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[ ZE] B8 RFR G A ZAH K Aemtax F MW X 5L EAHE (Polymyxin resistant and
Carbapenemase - resistant Klebsiella pneumoniae, PR-CRKP) #9385 £ itt % 46 H & & 25 69 %
R, A HAEH F A AR TR R AR . ik ISR 2019 F 6 A-2022 F 12 A d 3 E B
[E [ 15 R A7 A4 5 49 PR-CRKP 4 37 #4, il PCR 473 S H £t 2hdn X ey o 2 AR A
(mgrB, phoP, phoQ, pmrA, pmrB) F#7M & b3t 4% A 3% & 5% i+ 2 2 PCR (RT-qPCR)
WERAASHBFHBAAHBATRAETNESR. R PCR LML R 2T 37 #k PR-CRKP
mgrB KX 4 100%, @EHANREA LR EF A RE LA, pmrA. phoP #= phoQ 3 4 2 4
A, A 23 # PR-CRKP A4 pmrB R256G %, 1#H A160T %, RT-qPCR &R &7, Z45
HE MR 5 A 2h402 M mgrB. phoP #= phoQ ¥k kA& 4 £ 2% £ 7, 12 pmrB A= pmrA %
Heg kX ERMIAH LI EEF, 4it: ISKpn26 d94EN{E mgrB 9 kA& 2 F T4, phoP 5
phoQ A B At &2 X 2%, pmrA 5 pmeB & R 2 F, & 9Z4E AR #1E& mgrB # PhoP/PhoQ
AR RAEER, AmFERSHAE FA 2, 1S903B 4 A% mgrB 22 £ &% ®jvh, 12 phoP #=
phoQ # & X =5, Hib mgB RE LA LA A merB A3 £ R EFK, HHARAY R AKX
AMAIH], R TG A LAMAIERF R0 R E R SHE F 2,

[REiFE] SHA LD mgB; AaFEHME LEAE
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[Abstract] Objective: This study aims to analyze the impact of two—component systems on polymyxin
resistance in polymyxin—resistant and carbapenem—resistant Klebsiella pneumoniae (PR—CRKP),
providing a reference for the study of polymyxin resistance mechanisms. Methods A total of 37 strains of
PR—CRKP were collected from clinical specimens at the General Hospital of Southern Theater
Command from June 2019 to December 2022. The polymyxin resistance—related two—component
system regulatory genes (mgrB, phoP, phoQ, pmrA, pmrB) were amplified by PCR and subjected to
sequencing and comparison. Fluorescence real—time quantitative PCR (RT—qPCR) was used to
compare the differences in expression levels between the polymyxin—resistant and sensitive groups.
Results PCR detection results showed that the mgrB mutation rate of the 37 strains of PR—CRKP was
100%, including 8 types of mutations such as insertion mutations and point mutations. The pmrA, phoP,
and phoQ genes were all wild—type, and 23 strains of PR—CRKP had the pmrB R256G mutation,
while one strain had the A160T mutation. RT—qPCR results showed that there were significant
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differences in the overall expression levels of mgrB, phoP, and phoQ between the polymyxin—sensitive

and resistant groups, but there was no significant difference in the expression levels of the pmrB and

pmrA genes between the two groups. Conclusion The insertion of ISKpn26 significantly reduced the

expression of mgrB, and the relative expression levels of phoP and phoQ genes increased, while the

increase of pmrA and pmrB was not significant, indicating that this insertion fragment has a negative

regulatory effect on PhoP/PhoQ by mgrB, leading to polymyxin resistance; the insertion of IS903B had

no significant effect on mgrB expression, but the expression levels of phoP and phoQ increased. Other

types of mgrB mutations also showed relatively active mgrB expression, indicating that the expression of

the two—component system was not inhibited, suggesting that there may be other pathways or factors

affecting polymyxin resistance.
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Jiti % 7 B H 1 (Klebsiella pneumoniae, KP) & S &4t
DX SRAGE AL e ARG 1A 5 LIS B 1 22— 7T 51 R 2 ik
GEALFEM AR« BT PRk LR WA L35 1T f B A i
BEE AW O T E R R E AR

