F| ODgoo 2970 0.3 (3) SRJG FK BB LE AN ODegoo
0.3 FiBER 0.02, 43 514m 90 uL iR H & T PDL
8% /¥ XF Cell Culture Microplate, 1 400xg &.0»
10 min, RJGHEMN 90 pL B9 M9 FEAREFR L,
(4) Seahorse XF°96 4t Jifl fie 1t A S Hh il 2 AU 24K
WE: A 6 min KN —KAIEHY OCRs,
1.3 HitFESHh

KM SPSS 13.0 SEitH i T 5i 27 o0 b,
BT SIE TG REAIT ¢ 5, KKK
0=0.05, P<0.05 WZERBGI¥E L,

2 GRG0
21 EXFTHEENBNARZFSHANGR
Wi 88 d 43 FH 26 B 15 B R IR 2% X i
ANEFFE ATCC19606 AT/ 2y, 453k 1
FIF 7R o 43 SIARAS T 128 pg/mL 355 15 g 1l 2 AN 5
FF I ATCC19606 F 5 ¥k (ATCC19606-128) X ifit
32 pg/mL BN 2 1Y 2 A SFF B ATCC19606
TEFR(ATCC19606-32).
22 FSHIEMAREKNEESER
B TR0 TR ARSEEUIE [ 4] DNA, PCR ¥4
16S rRNA JE[R I X} H: PCR p=#y A7 eIk (1 1)3F
W, 45 A DNAStar 258X 8 AN shiT
ATCC19606 ., fifl = A BT # ATCC19606-128 i
S R EHAFE ATCC19606-32 ) PCR #1474
16S rRNA FE[H F51 5 PubMed |- % A7 it 8 AN 5
FFE ) 16S rRNA FEFEJF AT X, 25 R BIR
ST 0 TR S SR BT R
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F1 ETEFHNENRZESMHMERZITE ATCC19606 B 5 MIC BY LLiR

Table 1 MIC of Acinetobacter baumannii before and after meropenem or tigecycline

P4 R Strains FREIEP HM MIC  iFREEP R MIC BSHEEMIFE MIC  FREHMHER MIC
MICs of meropenem MICs of meropenem  MICs of tigecycline MICs of tigecycline
parental strains (ug/mL) treated strains (ug/mL) parental strains (ug/mL) treated strains (ug/mL)

615 R AF I ATCC19606 0.5 0.25

Acinetobacter baumannii

ATCC19606

1% RBAF I ATCC19606-128 128 0.25

Acinetobacter baumannii

ATCC19606-128

]2 A FFF I ATCC19606-32 1 32

Acinetobacter baumannii
ATCC19606-32

B2 RS ATCC19606-128 Fff S AN EhHF B ATCC19606-32 43 )RRt 128 pg/mL 35 % 5w (80 = R i1 ATCC19606

R bR K205 32 pg/mL B IFR R 1 8152 AT IR ATCC19606 B bk
Note: Acinetobacter baumannii ATCC19606-128 and Acinetobacter baumannii ATCC19606-32 show stable strain of Acinetobacter
baumannii ATCC19606 resistant to 128 pug/mL meropenem and stable strain of Acinetobacter baumannii ATCC19606 resistant to

32 pg/mL tigecycline, respectively.

1 2 3 4 5 6 M bp

15000
10 000
7 500

5000

2 500

1 000

250

1 16S rRNA ERE ¥ 18

Figure 1 Amplification of 16S rRNA gene

e 1. 20 2 REHFFE ATCC19606-32 §Hi=#); 3. 4:
i 2 RENHFTFH ATCC19606-128 147245 5. 6. fifl S AT
P ATCC19606 §"#474); M: DL15000 DNA FrifE > Tt
Note: 1, 2: PCR products of Acinetobacter baumannii
ATCC19606-32; 3, 4: PCR products of Acinetobacter baumannii

ATCC19606-128; 5, 6: PCR products of Acinetobacter
baumannii ATCC19606; M: DL15000 DNA marker.

