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Resistance mechanism of carbapenem resistant Klebsiella
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Abstract  Objective: To investigate the mechanism of carbapenem resistant Klebsiella. Methods: Thirty —six carbapenem resistant
Klebsiella were collected. Modified Hodge test, EDTA synergy test and PCR were applied to detect genes of ESBLs and Ampc
carbapenemases. PCR and RT-PCR test were conducted to detect gene of outer membrane protein Ompk35 and Ompk36 and their
expressions. Results: Nine strains were found by modified Hodge test positive. EDTA co —test results were negative. Carbapenemase
resistance genes detection results were all negative. Thirty—six strains of carbapenem resistant Klebsiella showed at least one f—lactamase

resistance gene. There was no deletion of membrane protein gene, and 33 cases showed decreased expression of outer membrane protein.

Conclusion: The probable drug—resistant mechanism of the Klebsiella isolated is the combined expression of the ESBLs and Ampc enzyme

and may decrease expression of out membrane protein.
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KIGBA IR 0.5 22 [OhRAEREI , FEFH A= R /K
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AT MH A b, fF AR 3~10 min J5, 7E°F- Al
) i b 56 % K (10 ) 48 F 5 i JC 1 32 Rl A Pk B
3~5 AT AREAE K ) 2 06 TR AR BB A R R TRV A AR
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IMP . VIM \NDM 3 F1; D 2% OXA-48; #)1% B Ik
JHe i ESBLs & AmpC i 25 5P, A1 45 TEM-1&2,
SHV-1,CTX-M ,DHA-1&2.

K AZ LRI DNA, PEATSE Y 18, 5]
Wi W% 1, VAR FR: Premix 12.5 WL, primerF 1
pL,primerR 1 wL, #iH DNA 2 pl, &K 8.5
pL, 3525 plo KW 4544 95 °C 12 min; 94 °C 30 5,63
C 30 5,68 C 3 min, 4L 25 PMEFF ;72 C10 min,
PCR /=¥ F1 DNA AR ifEnly 47 B AR 8 Jee v Uk , i
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e B e Ui W A AT, 4R U 2825 O R
THREDUFHEE B RNA B AR, DL 1% 0 3R B
EERC VKA RNA SEHeME . i85 5% cDNA 142 HK

FERSFE 8 TaKaRa PrimeScript RT reagent Kit 33477 &
VLI HETT. ] SYBR Green Z&EHG mRNA 5
% :2*SYBR Premix Ex TaqTM 12.5 uL, b FiE5|#9
% 0.5 wL,cDNA 2.0 wL, DEPC 7K 9.5 pL. W 5544
95 °C 10 ;95 °C 155,54 °C 11 5,72 °C 22 s fEH 40
W BRI BE 3 AL, EEN 3 K mRNA
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Tab1 The primer sequences of carbapenemases, ESBLs and Ampc

HN#HPR IR JPHI(5'—3")
KPC KPC~f TCTGGACCGCTGGGAGCTGG
KPC-r TGCCCGTTGACGCCCAATCC
IMI IMI-f ATAGCCATCCTTGTTTAGCTC
IMI-r TCTGCGATTACTTTATCCTC
SME SME-f AGATAGTAAATTTTATAG
SME-r CTCTAACGCTAATAG
GES GES-f AGTCGGCTAGACCGGAAG
GES-r TTTGTCCGTGCTCAGGGAT
NMC NMC-f GCATTGATATACCTTTAGCAGAGA
NMC-r CGGTGATAAAATCACACTGAGCATA
IMP IMP-f TTGACACTCCATTTACTG
IMP-r GATTGAGAATTAAGCCACTCT
VIM VIM-f GATGGTGTTTGGTCGCATA
VIM-r CGAATGCGCAGCACCAG
NDM-1 NDM -1-f CAGCACACTTCCTATCTC
NDM-1-r CCGCAACCATCCCCTCTT
OXA-48 OXA-48-f GCTTGATCGCCCTCGATT
OXA-48-r GATTTGCTCCGGGCCGAAA
TEM-1&2 TEM-1&2-f  CATTTCCGTGTCGCCCTTATTC
TEM-1&2-r  CGTTCATCCATAGTTGCCTGAC
SHV-1 SHV-1-f AGCCGCTTGAGCAAATTAAAC
SHV-I-r ATCCCGCAGATAAATCACCAC
CTX-M CTX-M-f GCTTTATGCGCAGACGAGTG
CTX-M-r CATTGTGCCGTTGACGTGTT
DHA-1&2 DHA-1&2-f  TGATGGCACAGCAGGATATTC
DHA-1&2-r GCTTTGACTCTTTCGGTATTCG
Ompk35 Ompk35—f GGATGGAAAGATGCCTTCAG
Ompk35-r CATGACGAGGTTCCATTGTG
Ompk36 Ompk36—f GGGAAGAATCGCACGAAATA
Ompk36—r TCTTACCAGGGCGACAAGAG

