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Correlation analysis betweenthe resistant phenotype and the bla , gene expression
in NDM-1-producing bacteria
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Abstract  Objective To investigate the correlation between the resistant phenotype and the bla gene

NDM-1
expression in NDM-1-producing strains, and provide a theoretical reference for the selection of clinical antibacterial
drugs. Methods The plasmid carrying NDM-1 was electroporated into Escherichia coli TOP10, and the minimal
inhibitory concentrations(MIC) of carbapenems on wild-type strains and electrotransformants were determined by the agar
plate dilution method. 7agMan RT-PCR was used to detect the expression of the bla,, , gene in carbapenem-resistant strains

and the effect of sub-MIC imipenem on the bla,,  gene expression. Results  Eight out of 12 NDM-1-producing strains

were successfully transferred into TOP10 by eletrotransformation. The resistance of electrotransformants to carbapenems

was similar with that of wild-type strains. There was a positive correlation between carbapenem resistance and the bla |

gene expression. Moreover, the carbapenem MIC values and the bla,, , gene expression of strains induced with sub-MIC

imipenem were significantly higher than those of wild-type strains. Conclusion  The resistant phenotype of carbapenem-

resistant strains showed a positive correlation with the bla = gene expression. The detection of the bla, | gene by TagMan

NDM- NDM-

RT-PCR could provide a rapid and accurate treatment measure.
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AT NDM- ORI 24 R 70 5 AR IR RO R IR 7T 164

B B4 8 -B- N BEHZ -1 (New Delhi metallo-B-
lactamase-1, NDM-1)F-2008%F f 57 Htj #L (1] — K = Bt
BRI, 20104 IE JE T 75 3% 0k, J5 2L 5T 4R
ERIMETZ oM T AR EFFAAFRBX, HFE8
B KCP I 245121, NDM- 10 B E B 0GB E 2 B
TRARHIKARRE ST, BRI bla ), T 2453 K RITAT 3R
R T B MICHE .«

bla,, BRI TR CEMAE S, LT
ki, BABEERERE ), BTN bla,, K
i 25 AR 2 RN 2 BN 2, BYH LR &, X
72t 7 ERPkR. HRTNDM-17E i HT A
A ERCONT . TR T B2 05 T 25 AT B RHE R 2
Witk R P F N “HPEAE” , mKRIATIER
PRI, DREAIT LR . BRI Rk 5T 2 11k
XTI R 2k 4% B 2 0 e REREME . R,
AT 5T AT BRI PR 23 25 17 NDM- 1l A1 B FHH 18 9
WEFERT G, W LT 24 Ok RS AL N FRUE TR AR, IR
Him25RA, i Sbla,, FEPHME.

1 #MR5E%
1.1 R EH

K175 B 14E362. 13E719. 13E208. 13E696
MIBTR, fifi % 78 %A% 13E22. 13E126/113E130, 3
RITEIRAT B 13E164,  RGHH 13E366, JENiA
B wP10164, &R S /K EYNKPOOL, 4%
E TR LRI R R 2R, AR A 2 E
i Carba NP/ i 5258 DA S i 75 85 s I 24 2 K PCR Y™
AP, AR TR Wk R bla,, FER .
LI AL 52 PR B TOP 10 H 22 55 = 22 B} 2 B J) & AR 20 4%
fefit.

12 FERAE%%E

G %55 g (imipenem, IMP). £2' 8/ . JEAh
HELR 5T r 0 F K IE R CEMBEARER AT ; Premix
Ex Tag(Probe qPCR)M AL A #2075 &0 T £ 449 T
FEOKIEVE IR AT, HMERNAFIZAL R &M Tt
HRRAENRHE AR AR, cDNAA KA &I T &
YL EMBCA R AT blay,, SIPERF
H5'-GAATCATTCCGCTATTGGCA-3', A JF 41
5'-TACGCCTTATACGCATCCGA-3"). #RItIRE 41
N5' FAM-TCGGCACCTAGACTTACGCATTCCAC-
TAMRA-3'H B e TAY) TR A A IR A 74 .
NanoDrop 2000 i & 43 5t & 118 T 5% [ Thermo
Scientific/A ], &P HL T i A SOR % 't 5 B PCRAUE T

