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v 2y 2 Bl Dl 199 gl 55 R 2 ik Y CRKP (4R 50400 1 1 K
PLIRIWEAR

FraF P mEe, 2 Eak (1L MERCEMNE S TERE, | 5107005 2. 7 M BERA - 4 3G 5027 e
7 510180)

O E: BN KR ESSmwIrEath ey at e B £ K 2 E 10 H (CRKP) 694K Sh 4 EAF R, 1 9 3 A e 4738 38 51
HR BRI CRKP X B F 098 E . ik RAME R AHE R RN E-F CRKP AR/ 1 4k BAA1705 34 % e 2R &
it 2h 3 S A, St B S R AR A B R R PR R AR O RS AR R 9 26 3K R 49 AR AR B R JE (MIC) SF 3t
HBr 53 ¥ E (FIC) 5 4 % & 52 8 2 % PCR(qQRT-PCR) 5474 A 4L 2247 /5 oM #E R AL B AcrB 89 & 32 &5 ¥ H9 6G 914k
RIEIREIHER B, R A TR TBAAITOS SMHER P4 XIS R B R AR B A BAWH RI 2 Rt
HFICHEA 03752, BRFEHRLHMERERSEIN LA RN, QRI-PCRZER B+, FA LB M AcrB R T £ 2
40 32 20.(0.018 £ 0.002 vs 0.040 +0.001), B A A 25 20 49 AcrB 7K F(0.009 +0.001), RamA 7K F(0.184 + 0.003) ¥A & MarA
7K F(0.013 £0.001) 39 1& F . 25 4 48 32 20.(0.040 £ 0.001, 0.387 £ 0.016, 0.125+0.007), %1 ActR K F & F £ 25 4 4 28 48
(0.388 +0.001 vs 0.288 +0.001), £ F LA %t 3 &L (t=12.28 ~47.12, ) P < 0.05); EAM L H MR EMFTEA A
AN HE R E IR T R 2 B A2 69 T-BAA1705(60.667 +0.448, 60.267 +0.376 vs 65.133 £0.296), £ F B A %it &
SL(+=8.31, 10.17, 3 P < 0.05), £t F A4k A3 mEi & 49 CRKP X% 2R & a9 4o tt | Bl od 5 2R Z BE A% )
Be A R an B ey A K . P a9 L) T Ak 2 B 4] AcrAB-TolC SMHE R 49 KA

KRR S BN R 5 Tk T B M it 48 52 6 {117 ; AcrAB-Tole SMIEE
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Research on the Synergistic Enhancement of the In Vitro Bactericidal Effect
of Tigecycline-resistant CRKP by Traditional Chinese Medicine Radix
Sophorae Flavescentis and Its Mechanism

ZHOU Huanyu'?, WU Huiyan"?, GUAN Yilin"? (1.the Fifih Affiliated Hospital of Guangzhou Medical University,
Guangzhou 510700, China; 2. KingMed School of Laboratory Medicine, Guangzhou Medical University,
Guangzhou 510180, China)

Abstract: Objective To investigate the in vitro antibacterial effect of Radix Sophorae Flavescentis on tigecycline-resistant
carbapenem-resistant Klebsiella pneumonia(CRKP) and elucidate how Radix Sophorae Flavescentis restores the sensitivity of
CRKP to tigecycline through the efflux pump pathway. Methods The CRKP standard strain BAA1705 was induced to be
tigecycline-resistant using the microdilution broth method, and the expression of efflux pumps was verified by efflux pump
inhibitors. The fractional inhibitory concentration index (FIC) was calculated using the microdilution checkerboard method to
determine the minimum inhibitory concertration(MIC) of the two drugs in combination. Fluorescent real-time quantitative PCR
(qRT-PCR) was used to analyze the expression of the AcrB gene before and after Radix Sophorae Flavescentis treatment, and the
efflux pump activity was validated by the Rhodamine 6G efflux assay. Results The efflux pump inhibition experiment on the
artificially induced T-BAA1705 strain showed overexpression of efflux pumps. The combined antibacterial test results indicated
synergy between Radix Sophorae Flavescentis and tigecycline (FIC=0.375 2 ). The qRT-PCR results showed that the AcrB levels
in the Radix Sophorae Flavescentis monotherapy group were lower than in the untreated group(0.018 +0.002 vs 0.040 + 0.001),
and the AcrB levels(0.009 + 0.001), RamA levels(0.184 + 0.003) and MarA(0.013 +0.001) levels in the combination therapy
group were all lower than in the untreated group(0.040 + 0.001, 0.387 + 0.016, 0.125 + 0.007), while the AcrR level was higher
than in the untreated group(0.388 +0.001 vs 0.288 + 0.001), and the differences were statistical significance (=12.28 ~ 47.12, all