23 FERXXMAMED

D7 175 5 i 60 = AN S 1A ATCC19606 X 5%
B BN | R R . Skdntg . PRk
B R ZERRYEMN MIC ff, 458 8K
ATCC19606-128 XF B2 e hs rg kR AL
e RS AT A F AR A AR X Sk F ik fi 28 S
fit2j; ATCC19606-32 X} 3% Kipg . WHE RS . Bl
KRR ATV R RSk A 5 A7 Ak URCR 2
(F 1A 2),
24 FSHIRHAEMNRA OCRs MELHR

A3 E S NS ATCC19606 ., 15 A5
FFE ATCC19606-128 Ffl S A sfiFF 7 ATCC19606-
32 1) OCRs, JfHLHHIZ AZHF I ATCC19606 5
S AT ATCC19606-128 % fif] 8 A sh AT
ATCC19606-32 HJ OCRs, 5% @R 568 A5
B ATCC19606 AHEL, #ISARZFFE ATCC19606-
128 Fififl 2 ARSI ATCC19606-32 1) OCRs 4 i
ETRE, JFH2 AR ATCC19606-128 11
OCRs TR E, ZRHEAGI¥EX, WA 2
I 3 FRs .
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*2 ETEMIBNARFSHETIHITE ATCC19606 Fi 53 EEMEAY MIC B9 ELE
Table 2 Other antimicrobial agents MIC of Acinetobacter baumannii before and after meropenem or tigecycline

R B BRI  BERELE Sk P55 kA B RRTRER iR ROK S B R A

Strains BiHg MIC 15Fg MIC N5 MIC s MIC KEMIC KEMIC FYAEMIC #PE MIC
MICs of MICs of MICs of MICs of MICs of MICs of MICs of MICs of
impenem impenem cefepime parentalcefepime  amikacin  amikacin  levofloxacin levofloxacin
parental strains treated strains  strains (ug/mL) treated parental treated parental treated strains
(png/mL) (pg/mL) strains strains strains strains (png/mL)

(ng/mL)  (ug/mL)  (ng/mL)  (ug/mL)

WA <05 <4 <8 <1

ATCC19606

Acinetobacter

baumannii

ATCC19606

6 2 AN BT B 1 32 <8 <1

ATCC19606-128

Acinetobacter

baumannii

ATCC19606-128

o S AN BT 1R <0.5 <4 <8 2

ATCC19606-32

Acinetobacter

baumannii

ATCC19606-32

T B S R ST ATCC19606-128 Flfl & R sh#T I ATCC19606-32 43 H /R8T 128 pg/mL 35 B 55 55 B9800 2 R Eh#T 1 ATCC19606

FaE R S 32 pg/mL i 2 i AN S ATCC19606 FaXE #E.
Note: Acinetobacte rbaumannii ATCC19606-128 and Acinetobacter baumannii ATCC19606-32 show stable strain of Acinetobacter
baumannii ATCC19606 resistant to 128 pg/mL meropenem and stable strain of Acinetobacter baumannii ATCC19606 resistant to

32 pg/mL tigecycline, respectively.

500 —e— ATCC19606
—A— ATCC19606-128
= 400+
£
8 300
=]
=
% 200}
3
3 100
0 1 1 1 ]
0 20 40 60 80

t (min)

2 SR E ATCC19606 5 ATCC19606-128 5&
S % (OCRs)BY ELER (P<0.01)

Figure 2 Oxygen consumption rates of Acinetobacter
baumannii ATCC19606-128 were compared with
Acinetobacter baumannii ATCC19606

e B2 R BRI ATCC19606-128 Fn i 128 pg/mL 3% 1
B2 RS ATCC19606 FaiE #k.

Note: Acinetobacter baumannii ATCC19606-128 shows stable
strain of Acinetobacter baumannii ATCC19606 resistant to
128 pg/mL meropenem.

5001 —e— ATCC19606
—a— ATCC19606-32
= 450F
£
B 4001
o
=
& 350t
3
3 300f
1 1 1 1
250, 20 40 60 80
t (min)

3 #HIEREHHFE ATCC19606 5 ATCC19606-32 FE
% (OCRs)BY ELER (P<0.05)

Figure 3 Oxygen consumption rates of Acinetobacter
baumannii  ATCC19606-32 were compared with
Acinetobacter baumannii ATCC19606

e #EREFFE ATCC19606-32 FR it 32 pg/mL BNsrE
S AN SlFF I ATCC19606 Fot i k.