% [EBio-RadAH], £ siEM AU T H A Sakuma /A 7] .
1.3 K x*
131 W25 R s b s i

¥t iiblay,,, BRI B TEVEH A T 10mL LBH;
FREE, 37°C. 180r/minR R 7R R . BLImLE
WIMA100mL LBX; 7R3, 37°C. 180r/mindfk % %
et B . R H Takara s w] (1 J5RE A 3248 77 &0 5 124
FANDM- 1 8 BRI 4T R DN AR ERZlAL, . SR e Jof kit
DNA HLUA AL N R I35 45 B RS2 S 4 TOP 10, Ha %%
i8IS E B IMP LB B AT Btk e, PRERH
Ve TEBEREAT blay,, T 255 KR 189 1 Carba NPy il Sk
K5, JFiEIE16S rRNAJE I 3E4T H AT 047 .
1.3.2 208 5 (37 # % (minimal inhibitory concentration,
MIC)3l &

R FH B0 1 AR A7 LU A B v AR W Bk 75 25 05 2R DL T
YT AR B AR . BT ZAREIMICH .
Y11 Y 28 B BT BRAG EL O B R PR, 37°C R RS 3R
TR K775 40 B 2 B BCH] 90.5 Mc Farland
RL(ZI10CFU/mL) WK, PRl 2 s M o ) #
o1 ~2 L B R 2 2 B PR A BEE B0 T 24 0 M- HL B T T
B, 37°C TFREIShE TS KA. LARHIR A B
ATCC25922 K% B 3EAT i 42
1.3.3  TagMan RT-PCRA& U 40 # bla, ., & P&

K R AR 2 7] B 21 T RIN A 35 PR 20 412 Bt 771 8 0
YA B RNAZEAT IR EL 464k, 285 F 2 Yo B v A
1% 55 Ji B  Jl PR 9K X RIN A A R R 4 P8 347 s B T 5
P53 H1. ¢cDNAF K HFirst Strand cDNA Synthesis
KitXfRNAJFAT W% 5%, Wi s e B sk . 42°C
10min, 30°C 20min, 99°C 5min, 4°C Smin. XM
EH, cDNAF=#H i A60uL RNase Free H,O,
BE], -20°CHRAF& o TagMan RT-PCRX MK &
(25puL): 2xPremix Ex Tag(Probe qPCR) 12.5uL,
10umol/LIE A Al [ 51 ¥ #%-0.5uL, TagMan Probe
1pL, cDNA 2pL, ddH,O%ME%25uL. %OtE EPCR
SNZAE e 95°C 30s; 95°C 5s, 60°C 30s, 404
TEER, BRSPS AR BEAT 9 AR, RS R S
AT 1 i I wEpRAE M 28, LL16S rRNAAN S
B KT B bk bla,,, BRI RIS E .

134 HEHENREIMNERUHE Y

RUHBRF 7 rh,  ASHE 70 X HERL R B v R P 10164
fif 9 &R i 2 /R B YNKPOO 1A 12 %5 B BTR )
NDMI 24 5 bt 32 47 4= 35 DR 28900 37 e s 40 45 #4404
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HER T SHME, Hk, K3k E R R
RN BRI A TAR b, 37 CIER A RE 77
R . PR R A T LB 1/4MIC IMP)H,
37°C. 200r/mind& %1575 12h, 4SR5 HL100uL B BN
FrEILBINZ (& 1/4MIC IMP)HT, 37°C. 200r/minfi
YR FR12h, LM TTRR 120 R 1K, EERFRE
048R, HOR RS 7 1 W w2 355 5 5 MICHE .
135 T-MIC IMP% 3 fblay,, 35 B &k 0 % v

FE3PRIMP 5 T i 24 18 By 1) B ik e o - T 35 I
M Bt AT B RE IR . B AN TR R VR B AT 10mL
LB &G TR i . B100pLid i3 7= N
9.9mL LBRAI%H137°C. 180r/minjZ % 751 4 5 34T
RNAFREL . SR J5HH TagMan RT-PCRJ5 46 3F.-MIC
IMPi%5 5 BRI 24 f5 Xt bla, FERERIR (RIFE 0
1.3.6 SRFFEpH

K HISPSS 17.0 AT G150 M. tF R BRI Dixts
™o BT BN 2 W kbla,,,, FEN R I B 5 IMPI 25
4 2 8] R A 5% 14 K ] Spearman#f 58 R £ 43#1,  TE-MIC
IMP% 5 W bk A1ET AE ¥R (Kbl R DRI IA 22 57K F A
SEREARGRE, P<0.05URZEREA S E L.
2 H#HR
21 FRwEEA LR

