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Abstract: Antibiotics are considered one of the cornerstones of modern medicine. However,
the abuse of antimicrobial agents, including antibiotics, has accelerated the emergence of super
bacteria that can resist multiple antimicrobial agents. Resistance genes are the key factors
leading to bacterial resistance and can be horizontally transmitted by mobile genetic elements
(MGEs), such as plasmids, transposons, and insertion sequences, posing a serious threat to
public health. In recent years, facing the outbreak of carbapenem-resistant and
polymyxin-resistant bacteria, tigecycline has been regarded as the “last line of defense” against
multiple drug-resistant bacterial infections in humans. Recently, a novel mobile efflux pump
gene cluster tmexCD-toprJ, mainly existing in plasmids, was found. This gene cluster encodes
resistance-nodulation-cell division (RND) efflux pumps, which can expel a variety of
antibiotics, including tigecycline, out of bacteria, greatly enhancing the resistance of bacteria.
The tmexCD-toprJ gene cluster has been horizontally transferred to humans, animals, and the
environment by mobile elements such as plasmids, posing a serious threat to public health.
However, research on the specific structure and functional mechanism of TMexCD-TOpr]
remains to be carried out. This article systematically summarizes the distribution
characteristics, transmission mechanisms, and efflux pump structures of tmexCD-toprJ and
proposes measures to block its spread from the concept of One Health, offering a scientific
basis for slowing down the dissemination of tmexCD-toprJ.

Keywords: tigecycline; RND efflux pump; tmexCD-toprJ; antimicrobial resistance gene;
horizontal transfer

Pk FEGUR WAL R Ll % 9 T Gerhard Domagk ¥ T 1935 45 L 14 —Fh i i
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H AT B T 2 E i 245 P (multi-drug resistance,
MDR). XZEAHTE | DUl RASH H A E A .
B 225 2R T | A0 A i R i 1 A S HE 2 ) 55
PLi Eph B ARBTG5V E L, JRTEN L sl
B I ARG, UTAR SRR T B s 2 24
FETR A 0 B IG RFE TR 20l B, A i T
ML e R b R T R M 2SI 24 il A e B A A
(carbapenem-resistant ~ Klebsiella  pneumoniae,
CRKP)EY B H G IFFE TR AT L] 42.14%,
WA, BEHE Z R R T 25 5L mer 1Y) 21448
21BN R (SRR DN R <A
SN BN R BN RIRT TR R X 2R
2T 245 0 BT 25 o A0 TR SRR P e i — i B R
BN R W T 2 W) E R R o AR IR R
KWy, RATIZIRYIRE, fEME S 308 AMEA
VA ] PG 5 BH L IR AE A, AT IR FHT R AL
Ro HBEHERKEEMAERMZL tet(X) M
tmexCD-toprJ FE K 1) 12454 , B Z Hnl 5E
T AL ASCREE TR A sh S HE
LA tmexCD-toprd AFEHE ML AT 5T IR 55,
I8 2% tmexCD-toprJ i 245 FE A AL 48 4R (5%
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Schematic diagram of RND efflux pump mode.
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R ORR]T Tet(A)AF 54 iy SMIE AR AL BN 25
Y Rz ], RND AMHEZ o] LUK 259 E 1
SMHEZRANR IR R, -5 S B R 8 25 )
FRRHE A AN BB, AT BE A5 RO PR AR 1A
WZVREE , B4R AN T T 2 B 1

2 tmexCD-toprd ZE WX KA

mexCD-oprJ JEA77E T4 215 S B e £ {4
FRANHESR EEIN, BESWAYS RND ZKKAMHER
MexCD-OprlJ, 45 F+2H B X 22 Rl i1 24 40 gt 24
Peo fr, LV 2Ol S0 T AN B ok
BT 5 mexCD-oprJ K& PR A A [l P 1 1 22 B
i, ZHENEIERT IR ML T 60%. H
TR DR eh Bk I T 2 AT AR RS, DR I
4544 M tmexCD1-toprdl (t fCFE Al #84E), Hw
589 SN HESE 2 11 TMexCD1-TOprJ1 5 RND F ik
5 1 MexCD-Opr] \MexAB-OprM ;& AcrAB-TolC
A BEARRUME: 5 SMEEE 1 TMexD1 $H14 RND %
R R 12 N R B, iR TMexCDI-
TOprJ1 J& RND SMEEZEGR—51. JLT[FE,
AHCEFRTEIL AR FRAGZ N4 H T tmexCD1-
toprd1 PHMA: YN R e F AR, #2785 tmexCD1-

#F 1 tmexCD-toprJ EFEEH FSEE ARG L TR

toprdl siF L T IZ 4G, tmexCD-toprd 7EAR
[FIFP R A R oA B 25 5, HFTIGR T NCBI
B 2 b (1) texCD 1-topr JA BRI T A LA B B B
%ﬂ%ﬁﬂ@%ﬁa‘z J AT R 2 R DA s A IR