(Carbapenemase-resistant Klebsiella pneumoniae, CRKP) ,
Z K R CONIR T CRKP MR 5 — & K240, L4k
PR-CRKP ANWrker t, - iR 24 2 i 24 L #0308 15 35 5 M il
RIS BLOA AR mgrB PR 54 15 A2 5| il 4 70
B LR AT 22 R T 2 5 LR, P i A 2 ) R AR
FEAN RIS AL B AT A A 1S 5 2K (405 ISKpn26.
IS903B KM 4E) | IS 1 FKIRFM AL . WH 7 R 5
(two-component regulatory systems, TCRS, phoP. phoQ-.

pmrA K pmrB 55X % 5 22 [ T i 2 Ik i
LA BT mgrB Kk A 4 A5 F) /5 B 5 A0 X TCRS #EAT 6
VT, H AT 7T Y O A T A T X 2 R R AR 24 Y
EHLHIN mgrB U2 R RGN,  phoPQ T LM,
phoPQ E5 R4 EIT pmrD [H IS pmrAB, pmrAB [
S pmrCAB Al pmrHFIJKLM #4071 _E, Mg 5e
Xt 2% 50 SR i 2 ¥ (Lipopolysaccharide, LPS) {&1fi T
FEm 2. H T E A ST PR-CRKP 15 EZ 7R
mgrB % K RAFFN mer R T 25 07 10T, 0 AT AT
mgrB AN [F FRAF KA 7 R R W AH 43 R4 7E DNA F1 RNA 7K
- L RIRENE, D9 PR-CRKP i 25 L AT 52 52 (AR 5C S0 K04 -

1 5%

1.1 BFRRIR

AR B AR X LR B 2019 4F 6 J1-2022 4 12 H ]I
PR# Pk, K VITEK MS J5i i {X 1 Vitek-2 Compact 4= [ 3]
WEEW /31T & 400 % PR-CRKP, KR R f B i A%
Z R R/ NMIEWE  (minimum inhibitory concentrations,
MIC) , ZlER[F— & R AR AR IR E R Rtk e, 3L 37
B, T-80CLRAF. s R 2023 4F CLSI SCAFFnifE ik
AT CR R A R - 38 I 98 2 & 1A 18 ATCC 700603 [ 2

il

oy

PR KGR BUKY CRKP MRk (LP46. PS, ZHNE R
MIC<1 ug/mD) N3 IEHE#E.

1.2 4423 535

VITEK MS 4 H 3 Rl i 4 P i il bl R 48 (k E
BioMérieux A ) ; Vitek-2 Compact 4= H A 34T R 46
KMELE (VL BioMérieux A F) 5 ZEFF 1L (fH 5% Bio-Rad

CFX96) ; ZIRHIKAL (LHERAEARD 5 BURBUR X
(LEEHEARD  BPVERKE (BEEARD » AW

B:FI2H DNA 2BV & CRIREMBHEERAR)D s MF
B FZREICEAR . CAMHB Wiz (N il st E v RHy
BRARD » 2B R B 2580l QR R AR IR
/AA]D 5 2XRapid Tap Master Mix (Fg 5L i MEREAE MR A
BRAFD .

1.3PCR 0 22 Kl B 2 AH DT 24 55 1A

i F Primer 5.0 = & GenBank 2 [A /¥ %] (pmrA :
CP064174.1; pmrB: CP064851.1; phoP: CP063023.1; phoQ:
CP061399.1; mgrB: CP063008.1) # i34, FH i LT
P TR NG A RN, FIF SnapGene A5 il 4 7 &
EBR & 5L K 225 5 AT Eoxt, 43 A 24 25 DR R G AR 1 15«
HAK PCR 5175 W# 1. PCR RNRRSBIRE 2, RV
fF: 95 CTAL M 3min; 95°CAEME 30s; 58°CiR:k 30s; 72°C
SEAH Tmin; FEAEFR 32 ¥ 72°CIEAH 3min. PCR M58 G,
B2 w1 PCR P BEAT 1% IR B RIS HL Uk 23 A s BV 2R 1F A
HLJE 120V, IR 100mA . 7] 30min.