S 3RS T BTR. 13E719.
13E208. P10164. 13E126. 13E130. 13E164.
YNKPOO1 B # () L 4% . F BTR-NDM-TOP10.
13E719-NDM-TOP10. 13E208-NDM-TOP10.
P10164-NDM-TOP10. 13E126-NDM-TOP10.
13E130-NDM-TOP10. 13E164-NDM-TOP10.
YNKPOO1-NDM-TOP10. 1fj H A4k 1 2 R 223570
FEIRAFH AT . PRS0 45 R R IX e L A
THI=BEF(EI1), 16S rRNASERM 45 5 BoR i1k
TYIRNKIRAE, Wbla,,, Wi 255K RN %
IREETOP10, HALRLIN.
22 MICH & &

HRGRDE G B AR BT RZ

B IMICEE R NRN TR . AL T X Bk 75 B 07 2R
PUE 2V 25 R 5 B AE AR A M . EAT)
SXof Eb B 55 R 0 U e T H AR 3 A 254
2.3 TagMan RT-PCRA& M 48 H bla,,, F& &k %

TagMan RT-PCRE R WE 2R, 1200k T
TR AR M blay,, FEHRRIEARFE, X5HE
BRI 2R Wk Hbla, FEHERIL .

YNKPOO1-NDM-TOP10
\S

TOP10

[El1  Carba NPR%EE UKL FEAAL TP BESR Y S0 45 R
Fig. 1 Identification results of the carbapenemase types of
electrotransformants by Carba NP method

F1 I R (ug/mL)
Tab.1 The results of antimicrobial susceptibility testing (png/mL)

[CLZ3 Wk Es SRR et TR
BTR 2 8 16 0.5
BTR-NDM-TOP10 1 4 4 0.25
13E719 32 128 256 8
13E719-NDM-TOP10 8 64 64 4
13E208 32 64 256 8
13E208-NDM-TOP10 16 16 64 4
P10164 4 8 16 0.25
P10164-NDM-TOP10 4 4 8 <0.25
13E126 4 32 64 8
13E126-NDM-TOP10 2 8 32 4
13E130 4 8 16 8
13E130-NDM-TOP10 2 8 4 2
13E164 16 64 128 16
13E164-NDM-TOP10 4 32 64 4
YNKPOO1 8 16 16 4
YNKPOO1-NDM-TOP10 2 8 4 2
TOP10 0.25 <0.25 0.5 <0.25

ZSpearmanfF AKX AR BN, HIXRE
r=0.982, P=0, Hllbla FK7FESIMP21EM#H
ZIAFAEIEA R KR
2.4 T-MIC IMPHANE T 4 it 25

T B S AR A LU A B A IBTR . P10164 .
YNKPOO1 [ #R 4 T-MIC IMP#4:% S5 FIMICS: 3 &
7~ IMPYGIN T 40 B0 BL B 25 W0 i 241k, 5 = S5 Bk
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T B IS0 0 IMIC AR EE B A6 Pk v 2~4 435 (2) o
25 T-MIC IMPXbla,,, F& K 6%

R A 9O6 € BPCREE I -MIC IMPi% S
JEdE bla,, FEFFIESHERNZRE. SRE
w~, IMPER WM bla,,, FHFREEREST
74 Rk (P<0.01, KE3).

Gene expression

Strain

B2 BEEEKH LR bl R EIES
Fig.2 The results of bla . | gene expression in carbapenem-
resistant strains

<2 WE-MIC IMP 3 1l 5 BT B 4 2K 25 P00 40 1
IMICE: - (ng/mL)
Tab.2 The MIC results of carbapenems on bacterial strains
treated with sub-MIC IMP (ng/mL)

i BTR P10164 YNKP001
PAER

MO M] MO MI MO Ml
P fic s 2 4 4 8 8 32
KD R r 8 32 8 16 16 32
JEAb R 16 32 16 64 16 64
[ peca) 0.5 1 0.25 1 4 8

o “M,” RE “MIC)” , F/RT-MIC, HIMP; S AT HAMIC
i “My” AR “MIC,” , FIRTE-MIC IMP T 5 B HRMICTE

~
]

E3 Control
IMP-induced

W
1

*

*

—
1

Normalized fold expression
[\S}
1

04 s s ] e
BTR P10164 YNKPO0OO1
Strain
(*"P<0.01)

B3 W-MIC IMP Xt 4l blay,,,  FENZRIE HIEE
Fig. 3  Effect of sub-MIC IMP on the expression of bla\ = gene