P < 0.05); the efflux pump activity in the Radix Sophorae Flavescentis monotherapy group and the combination therapy group

EEWH: | AEEERAEARVIIESTH (B2021440); [ NTi P E2G A ppu =45 SR H (202324011017) &
fEERY: JET (2001-) , 5, FEEE0F58/L, DF500r . IGRK 2, E-mail: 17322833487@163.com,
BWAEE: 28k (1992-) , L, AR, KIHIm, #r5Eirm . 40Emt 25 fs ik 250, E-mail: colinkwan@163.com,
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was lower than in the untreated T-BAA1705(60.667 + 0.448, 60.267 + 0.376, 65.133 + 0.296), and the differences were statistical

significance (+=8.31,10.17, all P< 0.05). Conclusion Radix Sophorae Flavescentis can restore the sensitivity of tigecycline-

resistant CRKP to tigecycline and effectively inhibit bacterial growth when used in combination with tigecycline. The mechanism

may involve Radix Sophorae Flavescentis inhibiting the expression of the AcrAB-TolC efflux pump.

Keywords: Radix Sophorae Flavescentis; tegacycline; carbapenem-resistant Klebsiella pneumoniae; AcrAB-TolC efflux pump

it filk & 5 Js S i 98 v B {11 T (carbapenem-resis-
tant-Klebsiella pneumoniae, CRKP) J&=—F & Il oY £
Bei w5, B B A I gyt s B —
LTI B - NS | 2 EEWE S | s RS A
TS A R e BT 2PE . R4k CRKP 7E4 K
TE RPN RGN T, AR B s Y
LM 25 ARG 2/ LU R B AR 2 I R TR
YIBTT AR B KPR, 2021 4F 42 FE 41 B i 24546 0
R ) 45 W, T E CRKP 1Y 4 [H it 25 3 4 11.3%,
$20204F T T 04% . HAT, IATEIRYT CRKPHY
T H AR IR (tigeeycline, TGO)P, 4R,
T TGC 132 BE i H, % HLTi 245 71 CRKP P kA W
At TS AR e ] 240 R T 24 T AFF 5T 2019 ~ 2020 45
A2 LGB A i 5w 7s , o [ CRKP X TGC Fr it
25865 H RN 8.9%, H R BB i in gy ke, Mtk
a2 CRKP X TGC HIREURREE , T — I ZIANZS
ZHESS . ITAE, A AcrAB-TolC #MNHEE it ik
15 CRKP X} TGC i} 25 14 56 7 & #IE S ", AcrBAE
A ActAB-TolC /M s+, WS 55MIEE TE. h
5%, JEE NN I IR Z — AR
A8, LA RS AT 2R DR TR 2 P 3 A A R %
P Z a2t (A8 A 20 SRR T SRR
B I, ARFFEMEE T T 258 S 2] L) Bk
FHTGC %F CRKPARSMIBEEAE M, JFIUE T AcrAB-TolC
AMNHEZE 32 AcrB DL AR SRR FE ] AcrR,, RamA,
MarA [ mRNA FEKFERIEN, ST SXMIER R 5
FIRHOLRIRZIR, B 7ERIE IR CRKPHUBRYLIA Y7 it
HELS R
1 #REAE
L1 #F s %  CRKPARHER P BAA-1705 11 FI 56
FEI AR =X 20 MY / 7 R i B P> (American Type Culture
Collection, ATCC), FAHAFETF —80°C.,
1.2 BESRA BROEALIRE e LSS
BHEA RT3 FEHY 141 Cobas Z480(Fi1- Roche) ;
rh2r (N R E I 5 LR B 2 57); TGC,
ANHEZEAEIR PA B NCEV 75 2 AR IR A FD
— H I DMSOE s Al A= B AT BR A FD;
RNA $& B ; S fte skl 4 J Talent 2O e s
WA & O A R AE IR A FRAFD ; AcrBAH
KIS FEAE YA FRAFD
1.3 7k
1.3.1 & Fe /M e BE (MIC) « BHARAEAE —80°CUKAR