RT-ompk35 RT-ompk35-f GCAATATTCTGGCAGTGGTGAT
RT-ompk35-r ACCATTTTTCCATAGAAGTCCAGT
RT-ompk36  RT-ompk36—f TTAAAGTACTGTCCCTCCTGG
RT-ompk36-r TCAGAGAAGTAGTGCAGACCGTCA
RT-rpoB-f AAGGCGAATCCAGCTTGTTCAGCC
RT-rpoB-r TGACGTTGCATGTTCGCACCCATCA

RT-rpoB

2 R

2.1 R Hodge X3 % EDTA HrFXBELR 36
PRBI T 4 T 25 50 B A T 2 B Hodge 103547 9 #k
R  Sas T BE AR B T B . EDTA BRI
BBt AR A Jm e (18] 1)
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Fig 1 The results of modified Hodge test and EDTA synergy test
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Tab2 Detection of drug resistance genes of carbapenems, ESBLs and Ampc

2.2 B FEWEE ESBLs & Ampe B B th 45
R 36 MRBkTT BT 2 48 vl B AN B T ik R
LR FBE A R B &Y D BUEA S B, FEA TEM-
1&2.SHV-1 .CTX-M .DHA-1&2 ) BHPE#S: H 243 51
N 16.7% .58.3% 44.4% 1 12.2%(Fz 2)., 36 Bk 5
ST 25 e TR 2AE 1R B BRI 25 3L A
23 $MEE G AR ompk35ompk36 # L 36 1k
TR R TR 245 i 98 5 76 11 ) TR /AR 11 Ompk35 K&
Ompk36 JEF PCR 4558 /R 2T Y FHE .
AT I, 2% 36 RREA TR K& A P RR SIS AR 1 R Y
R (E 2),

et P o A j E;%%?h’% FSBLS : A Ampc
AR B! D %Y TEM %! SHV #! CTX-M %4 DHA %

1 A5744 fili 7 - - - - — _
2 C5275 it B - - - - + ¥
3 (3204 FERR T - - - - + _ .
4 C5706 Jiti o - - - - " .
5 A5011 Jii . - - - + " +
6 €2008 FERR T - - - - _ _ .
7 A5354 fili e - - - + - _ _
8 5332 Jiti 5. - - - - - + +
9 4807 FERR T - - - - n _

10 A3107 fili e - - - - i ¥ +
11 2800 FERR T - - - - + _ _
12 A230 i - - - + + + +
13 Cs5111 FERRE - - - - + + +
14 C5725 i o8 - - - _ N 4 +
15 6221 Jili 5 - - - - _ N .
16 A5107 fili e - - - - + - _
17 4096 FER B - - - + - + -
18 2796 FPERR T - - - - _ _ .
19 C5713 it B - - - - + - +
20 6948 FERR B - - - - + n +
21 4580 Jiti o - - - - " _ .
22 C5733 it o - - - - + - ¥
23 A5947 Jili 5. - - - - + .
24 (2367 AR - - - - _ _
25 A5946 it o - - - - . _
26 5027 FERR T - - - - + _ .
27 A3814 Jiti 52, - - - - - + -
28 C4644 i 5 - - - - _ _

