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Sub-minimal inhibitory concentration of imipenem enhances biofilm formation of

resistant Acinetobacter baumannii isolates by affecting type [V pili
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[ Abstract | Objective To investigate the changes in the biofilm formation of imipenem-resistant and
sensitive Acinetobacter baumannii (A. baumannii) isolates under the sub-minimal inhibitory concentration of
imipenem (sub-MIC IMP). Methods MIC values were detected by agar plate dilution in both imipenem-
resistant and sensitive A. baumannii isolates. The carbapenemase resistance genes were amplified by PCR.
After the intervention of sub-MIC IMP, the biofilm formation was detected by micro-well method, the bacterial
adhesion was detected by colony plate counting, and the bacterial motility was observed by swimming, and the
expression of the bacterial type IV pili gene was detected by quantitative RT-PCR. Results The results of
carbapenemase resistance genes showed there were 10 strains of IMP-resistant A. baumannii carrying OXA-51
gene, 9 carrying OXA-23 gene and only 3 IMP4 gene. Sub-MIC IMP significantly induced the biofilm
formation, adhesion and motility of IMP-resistant A. baumannii, but no such changes were found in above
aspects in the IMP-sensitive strains (5 strains exhibited inhibitory effects, 3 showed no effect, and 2 presented
induction). Enhanced expression level of type IV pili gene was found in all the strains with sub-MIC IMP
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induced biofilm formation. Conclusion Sub-MIC IMP may significantly enhance the biofilm formation of A.

baumannit by affecting the IV pili related adherence and motility.
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PR 2 ST BRI 0 2016 47 4 [ 40 T i 25
R T < B S AN ST B0 I 55 R (imipenem , IMP)
T 2535 2 Rk 66. 7% , £ 40% B S AN Sl 5 1) e A%
€ & ( minimal inhibitory concentration, MIC ) & F
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FEPE R (B = ZE R ) S — i s 15 e 24 B A
112 5 Reikess FBA W (P E R
2y R BTIERE ) , SRR A ( EE DX B 3d B2 7 s B AT
FRNE]) ,MH 3% 32 35 0 LB 35 55 3L (b st b5 2B W0 4%
RABRT) , 4 b 55 (L [E Sigma A7), vKEER (H
BRINZR AL T A BRZ 7)), DNA I RNA $2 B0 ) &
DNA i [l 2 A 350 & (b at RAR AR R A
Al L BERE ( LW AE TAEY TREAMRAF),2 x Es
Taq Master Mix (3t FEA A PR FRAF]) L i
54055 & 1 SYBR Green Realtime PCR Master Mix
(RVEGT R IRA T s H 7R F ( H A Sakuma

sub-minimal inhibitory concentration; imipenem; Acinetobacter baumannii; biofilm;

KN B (E[E Thermo 23 w]) , PCR 43443 HL K
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121 BETHRA R R IVIP X 8 )T

B MIC 0 AN Sl AT i ) R 3R T i B S P4,
JUCE 37 CHEAEE TR . HIHEFP A PRICER TR 7% 4K
BRI LI 2 0.5 /2 [RHLL (24 10° CFU/mL)
IMP Fi A= BER K HEA T A% U AR B 5 I 1 mL i 2= 15 5% NI
H SRS I MH 85 38 BE 555, (il IMP 25 1) 289K 2 oy
H140.06 ~256 mg/L, i F 2 mH b ASCHS 7 B T
PR R & AN R IMP 1) MH 3508 P-4 I, 37 “C I
PGSR 18 ho MIC 45 3R 1332 5 ] M PR 512 30 28 o
Ak ¥ 2= ( Clinical and Laboratory Standards Institute,
CLSI)2015 4F R A 25U SL I I W bR e AT o Kk
Zr i ATCC25922 Fi4 4R R B Mo # ATCC27853 1E R 2y
TR TR R o

1.2.2 PCR YW ME T BRI 2526 AR
AT DNA S H Al Al 1200 & 1 B 5 2 3 IMP i 2% of
AEFFE DNA, ZIESCHR[6 — 7 ] & Uik 75 55 4 Tt i
243 A (IMP, VIM, NDM, SPM ., KPC , GES, OXA-23 |
OXA-51 ,0XA-24 . OXA-48 Fil OXA-58) 5|49 ¥%1, PCR
SR Z R 2 x Es Tag Master Mix 10 pL, FFiiF5149)
£0.3 wL,DNA 0.4 pL,3:#b5 ddH,0 £ 20 pL, §~
a4 .94 CTIAE M 5 min, 94 °C A8 30 5352 C Y
56 C Bk 30 5572 CHEAH 30 s; 3L 35 MG, FJm
72 CHEA# 10 min, $HE52EE B 10 wL PCR b P=4)
PEATEE AR BE R HL UK o YR M 7 ) 4 R B Al e e
s ) & 1 B 5 Il e i fk il Be, SR SliAk = )
R (R 57 2 A BR A W), U 45 5 AE NCBI
i BLAST %% & /% ( https://blast. ncbi. nlm. nih. gov/
Blast. cgi) 47 HCXH4M47.