T BAA-1705 B AR R0 T i 3l A, F35°CHH
T K A0 R 85 3% 18~20h J5 AR PR IR 7K
IraliigE. SRR R B 2 TGC X BAA-
1705 By MIC. TGC¥ &£ ¥ #0.25, 0.5, 1,2, 4,8,
16, 32, 64, 128, 256 pg/ml (F 11 MHEE ), 1E96 1L
BrFEph, BTG — LR AR IR AR 36
I PRS2 56 2 b i AL FIp 22 (CLSD) i e RR i - MIC = 8
ug/ml M2, < 2ug/ml AEU,
1.321K4MNBE S CRKP B M E i 2. kS % X
Bk [13], DL Ipg/ml iR B B TGC e i, 7R KA A S
BAA-1705, 315 TGC i 25 YA [ 1 BAA-1705 B Bk
(T-BAA1705). BfiJ5, M TGC %75 il J5 4 7 1Y
MIC, DL AEAMHEZE NIRRT & 401 1) MIC.,
1.3.3 SN ENRE: . k2% S0k [14], SMEEM
) e 5 1 P 50pg/ml, T8 e AR A Y R Bl 5 b
HEZE 10 57 PA B NI HIT /5 40 B A MIC, AR
AcrAB-TolC 5 3¢ ik & 5 FH: TR AR ) PIW bR vy - s
TN F)E , TGC B MIC R B A A 48 I wi  1/4
SRR /IN, DU R A MRS s Rk .

1.3 4G 250000 W A ) N BB R 2= B 2 A=
B 2 5575 5 60g, IR , e Uk 3 S0mg/
ml, £, M5E TS T-BAA1705 I MIC, :HR3C
fik [15], BL96 FL#R , 4L in A MH [A 1 100ul; %5
250 N AHER GHEER , A 1000 15 S5 500 B 2 4
11515 AR 250 2055 125 AHEER, A4~FLINA 10ul
TGC IR B 2 GHE. &G SRKIEYRE N
25,12.5,6.25,3.13,1.56,0.78, 0.39, 0.20, 0.10, 0.05
mg/ml, 21086 BEVREE ; TGCHRJEH 128, 64, 32,
16, 8, 4, 2ug/ml, & HHEBEE LA IR R 7S
PAZGXT AL, 2R 12 8 B B LBV R A TGC Bzl
XTHRZH . FEZE 151 A ~ DAL In AR5 T8 18 A BH
XF R 55 151 E ~ HFL HAnA MH BIZAE N B E
B 10p B ERN T 96 FLARH , SRIF 15957 18 ~ 20h; WL
LI S S 25 MIC, TGC 25 MIC, 214
FZIMIC, TGCHEA FZIMICE5 R, TR
¢ JE (factional inhibitory concentration, FIC) 3§ %,
TR FIC=MIC g 4y25/MIC 55 425 FMIC oz
IMICqgepzo FICHEBUHI BEARUHE: FICHEEL < 0.5,
WRNZG M RIVERT ; 24 FICH8% 0 0.5 ~ 1 I}, Wifh2y
SIAEIER s M FICHR R T 1 H/NT 20, ifhzy
KT FAER] s Y FIC T K= 215, PR 45 i
1.3.5 25 b BT IS B AR MR %12 T AcrB AH S
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) mRNA ik it 281k : AP BE 97 18~20h )7, #%
Pl MH A3 1, 5555 24 K004 6000m=0.7~0.8)
P45 DL T-BAAL705 R X BE4L, 372 B2 kb B TGC
PAZG A0 R DL KB FH 25 A0 RS A0 TR AR ARG 4, 2e
YL 2 B PCR(QRT-PCR) K il #MHE R %35 1 AcrB
AHSEFE R Rk K, Ho fud5 AcrB, RamA, MarA,
ActR. BEAEHAAF G VLIS, AN L 41 RNA $2
G S BN s RNA, A i H 4 DNA(cDNA) .
=1

qRT-PCR [ i 1£ % [ Cobas Z480 5L Hif PCR 4™ #4 {%
AT, SR Real SYBR Mix Hi )™M B R
BIAEYIBHA R A7, qRT-PCR T 15 9741
W1, SR AAEANTR : 95 °C A% % 3min, 1 PR &L
K15 95°CAEME: 5, 60°CIR K 10s, JEIECN 405 o)
75°CHEAH 155, ffi 1 16sRNA1E R NS5, L4 Hr
AcrB, MarA, RamA Fl AcrR & [K] A4 #H X # 15 F
SR 274 Ak

S1MF TR

ElkZEd IEF ¥ FHRE (bp) ioligdl PHIKEE (bp)
16sRNA 5-TGAAGAAGGCCTTCGGGTTG-3’ 20 5’-TTACTAGCGATTCCGACTT-3’ 20
AcrB 5’-CAATACGGAAGAGTTTGGC-¥’ 18 5’-CAGACGAACCTGGGAACC-3’ 20
RamA 5’-GCCGATAAGACGCAATCA-3’ 18 5’-CGACGATAGTATCAATCACCT-3 18
MarA 5’-CCTGTCGCTGGAAAAAGTGT-3 20 5’-CCTGTCGCTGGAAAAAGTGT-3 20
ActR 5’-CCTGGCGAGTTATGAGCGTAT-3’ 20 5’-GGTAGCTGCGCATTAACACG-3’ 21