% 1 PCR 51975

Genes Primer Sequences
marB F: 5- GAGRTAYTGRCACTTAAGACC -3'
R: 5'- ACAACAGACCGACAAGCA -3'
phoP F: 5- GAAGGAGTTCCATGCAGTATGCGCA -3'
R: 5- TCGAAGCTAACGCTATAGCCCAC -3'

phoQ F: 5'- ATGCCGAACTGCGAGAAAGCCACAC -3'

R: 5- TCGATAAAGTCGGGCCAGTTAAGCG -3'
pmrA F: 5- GACTACCAGCAGCGCTACGGCATTT -3'

R: 5-TTCCCGTACCTCATGCTCCACATGT -3'

pmrB F: 5- TGATGATGAAAGCCGGTAGCCCGGT -3'

R: 5'- CGCTTCTCTTATCGTCCTGCTTGCC -3'
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# 2 PCR JR Pifk &
Component Final react}on Volume added
concentration
2 X Rapid Tap Master Mix 1X 15 wl
PCR Forward Primer 10 1M 2 pl
PCR Reverse Primer 10 oM 2wl
DNA template - 2wl
ddH20 - Upto30 ul

1.4 Tiif 22 K5 B FAH R R Rk 2 A U
W S NAR R N 3, W s Mgk 37°C, 15min;
85°C, 5s; 4°CLRFF. RT-qPCR Rl BH Rk &, SIHWIEk 4
Fins Bk RT-qPCR R FAE R L 55§ I8FE 7 BN
93°C 2min, 93°C Imin, 55°C 2min, 3£ 40 AMEH.
3 TR NAR R

Component Volume added
gDNA Clean Reaction Mix Ver.2 2 ul
5 X Evo M-MLVRT Master Mix 4 unl
Total RNA 500 ng

RNase free water upto20 ul

% 4 RT-qPCR 5| Y74

Primer Primer Sequence

F: 5- GTTGCTGTGGACTCAGATGCTT -3'

_merB
armer R: 5- TGCCGCTGAAAAACTGAACA -3'
Lop F: 5- TGCGTCACCACCTCAAAGTTC -3'
-pho.
ap R: 5- GAGATGTTCGCCCAGATAGTAGTC -3'
ho0 F: 5- GGCGACGACTCTGAGATGACC -3'
-pho
ap R: 5- GGTGTCGACCACCACAATGC -3'
N F: 5- GCAGGGGTTAATTCTGGCGATGC -3'
-pmt.
P R: 5- CGATAGCGCGGCTTCGTGC -3'
. F: 5- GGCCGTCGTCTCTGGCGATG -3'
-pmr
P R: 5- GGGCTGTAGCGGTGAGCATTC -3'
5 F: 5- GCCAGCTGTCTCAGTTTATG -3'
arpo R: 5- ACATACGCGACCGTAGTG -3'
# 5 RT-qPCR itk %
Final reaction
Component . Volume added
concentration
2 X SYBR Green Pro Taq HS
) d 1% 10 Bl
Premix
PCR Forward Primer (10 1 M) 02 vM 04 ul
PCR Reverse Primer (10 1 M) 02 uM 0.4 ul
RNA template (<100 ng) - 2 ul
RNase free water - Upto20 ul

1.5 Hm A2 5 4047

VL rpoB 2 AN RT-qPCR Y5, LA % 50 55 fH B ATCC
700603 AZEFk, HBEHLIEI 2 Pk R R UK CRKP
PESRTHE, A & S SR R R AP 4, BISR A
2-ANACT 3715 . #id GraphPad Prism 9.0 Al SPSS 26
SRR AR P R B A3 M

2 H#R

2.1 IR R

AR 2019 4 6 H-2022 4F 12 J3 A B i PR A5 A4t )
PR-CRKP 3£ 37 #%, FrARMAIIRMK 27.0% (10/37) | i

Jik il 18.9% (7/37) « 2408 16.2%(6/37) « HELJR 13.5%(5/37)-
SRR 6% (2/37) IR 6% (2/37) « Hfik S 1 3% (1/37)
B RARWE 3% (1/37) < JHIT 3% (1/37) « BB 3% (1/37)

T 3% (1/37) o RFERFNEEERSRAR 785 ,
FREE SR O ¥R, WIREL 3 KR L IR RPEIX (2 ¥,
JRREAMEE 28k , #E4MEE 28 , HABX Q) .
Hrb B & 78.4% (29/37) , L&k 21.6%(8/37), THHFE
%68 %,