Note: Acinetobacter baumannii ATCC19606-32 shows stable
strain of Acinetobacter baumannii ATCC19606 resistant to
32 pug/mL tigecycline.
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3 Wik54iL

] & AN I AT TR 28 3 AR AN Wi b 4 2 0 TR 245 )
(ST, 25 2y, WF9E R WIR 220004450
AN S AN SR XS PR R A Sk ARkl |
il L IE I e B R A 2RI 3 A i 21
AT R 22 45 12 0] 11 56 21 5 1 B0 im0 2% % i)
SR ATCC19606 SEATARAMG 25155, 75
1308 26 2 B SO IR R 2 R E bR . HA
HPSEIG— B, m PRATCTR 2590 04 3 BE AN 1A 24 4 £
P25 5 B2 F i 24 B2 Tiif 24 86 2 AN A 78 1) T
B

AWF5EHFIF WHONETS.4 3404 & B
% B T 00 ol P 5 00 2 AN Sl TR R P /At g
ELH L SLA g . SLARntk)l . KR A A AR
RSN 251 AT FTAS BI45 R 5 ks
HABor—2, ME AT ATCC19606 22585 1
P I 25, A Sk fUntfl 7 A A ST 2, FX
INIRER | R . PR R A 22 SRR R AL T
HURIRTS . B2 A ZHFF T ATCC19606 L85 Nk %
VS 2ya, XSEP R W . PR A
Fr A8 B R S AR i AT Ak T BBUROIR 2 - SR 4 2R
Ponm IR | 56 % 5w 4 TS AURT BE 5 6 & A
SFFEX SE 2 B R 24, Rl e R BOLE N HE
— A E UM TR 251 7 R S ST 24 5 B R R AT e
TRIT S AT IR i e E A BUE Y 2 —,
B 5B IR S

IF1 i 2 R0 0 6 2 AN S AT v G 25 AL ] 32 2
577 - . Z BT SR . F23h M
R4 ALEARTRERGGEANBH . JE2HE
SR AEUON e i B R SR 3 B B e R 25 (0 HL
i) S EEAUSE D Y - DAY POt (o PR A P A i <
Ja B- AL FF P 14 B, 573 Sb— 2L 2K 11 41 Omp33-36
Tk LS FEUS TR Y2y e R
SHFF A FEGE L S RND B AME (resistance-
nodulation-division type efflux pumps)FtHl i ik
M HOG R E it 251, 4 &R R A

SIS AR H L EM 2", FA, AbeS E—Ff
5 Z M 25 A G A AMHEZE B 11 5T, s e A [R) 2001 9T
W2 25 1S 26 %0 B R 00 S R S FE T
X5 B B R i 2, I H S B0k A itk g 58 Ui 24 1)
ML T 2 — 25

Vilcheze S¢MF0 A AR, N- et
ZAR 5 S 0 I A5 o FH AT 8 Ao M i 5 A A R T
A TR, AT 00 ) S OB JR S 245 1 g 0, G = 2 AL
Tl A A 0 Y BE 28R menaquinol-9 (MKH2) &k
HESRIZ T Ik K AEVE D 54— T K B
T 7] 20 2 00 ] £ B T R AR I A B A T 41 o) L A
e, 17T 23S T 500 D0 3 Ao o 3 e R A R S At A R s )
ARBCANTE I H 1, BB 259 197 2850 20 T TR
SO IR B AT T AN A SE AT R, o A% i il
M2 5 & — R VAR R O, B 1%
14 4% (electron transport chain, ETC). %H F#
TR RSN I BB LK B 5T T 2 o FEOE B L Ak
FREEHIT ATP & sz . 5125 %
AR A % B IR R G AN TR] RO A i T
PA5 S 40 S WP W e ) FH 22 S A g s 1 FH A H
T2k, XA BT HEm TR s m el
I — it LARE S8R A R o AT 5% PR 2 AR 2y
FF TR 24 AT fig 15 HORE AR AH G Ll i LA SE B 1
=17 7 S VNP = A= NI I S S|
ATCC19606 RUFESE R, &5 5 o B S RS FF
ATCC19606 # X' H5 p sl B I = 5 2 M 25 2 J5
1) 24 TR Al FE R I R R, d B B2 R Sl AT TR X
5 5 1w s N ER R Y 25 5 R R R A AR &
P, DT AFE T I I R S0 T [ ] BB 2 B T 24 119
HEZ—,
Bigt: Bt d K5 F LK BRI IZRAR
EUECR R CE T
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