G R Y, HAET TR,
bt J5 , tmexCDI-toprdl #Y [i] ¥ JE

tmexCD2-toprJ2 . tmexCD3-toprJ3. tmexCD4-toprJ4
GYRELRIA . b, 7E NCBI Bl b ik &R
F| T RKEA tmexCD-toprd JEN, R aliE =
1997 4ERYERRE . HoriE Lt 70%07) tmexCD-toprd
B SN WDip Vs A N ' = A VA 1 N SRZCS SR N
b, HEIE &) ZafiT N, sh SXorsid . #f
¥ W], tmexCD- toprJ JHE PR T R YR T M B B
J& , TEL AR S R A W AR T L o fA 5%
%, %Lﬁ.‘T@LﬁJEﬁﬁE’J SAEA R A ] 4%
¥ Mt 245PE 71, tmexCD-toprJd BE {5 41 12 X &
WER MIC {8 ETF 4 2 32 7%, BRI H X HH
WhE . WEmR IR R AL S22
TR 2508 , AT 5 22 R0 T8 2R i 24 3 R mer 45 22 Fil
i 245 5 PR A E AL AL RS | RO in 1 < R g A 7
A XU P2, H T, tmexCD-toprd 3 K 7E Hh
SFUMERERZEFR L, £2, £3), B2, X

Table 1 Detection of tmexCD-toprJ gene in the worldwide

Continent Country/Region Isolated year Source Quantity

Asia China 2010-2022 Human, animal and environment 156
Vietnam 2015, 2021 Human and environment 13
India 1997, 2012 Human and environment 2
Japan 2020 Environment 2
Lebanon 2018 Human 2
Hong Kong, China 2017 Human 1
Thailand 2013 Human 1

Africa Ghana 2017 Environment 2
Kenya UN UN UN

Europe Sweden 2001 Human 1
Poland 2014 Human 1
Britain UN UN UN

North America  USA 2020 Human 2
Mexico UN UN UN

Date as of March 1, 2023, based on NCBI database with positive strains in unlabeled isolated areas; UN presents the data unknown.
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<2 tmexCD-topr] EEEE AL HIFER

Table 2 Detection of tmexCD-toprJ gene in China

Administrative region  Source Quantity Total
Jiangsu Animal 25 37
Environment 7
Human 4
UN 1
Henan Human 16 19
Animal 3
Zhejiang Human 11 17
Animal 2
Environment 2
UN 2
Beijing Human 6 12
Environment 3
UN 3
Shandong Animal 8 11
Human 3
Guangdong Environment 3 9
Human 3
Animal 2
Vegetable 1
Sichuan Environment 4 7
Human 3
Hunan Animal 3 8
Human 3
UN 2
Hainan Human 2 3
Environment 1
Liaoning Animal 2 2
Fujian Human 2 2
Hubei Human 2 2
Chongqing Human 2 2
Yunnan Human 2 2
Anhui Animal 1 1
Xizang Animal 1 1
Hong Kong Human 1 1
UN Animal 9 20
Human 9
Environment 1
UN 1
China Human 69 156
(total) Animal 56
Environment 21
Vegetable 1
UN 9

Date as of March 1, 2023, based on NCBI database with
positive strains in unlabeled isolated areas; UN presents the

data unknown.

R R s MR B 32 20 A S AR /Y
JERM) Iz, o N R LR B 2 R A T
BRI, (A3 A5

3 tmexCD-toprJ iy K 3£ B AL

Tiif 245 240 B A H i 4 T 52 3 T AR fele B T I
I fe Rk — , A BRI T 25 L R A 3R AR AL R 5
AR St G oA B E VNI R . W B ahit L oo
PREFE R AT F T A AT
4 (integrative and conjugative elements, ICEs)%,
JE R S 245 56 DR 78 4 O 22 R A 1 i SRR IR 4
Bt tmexCD-toprd 2 [K ] L) i Z ] B st 4%
JCUEA T, TEAN B FR P AR E] AP 56721
3.1 JRAL

R A AR i EE B oo, 512t
R K5 5, 7E tmexCD-toprd 1%
FHhirEEEEME™, RN, HER
J R AT BB tmexCD1-toprd1 P48 va TR (A
B tmexCD1-toprJ1 JE[A ) B3k A, 5 H1E
IncFIB(Mar)/IncHI1B Z4 %1 ik 27231 32 Bk
HA A PR 18 3530 B AR E 146 AT, B33
DR AE It 9% o 76 A1 TR KO8 DR AT 1
A H A AR AR /DG 1) tmexCD1-topd1 B! 4k,
IncHIS™ | IncRPY | IncFIAM"™ | IncFIBM#' i
IncCP¥%5 [Tk 1 12 tmexCD1-toprJ1 it 5 B 4544 .
5 IncFIB(Mar)/IncHI1B JFiki A, IncR. IncC
SR A T2 e I, B T 25 3
RS XU . tmexCD2-toprJ2 5 IncFII. IncHI1B
Ml IncQ %5 Z kL% DIAH O¢, Xt nl gE 2
tmexCD2-toprJ2 43 4ii B ) iz B R 2 — o #E7i
tmexCD3-toprJ3. tmexCD4-toprJ4 £ KL K () Ji ki
WRZHET IZHE T AT A R AR
B2, tmexCD-toprJ B FE kL F 9T 32 40 A K
FIEIN T HAEAS R A1 B =22 (AL % 0 XU, 7522 A
TTRER DG