1.2.3 ffLIEINE sub-MIC TMP Xof i) & A Sl A 1 A
WIREIE 1L RE ) i 15 800 S A Sl A T A B
FEPIH LB AR 1 000 i, S5 73 2 0 R4
A IMP ZEFRA , 25 1 X BREBEFLANA 100 L 7 B8 T K
FI100 wL LB 5335, IMP b HRZH RALINA 100 WL 7
BRI 100 wL IMP, fifi He25 Y & 9 B2 0 1/4 MIC,
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rRNA 5| %) )% 51 1 : iF 1] 5'-GCCTTCCTCCAGTTTGTC-3’,
2] 5'-TGTCGTGAGATGTTGGGT-3", 111 bp. >R 4
7 RNA SR G R B 2 AN ZAT R RNA JE
FOHREE . AR SRR G U 55 AR 1 4% ¢DNA,
SRI51T PCR 318, {#i ] Bio-Rad 5ZAf PCR Z&%:( CFX96,
Bio-Rad A H]) #47 SYBR Green | 5Z ,PCR W K % :
2 X SYBR Green 10 pL, | FifE5[4#1% 0.3 pL, cDNA
2 pL,ddH,0 7.4 pL, ¥Hi%F:94 °C 5 min, 94 °C
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TOT IRV SRR R A e AR R R E RIAW
16S rRNA JE [ (14 38 45 Sk N 3 % B8 L % 05— b 5k
o SCERIEA 3 IR,

1.3 %itF o
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2 HR
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RS R A B 1) 174 MIC {25
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C

M. AF:E; 1. Al71; 2. A172; 3. A173; 4.A174; 5. Al75;
6:A176; 7:A177; 8:A178; 9.A179; 10, A180
A:0XA-51;B.0XA-23;C.IMP4

El1 PCRYEHEFRHHHKETEFBHLER

2.3 sub-MIC IMP %+ &8 % RE5AFH & W I a4k
9 3% )

sub-MIC TMP X IMP Jii 24 T ik 1) A= 9 IR i34 A
BEFFEHE 2) . 2811 sub-MIC IMP X} 5 ¥k IMP
TRURRTR AR A A W BRI B IR, 3 AR I
YER 2 SRR EA B S
2.4 sub-MIC IMP *}#6 % R 5) AT 3 45 W 58 7 69 %5 )

sub-MIC IMP X IMP ffis 24 B bk Ao RS B 14 35 4 S 2
FEEF (E3) o SRTM, sub-MIC IMP % 5 ff IMP 4508k
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PRPR IR B PR BN A0, 3 BRER BN TSR, 2 #R R
AT
2.5 sub-MIC IMP x}#6 % R 3h4F 1 12 5 M 69 %5 vh
sub-MIC IMP 3 IMP Tiif 2 B R i8S PR A 517
SYER (3R 1) o SRIfiT, sub-MIC IMP X 5 #k IMP fUSEp P
iz shPERARERN 3 #RICEM 2 BREATESAER.
2.6 sub-MIC IMP 36 % RahAFH VA H LA KH &
R DA
sub-MIC IMP Xf IMP Jfis 24 P i 9 IV 2 5] = 5 PR 5%
A BEHIEN (B 4) o SR, BR T sub-MIC IMP
Xt A184 I A189 HEMKAYIVAIH BN L L HAIES
VEFRAN % HAth IMP SRR B b 5 PR 3R R A 1

&1 1/4 MIC IMP 140 8 R Eh#T &S Bh8E 1R R AT

(mm,n=3,x +s)