2.2 WS AR R G HkE R RAS

Bl 5 R AR s K
37 ¥k PR-CRKP ¥J777E mgrB (58435, Hrb g 18 BRI
ISKpn26 (1200bp) &7 B3 N JF 5, 13 £t I 1S903B
(1066bp) EAIFIH N T, ISKpn28 4fi N ISKpnl4 i A
IS 5 Zjf (1065bp) FAN & 47 S SR RAT N L &R
(WATC) 5 33 M BB G R AL 2 1B % ST(Q 33 STOP),
-39 F1-129 £ G 25N T % 1 #k (-39 G>T, -129G>T) , %
A B ANEE . 37 ¥k PR-CRKP B #k ] pmrA. phoP F1 phoQ
AR ILRAL . #E pmeB 1, G 1 BRE AR ILE 160 47
WAL RANEEE (A160T) , 23 MRk HIIEE 256 fif
KRR NHER (R256G) . Ak L% 6.
® 6 ZHIWRMZHEE PCR 45 Rt

Isolate Type of mgrB Polymyxin MIC
pmrA pmrB phoP phoQ

number mutation value ( 1 g/ml)
nt 74 Ins

LJX01 WT R256G WT WT 16
ISKpn26
nt 74 Ins

LIX07 WT R256G WT WT 32
ISKpn26
nt 74 Ins

HBSI12 WT R256G WT WT 32
ISKpn26
nt 74 Ins

HBS13 WT R256G WT WT 64
ISKpn26
nt 74 Ins

HBS16 WT R256G WT WT 32
ISKpn26
nt 74 Ins

CGZ18 WT WT WT WT 32
ISKpn26
nt 74 Ins

ZXC19 WT WT WT WT 32
ISKpn26
nt 74 Ins

CEH21 WT WT WT WT 32
ISKpn26
nt 74 Ins

XZI31 WT WT WT WT 128
ISKpn26
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WAQ34

CXT40

WAQOS

GCJ22

GCI35

FBL66

CJH1018

WHC1004

CJH1008

XRX43

CRY60

7863

HRG26

LP36

YMS1006

LYZ71

WYS1007

ZTC1005

ZRP1016

XRX1017

XRX1002

XRX1024

HCH44

LHI1015

FYZ53

TXZ42

ZLL65

XZJ24

LP46

PS

nt 74 Ins
ISKpn26
nt 74 Ins
ISKpn26
nt 71 Ins
ISKpn26
nt 71 Ins
ISKpn26
nt 71 Ins
ISKpn26
nt 73 Ins
ISKpn26
nt 66 Ins
ISKpn26
nt 66 Ins
ISKpn26
nt 66 Ins
ISKpn26
nt 69 Ins
18903B
nt 69 Ins
1S903B
nt 82 Ins
18903B
nt 3 Ins
18903B
nt 88 Ins
1S903B
nt 43 Ins
18903B
nt -26 Ins
18903B
nt -26 Ins
1S903B
nt -26 Ins
18903B
nt -26 Ins
18903B
nt 76 Ins
1S903B
nt 76 Ins
18903B
nt 76 Ins
18903B
nt 131 Ins
ISKpn28
-39 G>T,
-129G>T
nt 51 Ins