3 Wie

FEASTIE 58 P 26 T A H 3 495 27 R BURE RN A
[, ZikThRet A 257, ISPREFALRTh, iR
RLAEAL SR 1A A AR SR P i R a5 . L4,
AL I 56 R Bbla, B TTIm I R 0 8 B
Bl N B 26 TR, 0 TS B AU TEbla, )
e P R EEAEN . SER AL R
NDM- 15 46 1 #k FIMPZ5 4 FIMICAE M\ 2~32pg/mL,
AR, P Wibla,, |, AT RERT BB 25
RAUBA BRI . 1M1 2 NDM- 1K £ J5UR# AL 2]
TOP10 /= i 25 ¥ B A7 B B A BRAR, U0 W UKL A7 AE
FO A E T T REAFAE S AR 25 BRE . ANRER ANEE B
A S T 24 B L L

£ TNDM- 1R s R 6 97 B Z 2w, B
blay,, HERFEEKN 7 ENOF Lt L, HAEE
3 9 2 TR G U R A0 5k DR R ) RS0S4
R MICH 2l i 2 (o 4 e i e, BoA R 1k
e HRE R ERR IR, T 3 DR I B A AR 1k %
B AR fa] LR BER-10, AT Tk FIREHE (TagMan RT-
PCRY/H Bibkfbla, | SRR SR, %07k b e
H1Z:(SYBR Green RT-PCR) LA = () REEET, A
W92 K Blbla, P2 o LA H 5 1 40
25, GG AN BRI 2 Albla | S
RIEFA BN . [F)IxF 30k 5 BR 75 5% 0 ik 1) 7
NDM-1 B #1555 KM, IE-MIC IMPH] DL 3 17 N
M FIMICH bla FENRIE, FERXFNDMEH T
AR, S A B SR UR 250, AR 2RI

W 0 R B AR S S LR 25T &

KT K IN TagMan RT-PCRE: M bla,,, HE
RILGE R GUMET 25 R BA B MR, HA
ARG DU Y Wt DR PR T RGN A T SR R MR
fISYBR Green RT-PCRIUFVEMEE &, T Al R PRI
RORIT IR, R A B 2K

£ % 3
[1] Kumarasamy K K, Toleman M A, Walsh T R, et al.

Emergence of a new antibiotic resistance mechanism in

India, Pakistan, and the UK: A molecular, biological, and

epidemiological study [J]. Lancet Infect Dis, 2010, 10(9):

597-602.

[2] HuX, XuX, Wang X, et al. Diversity of new delhi metallo-
beta-lactamase-producing bacteria in China[J]. Int J Infect

Dis, 2017, 55: 92-95.

[3] Zhao Y, Wang L, Zhang Z, et al. Structural genomics of



R E AR R A £ 20204E5 H 554585 5551

.481.

pNDM-BTR harboring In191 and Tn6360, and other bla,,,
carrying IncN1 plasmids[J]. Future Microbiol, 2017, 12(14):
1271-1281.

Sun F, Yin Z, Feng J, et al. Production of plasmid-encoding
NDM-1 in clinical Raoultella ornithinolytica and Leclercia
adecarboxylata from China[J]. Front Microbiol, 2015, 6: 458.
doi: 10.3389/fmicb.2015.00458.

Potter R F, D'Souza A W, Dantas G. The rapid spread of
carbapenem-resistant Enterobacteriaceae[J]. Drug Resist
Updat, 2016, 29: 30-46. doi: 10.1016/j.drup.2016.09.002.
Lee Y, Choi H, Yum J H, et al. Molecular mechanisms of
carbapenem resistance in Enterobacter cloacae clinical
isolates from Korea and clinical outcome[J]. Ann Clin Lab
Sci, 2012, 42(3): 281-286.

TRARH, T, R, 4. P206E BPCR KA ENDM- 15

(8]

(10]

BRIDT IR [I]. A B AR R 4= 3, 2013, 23(1): 133-135.
R AR, PSR, ST, 55, PP NDM- 1 B 2 0 B AT
BERMM B O AT 7 [0). P RAEAR G % &, 2015, 25(23):
4157-4159.

Smiljanic M, Kaase M, Ahmad-Nejad P, et al. Comparison
of in-house and commercial real time-PCR based
carbapenemase gene detection methods in Enterobacteriaceae
and non-fermenting gram-negative bacterial isolates[J]. Ann
Clin Microbiol Antimicrob, 2017, 16(1): 48. doi: 10.1186/
$12941-017-0223-z.

Kazi M, Khot R, Shetty A, et al. Rapid detection of the
commonly encountered carbapenemases (New Delhi metallo-
beta-lactamase, OXA-48/181) directly from various clinical
samples using multiplex real-time polymerase chain reaction
assay[J]. Ind J Med Microbiol, 2018, 36(3): 369-375.