29 A2155 Jili v - - - - i - +
30 A6047 fili 7 - - - - + - _
31 6431 FERR - - - - _ _ +
32 C5119 FERR T - - - + _ _ .
33 C4916 FER - . - - " _ .
34 6693 FERR T - - - - _ _ 4
35 C5104 Jili 5, - - - - + _ .
36 C4604 FERR T - - - + - - -
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Tab 3 The expressions of ompk35 and ompk36
ompk33 P Ompk35-2-244 Ompk36-2-44%
ATCC13833 1 1
ompk36 1 2.17 6.59
2 1.32 0.94
M :marker ; +: FHPEXS BR; 1~10 270 BHPE 3 1.28 12.16
E2 SMEEEEE ompk3s/ompk36 i 1R FKE 4 1.04 .88
Fig 2 Detection of outer membrane protein ompk35 and ompk36 3 0.01 1.33
6 0.06 1.05
24 SMEE G AR ompk3S/ompk36 FE 5 AL 7 0.64 0.01
R 36 bk CR-FUTAAR SMEE T ompk3s £ ° 046 001
- - 9 0.86 0.45
Fakie FREIA 25 191(69.44% ) , AMNEZE I ompk36 0 . 073
FLR LR E TFREAA 21 141(58.33% ), [R5 776 7 11 0.02 0.85
FhILIH F R B RREA 15 B1(41.67%), %A F£ik 12 0.48 7.02
R RRIA 3 491(8.33%) (I 3,4 3 ). ; - 00!
14 0.83 0.81
. 15 0.86 0.82
16 0 1.14
17 0.01 8.22
A 18 0 0
19 1.04 0.04
e 20 0.65 2.18
21 1.52 0
22 0.35 3.53
23 0.54 5.75
e s 24 0 25.79
25 0.36 5.54
§ 26 0.09 0.72
27 0.04 1.45
28 0.44 1.63
29 0 0
30 0.04 0.77
31 0.11 0
32 0 0.32
33 0.36 0.09
. 34 0.07 0.37
35 0 0.09
36 243 0
r 3 itig
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Al It I S AT R i A AL, HHXT ESBLs
R
jf* J Ampe FFRE A R0 AH R R B2 K &
;;\ . BTS2 B e I AR
..f"*:w’bﬁd:rﬁbsz&-:ﬁmsﬂ_éff \ e Y 5
f - P R L 25 T @™ =, 2014 4F: CHINET 4
: PN 2R TR, AT B R 20 R X ik 7 2 S

A. Ompk35 M N Z A ropB §#4 I1 4k ;B. WS HE A ropB (/2) J¢
ompk35 (47 ) FERE R INEL ; C. INSEEH ropB(ZE) & ompk36(47 )L
iR

B3 SMEEEEE ompk35/ompk36 EE5HTE

Fig 3 Outer membrane protein gene ompk35/ompk36 quantitative

analysis

VUG 2520355 10%, Tli2e i g (A w v 25
BB SO Ry ra T 25 R T 109%7,

ARG 45 R B, 36 MRBk TS B T 285 0 B 1A
R IRIESLE T, MR Hodge i56 9 Rk M FHYE,
EDTA P [EREE4 R B, Rk i 4 g i 5



5 6 1] WRIFIT, A5 BT R il 245 o o (R T 25 HL 541

955 B RE DR RGN &85 5 7,3 28 9 i DL i B 7 B 0
it i} 245 56 PR 35 R [ 1 o k1 MIHT B T 7 2 M il
SEPRIIE A BRI — B4, FR A1 2% SR AT RS A
(1) 1% 9 Rl &0 24 5 6 11 TR ] e ™ A HoAfth A
el s R, TR B TR P R E R DL R
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i AriZ 36 M i 5 i 98 v 7 {118 4 7 ESBLSs B
Ampc BEAETEIGOL. 45 WoR: 77/E ESBLs 1) TEM
T 25 36 K R R Ak 6 151 (16.67% ), SHV it 25 56 A
BIRk 21 191(58.33% ), CTX-M Bt 24 K & bk 16 1)
(44.44%); 77 Ampe BT DAH i 24 55 R A% T ik
26 #(72.22%) .. 3% 36 £ CR-fili% e T 2/ A7AE
1Al B PAEREEE 25 B 08, AEAE 2 Bl S AT 24 25
PIPAPR I7 61.11% , 3% LG E/RFRATT H H 43 2315 2]
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[ 45T 22 PR 2L PR ik — PG 5 SRR T AR,

2 B FIME L A AE 3 K ) 24 438 T 2R R R
HMEE L, B — AP AR R Y B A R Y K
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P2 o SO B A TR B R v R A0 i, HOGHEVE
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PR TR CRE BARE =25 k5 B 0 P B 25 i
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i ompk35 & ompk36  [1FRIA 4 N AT
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FERBEA T 1, 4550 oK 36 ¥k CR—72 1A SMEK
M ompk35 Mompk36 HEFY L FAYE A kA
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W% ompk35 & ompk36 mRNA & i , MR Z 1 E
B FRRE, XM IR RBEE R,
HEHRREE, 36 Pk CR-wHAWE T, SMEE
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