ISKpnl4

W47C

nt 16 Ins IS5

Q33 STOP

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WwT

R256G

WT

WwT

R256G

R256G

R256G

R256G

WT

R256G

R256G

R256G

Al160T

R256G

R256G

R256G

R256G

R256G

R256G

R256G

R256G

WwT

WT

WT

WT

R256G

R256G

WT

WT

WT

WwT

WT

WT

WwT

WT

WT

WwT

WT

WT

WT

WT

WT

WwT

WT

WT

WwT

WT

WT

WwT

WT

WT

WwT

WT

WT

WT

WwT

WwT

WT

WT

WwT

WwT

WwT

WT

WwT

WwT

WwT

WwT

WwT

WwT

WT

32

64

32

32

32

32

64

32

64

32

32

64

64

64

32

64

64

64

64

32

32

128

32

=1

<1

2.3 LK B BRI 24 9 IR T XUAE 43 TR 4% 2R B IR R v 2 3k
BRI R

4 LP46.PS iX 2 FRZ Al B 2 BUK Y CRKP T NEUR(S)
41 5 HAh 4 23 3E4T ELEE, ¥ ATCC 700603 HIZIE1E NS k.

MR 7T B 2 Al B ILTE pmrA R IR IER BT
WHC1004. ZTC 1005 F1 HBS13 [f12i% B AK T Bus 41,
HAWEAR Y RBE S & T HURA; 76 pmeB H, FRATWE 3
K, BT REA WHC1004. ZTC1005. HBS13 il YMS1006
(IS EEAR T U S, HARRE AR IA 3y T HUR4,
{H pmrA I pmrB FiXEF SIS EEGTHHE L.

30+

20+

Relative level of gene expression

R R L
<

c 8+

=]

w

w

2

o 6

&

L)

2

a

k-]

T

27

[

z

5 oA

O PP EEE PSP O D Db D PP D et SRR B ©
O RN er s

&l 3 37 PRE M pmrB AR R IA B
7 WA AR RGARIE R RIEELER (mean+SD)

nt: nucleotide base; Ins: insertion; W47C: Tryptophan at position 47 mutated to cysteine;

Q33 STOP: Glutamine at position 33 mutated to a stop codon; -39 G>T, -129G>T: G

mutated to T at positions -39 and -129; WT: wild type.

Expression Expression Expression
Isolate Expression Expression
levels of levels of levels of
number levels of phoP levels of phoQ
mgrB pmrA pmrB
700603 1 1 1 1 1
Ins ISKpn26

LJX01 0.00+0.00 836+1.75 1.92+0.50 8.01+1.94 25.514+7.76

LIX07 0.014+0.01 6.00£0.15 1.46+0.10 2.3840.11 17.87+£2.40
WAQO8 0.00+0.00 7.814+0.33 1.724£0.22 3.26+0.41 28.11+4.55

HBS12 0.00+0.00 5.37+1.02 1.17£0.36 3.24+1.47 18.37£3.96

HBS13 0.00+0.00 0.44+0.09 0.0540.01 2.30+0.10 7.74+0.32

HBS16 0.00+0.00 18.3240.80 4.87£0.17 11.81+£0.41 43.0611.46

CGZ18 0.014+0.01 3.88+0.06 0.88+0.04 6.86+1.39 15.234£0.90

ZXC19 0.00+0.00 10.81£1.59 2.204+0.19 4.28+0.68 31.214+3.20

CEH21 0.00+0.00 3.98+0.23 0.9040.05 10.51£0.80 25.9143.66

GCJ22 0.0040.01 3.26+0.44 0.75+0.12 5.854+1.23 17.224+1.41

XZ7J31 0.00+0.00 2.68+0.32 1.06+0.09 1.9940.59 17.58+1.56
WAQ34 0.274+0.11 5.174+1.00 1.02+0.04 14.37+£3.98 20.24+1.52

GCI3s 0.2840.03 6.29+0.58 1.68+0.07 8.554+0.75 14.54+2.30

CXT40 0.0040.01 2.50+0.30 0.62+0.07 22744557 39.17+£791

FBL66 0.00+0.00 22214+7.90 6.23+1.10 7.96+1.45 36.0649.60
WHC1004 0.0240.01 0.66+0.10 0.0740.01 8.59+3.47 14.11£5.51
CJH1008 0.01+0.00 7.86+1.77 1.86+0.11 4.29+0.40 26.23+3.63

266

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



Basic Medical Theory Research

A AHE S IR ICHF R
H 75 eH 6 WA 1.0492025 4F
CERM: @3 | A5 ISSND @ 2705-1102(P) / 2705-1110(0)