1.3.6 ARSI MHEEHE E - kS5 3Gk [16], 50
MR B TR, T B T HEIREh 2% v (PBS) {75 4
BEAEIL, SRJ5 PBS PRI 3 IR MR E A T2 P11
6G/PBS ¥ Wi (% F+HH 6G 1) fe 29k i >4 0.5umol/L),
37°CYR% 9 E 30min, PBS P 3 UK, 4 L4 u4M )
%P 6G; VA5 1 DA R A0 I R T 1/l R A
FEEY PBS 1, 37 CHRHIFE 15min, 37 BB T UKis
B UUTE B RR AN, UAC4E 1.8u L35 T, i 2643
T LA a2 LA i B (B & IR 529nm, & 5
WK R 553nm), LL& 1g/dl % ) PBS IR WA M 25
FIXTR . S TAREACEEA 9 2 PEI 6G AN 4, 5
AT LW, B A E AT 2u R i PBS T,
FEMRE e Ao AR BPHH 6G SMHETE
ES=(FEA MR — 25 A ORI /A gonme
1.4 %t o4 fdi ] SPSS24.0 B/ #E 47 48 1127
G3HT o KT AR e R TE A A AR (A
+ bRifE 22 (ves) Fon o SR PR 7 FEAS 046 5 HE A
PR 225, R R T 20 i 2 dlm 2 5 .
P<0.05 25 BA G R

2 R

2.1 TGC #F CRKP #% /& # # BAA1705 ¢4 3 25 %
% X} CRKP #5 # 7 bk BAA1705 £ 17 T TGC B 24

BRACH, 25k 4 F )5, MIC{E |7+ % Sug/ml, ik 5|
it 25 FR1E( = Sug/m) . fd FHAMHEZR A HIFI PAB NI,
175 5 B PR 19 2 0 3R 25 MIC 39 M 8pg/ml F [ % 2pg/
ml, BRI Uk

22 BKAWHRE  EHE R AR R
1% ¥ Z X T-BAA1705 [ MIC > 25mg/ml, TGC X}
T-BAA1705 ) MIC 2 8ug/ml, 1% 5 TGCEE & 1E
IR, T-BAA1705 %} TGC ) MIC [ Ky TR 1) 1/4,
52 AR (2ug/ml), FIC(E=0.375 2 < 0.5, HAT I
IR

23 4 A AT )5 AcrB, AcrR, MarA, RamA %9
mRNA % % & £ 4 UL F 2, qRT-PCR%ZS L 7R,
T2 A2 5 T0 2 W A FRAE AR HUER, AcrB KT iR
(==17.04); B HEGH 5 IO Ab A AH LS, AcrB
JKETF R 8K (1=37.97) . {H TGC b ¥R 4H 5024
YA BRAA LS, AcrBIKAF L (=14.70), 22 5% HAT
GBI P<0.001), HAb, BeG 2l 572
Wb A AH A, RamA LA K MarA 7K P27 B 5 R 3
(t=12.28, 16.11), 1] AcrR /K F-IH [ (+=47.12); Bk &
25415 TGC AL FRA 45, RamA 7KF- R #(=76.05),
1M AcrR 7K i (.=152.6), 225+ HAA G #m L3 P
<0.001).

*2 ESHBAGME, TGC HIEAE, BrAABAMEALIEA AcrB, AcrR, MarA, RamA KEEEE (x+s )

HA Ty A (n=3) WHHRAY (n=3) TGC ALHAL (n=3) B 254l (n=3)
AcrB 0040 £ 0.001 0.018:£0.002 0.064 £ 0.003 0.009 £ 0.001
AerR 0.288 +0.001 0.293£0.001 0.016+0.004 0.388 +0.001
MarA 0.125 +0.007 0.016:+0.001 0.021 £0.002 0.013:£0.001
RamA 0.387:+0.016 0.505 £ 0.004 0.505 0007 0.184 +0.003

24 FHU6GHISMERIL SRS M
(60.667 + 0448) FIHK A FH 25 2H ZMHEZR 151460267 + 0.376)
R T RS 25 WA PR T-BAAL705(65.133 +0296), 22
SHAG I (=831, 1017, 41 P< 005),