Wk SEXTHRAD  IMP ZRERAL || FiRk A EATERAL IMP AbFEY]
A171 5.23+0.15 8.60+0.20°||A181 5.67 £0.55 1.67 +0.45°
A172 8.50 £0.60 10.43 +0.50*||A182 6.80 +0.20 6.43 +0.25
A173 6.80 +0.30 9.07 +0.25%|| A183 8.67 +0.45 4.50 +0.40°
A174 8.53£0.40 11.30 £0.20" || A184 6.87 £0.31 8.80 +0. 30"
A175 4.53+0.55 8.37+0.45%||A185 5.40+0.40 2.07 +0.45°
A176  5.93 £0.35 10.07 £0.65%|| A186 9.43 +0.55 8.47 +0.31
A177 6.40 £0.30 8.23 +0.25||A187 6.57 +0.31 6.00 +0.36
A178 9.37 £0.25 11.70 +0.40%|| A188 8.53 +0.25 3.40 +0.50°
A179 7.57 £0.31 10.63 +0.55%|| A189 4.80 +0.66 7.47 +0.50°
A180 8.37 £0.25 10.90 +0.30*|| A190 9.10£0.30 4.33 +0.35°
a:P<0.01,5 =g Rt
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OIMP 4bFiZH

log CFU/mL
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A:sub-MIC IMP 2} IMP #2586 % R0 A7 £ 4 B £k 09 % h

1 ~10 % %) 4 IMP % 25 # #k A171 ~ A180; B : sub-MIC
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4 TFERT-PCRUELHEAFTHEIVEFEERMRIE

3 it

i K L 80% Ay 4R TR IR 55 AE WU AR G, B T2E9)
IS 14 ¢ L T A9 5 DAY 200 T AU 94 A K DA 3
IR A5 4 P AT LAk s T T 24 0 FN A T g% R SR I
di ' FEAME BN, AT LS EOH B By, R
TSP ELME TR o 68 R S iR I R A
VIR WL IR B PR 22—, HL B B B 250, a0
Tt 245 i 2 AN BT AT 8 A 400 B B o 4 I TRV 7 R
HORHRAME S . AHFSE & B sub-MIC IMP ] L)%
SRS 24 600 2 N ST TR A T A 0 R ) T G, AR 2 A48 TR 1Y)
Rl B RN G I 20 TR A% A2 Bl e 7, T 24 40 R n
TR, AR TG IRIGYT , D I X T 24 i 2 Sl AT
IR W AR EE e B IMP B TYRYT . XS T IMP %
i S R ZNFF I, sub-MIC IMP WU Z 3R 3R], (2 a4
WM EARAETE . BATCT sub-MIC HTH 25X F4E
YIRS 5 2, FE I R H o S04 ) 135 5 X Al
e R RS T AR & SO R TES S P8 NP0 N
BRI R 20 8 i A A W A I E A (H 2 A5 =
VEFIRRIE ™ o X Ff 22 5 0] BB SR i T B bk 1 25 S5
FE . AW kI 2) & sub-MIC IMP 52 1 fifd 2 A
ST B A= YIRS T B R 2R L R R RE Ay i 24 A
SIS H AN R B IMP AR BE R KA, (H IR 15
ST TR (R S PR 2 3 TR LR 7 AR S A
SEAEYIEIE U R i R 2R L P R i — 2P IE S

sub-MIC IMP X8 & AS 2y T 11 Kl B 15z 30 1 52 1
Y5 I B T B S B0 5 SR A — B, PR AN
A=W RS B TE 1855 A0 RS B Rz 3l DD AH O, J A B A

YIRETY B fe ) W B B 5 o SRS AN AT TR AR PR T
JRFIE SIPRS BB 7 20 IV BB B A A IE S &
BAE sub-MIC IMP fEFI T, AAE IV 8 1 B AH DG SE R 3%
IRIEIN FEREA A R YY) 3G . B A BFIT I
AT B RGP 25 ] BEIE L B N TR B S R i ek
PEHEAN B AW AT L AN, B RS R W B
TSI REVE SANE W BR MR BA SR
PR TR LA B g MIC, H5 e 4E I sub-MIC IMP #]
AEIH o e T PR 2R 75 A R R B R R A 3R 5K AT R )
VIR B A AL R RR 2E— 205 . WFSE 4R
B R AE A W TR 1 R 40 7 3 3h Y e s R R, ]
REBLA AW IR YT A A o

BEE LR 250 )32 B AN £ B , 40 1 1
ZYRANWIE & TE NG RIG T it R Ab T sub-MIC fy B
[P Z S o A 5T A B sub-MIC IMP X6 Tiif 24 50
TR S AT I EAA AN R VR T, S R 1 245 90 1Y
A PR PR T BB AR
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