CIH1018 0.28%+0.01 3.30+0.67 0.68+0.22 7.65+2.04 24.161+2.46
Ins IS903B
HRG26 3.441+0.11 10.53+3.24 2.37+0.38 5.85+0.27 13.37£1.39
LP36 0.000.00 2.20£0.20 0.56+0.09 2.43+0.30 4.98+0.64
XRX43 0.14+0.03 2.17+£0.42 0.50+0.06 15.47£2.30 23.31%0.56
CRY60 0.03+0.01 14.78+3.73 4.00+1.41 4.19£2.08 31.44+18.97
7563 0.90+0.60 6.18+1.84 1.07£0.29 3.46+1.29 21.31%12.14
LYz71 1.42+0.55 5.2940.35 1.51+0.34 4.58+0.10 16.00=1.14
XRX1002 0.19+0.03 5.274+0.80 0.72+0.27 3.44+0.21 17.78+1.68
ZTC1005 0.58+0.06 0.67£0.16 0.08+0.02 12.234+0.44 18.85+1.83
YMS1006 0.82+0.06 1.841+0.34 0.13+0.08 39.2240.86 27.77+4.99
WYS1007 2.49+0.28 6.10£1.09 2.26%+0.71 14.26+3.43 28.83+5.91
ZRP1016 2.95+0.15 9.24+0.65 2.43+0.22 7.52+0.34 23.70%2.65
XRX1017 0.12+0.03 11.59+1.34 2.85+0.13 6.75+0.35 35.734+2.32
XRX1024 0.41+0.03 5.754+0.52 1.88+0.66 9.91+1.18 30.58+2.13
Q33 STOP
Xz7124 1.16+0.04 3.97+0.32 0.62+0.06 2294035 10.94+1.21
W47C
TXZ42 2.29+0.12 6.63£0.66 1.63+0.18 4.99+1.89 20.96+10.39
Ins ISKpn28
HCH44 5.16+0.25 5.424+0.34 1.66+0.26 4.76+1.62 20.69+5.67
Ins ISKpnl4
FYZ53 1.77£0.70 2.78+0.62 0.86+0.16 11.78+0.96 36.04+11.84
Ins IS5
ZLL65 1.96+0.03 6.39+0.31 1.64£0.06 3.04+0.12 20.64%1.11
-39 G>T, -129G>T
LHI015 1.85+0.61 6.60+1.48 1.54+0.27 4.76+0.42 20.55+7.69
Sensitive
1.29+0.72 1.43+0.23 0.38+0.16 3.83+0.28 0.85+0.06
Group
504
c
o
o
5 40
a
*
[
e 304
[}
o
“—
o
@ 204
3
2
g 10
[)
'3
[
R AR R LT RN T R
O AR ARSI IRIIDIIS GG B 903%

Relative level of gene expression

w
o
I

s

o
L

(5
b

[
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—_
o

P 4 37 ¥k #k phoP AN Rk &

0

SIS eI

L

K’ 537 ¥RIE K phoQ HIXT K ik &

-
T T

WG

MEL 4 R ANE R RS (1) mgrB RAE, H: phoP.
phoQ Fix & & T ATCC 700603, {H7E phoP [ (1 AH X %
IR, N AT R AR AR T BUER A T7E S AT & IE, phoQ
HE TR (R AR R ks rh s v T BURR AL

FF AR H mgrB 932 AN} phoP Fll phoQ FKIA ik
175001, ISKpn26 A5 4H phoP K (23.46+9.43) T
UK (3.83+£0.28) £ EA HEFSFE L (P<0.05).
IS903B 2845 4H, phoP FE A (22.59+8.46) AHI T-HURK4H. (3.83
+0.28) K& EABASITFEE X (P<0.05) . ISKpn26 %
AF¢H phoQ E:F (7.48+5.16) A THUKL (0.8540.06)
Fik T AB G E L (P<0.05) . 1S903B AR phoQ
FE (9.95+£9.78) HHECTBUKA (3.83+£0.28) Fik EFFA
HHibFE L (P<0.05) .

mgrB-ISKpn26 241 (0.05+0.11) H mgrB #ixf %
BT (P<0.05) U (1.29+0.72) 5 1S903B 41 (1.04
+1.18) , BAEGARE L 1 1S903B A5 HUkA (1.29+
0.72) T4t 2 Y. mgrB-Q33STOP RAF (FEA Ny XZ124)
(1) mgrB FiA EARRK T BURAIEAR, T4 S VR 5 FhoeA.
ISKpn28 1 A ISKpn14 i A IS 5 K ffi A . W47C.-39 G>T,
-129G>T #4%H i T HUR A merB Rk &
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