3 itig

A 5HiE RREAURR MBS F R, £ 2
AT DL R A g T A R R 254, tbAh b 25t B
VFZ 8, iR RANREE RBGER) 1z X AR L
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PERAFRIEHEEDY, b2y 2 RO RWE Y,
TS TR EA U PU iR i s 2
PG ELAEPELE S RN b, Ho ks 2 Fh £
FE, B AWM B A Y. MR SCHk
P, RIS AP TS0 B S L &
MR BE IR G 7E DU A AT T R 50l ot .
TS AR AR AP S50 5 MIC/ /N A% T V€ JiE (minimal
bacteriocidal concentration, MBC) 1, U & 524
MR KRBEE Bk R 2SS4 R BAVEHRCR
TEA U T HoAth S 1305 FE BB 2 43 AN B |
WS S R R AE VLA i B A X3
b, SR LIRS 2 AR AR FH

ARWFFE % P55 5 TGC BEA A Xt
K CRKP A & W E PR AEN, HAPRZCR, b n]
PIYKSE CRKP X} TGC RURREE . TG IR IR TR
BRI 24 FH 25 T B0 m A B 253 s AR 1 L
Tt 1 R CRKPHUBRYLIAY T e 71 H s,
PSR R TS S TGC B, BE IR TGC
AR T, iRy T 7 SRR 2 nT RE

TGCEMIEIR CRKPHURGIRTT # 254, Hoif
2y R 1A B F A, SR CRKP XF TGC FY TR 254
A 2%, B LA R S RND A MRS (1) 3 i
ik, Hirft AcrAB-TolC #MHIEFE R Ged 35 1 SRR,
AAGEH, f ] CRKP A5 fE i BAA-1705 I A T.i%
S TGCTi2Y , FE7hRUER BT 258558, 5 2 /M
IR BR , 25975 ST 245 ) BAA-1705 9% 52 % TGC 8%
B, FRUGIESE AcrAB-TolC #MIEZ 1 1 #5355 CRKP
it TGC B KERAEH

AcrAB-TolC £ 4t & 4 B i 245 1) e E AL il =2 —,
145 TolC, AcrB 1 AcrA = Fh 2 . ActBYE N IZ 0>
HEA, MBI A IR AcrB A4
HEMLH 32 25, 2w ANHERAVE R, E i an i
IR RSN . DT U T 22 24y i 245 3¢
Ry P A 120 TEBAA1705 42t TGC 53 1 24 Jir 7
A, AR B AR AR SR = R TGC B ERT T,
ActB FBIKF-5TRVER T A 253 E . TGC
X} CRKP H#E #5477, 7] BB &30 & TGC AW,
IR 5h AcrB 1, MIMTHE TN AcrAB-TolC #MEFR TG s 1)
2R LI AcrB J& CRKP X} TGC it 24 i) — /> 56
B WM RIFGE I, T I AcrB 238 1T LI R
ViFEVD T TR X ERBR IR | ZVEIE v 2 A
D R AU P AR P 2l v S A H S 15 5
AL SR, B AcrB /K SF- 7 3, T-BAA1705 % TGC
BB RE N, T ELAE S h & B S 2 i S
TGCHR B VEFIRENS T8 AcrB BE [ 263k, 3R B2y
WS SR AcB FIEE 1, FA 14 vl L3 i
ActB /K- B R R A A R BURE . 5

S RETE R, AcrB 41k 5Z F|MarA, RamA %% IF

[ P42 R LA B AerR 7 g 2 R g s 2 A

GEHZTALER T AcrBAKF FIALISN, ActB IR T

MarA 7K P B0 1R 8 LA K& AcrR 7K P B3, Tk

& FHZG L R 3 1 DU A E B 25 21 A 2 Bkt 3 T

RamA /K N, 3 H AcrR/KF_ LRI K, %

B 2 A TGC I & A BLEAT DR RIVE T, et —20

0 AcrB AR5 . [R]I ASAIE S8 i 2 P 6G 52 5

LIRS MIER IR R A2 B SR, K

WAL RS AMIER IR T 2 TR
L5 bR, ABESE K A 25 TGC Ik HI X i

TGC-CRKP E B H UHFEFE L, fem 1 HiE R bl

e BE— L WFTE R B 2 HE T 96 AcrB, MarA )

FERRFRIR, I ZNHESE AcrAB-TolC RGEHIRIA. R

JR BRI ST 25355 22 T 2 RO A: R 2 0 43

LI LB 51 R CRKP B AT 7 R PR fe it e

Z RSB, SR, AR K 1 o AL 1 A

WA, 25 AcrBAHCEE R 45 500 s 8, DL

S U AcrB, MarA BYIR)Z 7 1L S5 n) it

Bt ZE AT B AR SR
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