http://journals.im.ac.cn/actamicrocn



4106

SUN Jingdu et al. | Acta Microbiologica Snica, 2023, 63(11)

*=3

tmexCD-toprd ZEEHIFME. 7. FKIERILFIHZGER

Table 3  Types, distribution, sources and co-existing drug resistance genes of tmexCD-toprJ genes

Gene Country Region Source Bacteria Type of plasmid Co-carried drug resistance genes and
references
tmexCD1- China Shandong Chicken Klebsiella IncFIA, IncFII, blaxpm.1, blaxpa.s, mer-8, ete.l!”)
toprJ1 pneumoniae IncFIB, etc.
Flies in pig farms Klebsiella IncFIB ampC/R, sull, rmtB, msr(E), blaxpu.1,
pneumoniae mer-8, etc.*
Sichuan Hospital Raoultella IncHI5 aac(6)-1b3, aadA5, ant(2"")-la, armA,
wastewater planticola rmtC, blagpc., blanpm.1, blacTxm-14
blap; o2a, blapgr 1, ete. B4
Human Klebsiella IncU/IncFIB blayp.s, tet(A), blayp.s, StrB, strA,
guasipneumoniae (Mar)/IncHI1B  aac(3)-1ld, blargy. s, @ac(6')-lb-cr,
blapxa.i, catB, sull, blapgg.;, etc.™
Zhejiang Migrant bird Pseudomonas  UN tet(C), arr-3, aadAl, sull, gnrVC1, dfrB1,
putida blaym.a, fIOR, StrA, strB, ete.?8)
Chicken Klebsiella IncFIB-HI1B mer-10, mer-8, msr(E), aph(3')-1b, aadAl,
pneumoniae aadA2b, armA, aph(6)-1d, aph(3)-la, gnrB4,
sull, sul3, blapya.;, mph(E), gacE, etc.””
Hospital Klebsidla UN blaxpy.1, blagpc.o, blagp.1, mer-3, ete.?®!
wastewater michiganensis
Klebsiella oxytoca,
Citrobacter
youngae,
Raoultdlla
ornithinolytica,
etc.
Chicken farm  Klebsiella IncFIB-HI1B msr (E), aph(3')-1b, aadAl, armA,
pneumoniae aph(3)-la, gnrB4, sull, cmlAl, etc.”
Yunnan Human Klebsiella IncHI1B/FIB aadAl, aadA2, cmlAl, sul3, aac(3)-lva,
pneumoniae strA, strB, msr(E), armA, etc.*”!
Jiangsu Chicken Klebsiella IncFIB/IncFII,  blactxm.27, Blasuy-11/12, blargm.is, fIOR,
pneumoniae IncFIA/IncFIB, sull/3, ogxAB, fosA, rmtB, aac(6')1b,
etc. aadA, ant(2")- la, aph(3")-1b, aph(6)-1d,
mer-8, etc.?Y
Retail pork, Klebsiella IncR, fosA, sul2, armA, gnrS1, mph(A), etc.*!
slaughterhouse ~ pneumoniae, IncFIB(Mar)/Inc
Proteus mirabilis HI1B, etc.
Henan Human sputum Klebsiella IncHIS sull, blaxpm.1, mph(A), trpF, aac(3),
and blood pneumoniae etc.P
Hong Kong Human blood  Klebsiella IncFIB/IncHIIB strAB, armA, aph(3')-la, gnrB4, sull,
pneumoniae mphA, mphE, msrE, blapya.i, etc.
Liaoning, = Farm manure UN UN UNE4
Shanxi,
Hunan,
Guizhou

(k)
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(B 3)

Gene

Country Region

Source

Bacteria

Type of plasmid

Co-carried drug resistance genes and

references

Guangdong

Anhui

Jiangxi

Beijing

Vietnam Hanoi

tmexCD2- China
toprJ2

Shandong

Fujian

Jiangxi
Henan,

Shandong
Sichuan

Zhejiang

Food market
sewage
Food market

sewage

Human blood

and urine

Chicken feces

Human

Human

Human
Human sputum
Human urine
Human blood
Human sputum
Human
Human
Human
Animal feces,
hospital
wastewater,

clinical patients,

etc.

Citrobacter
portucalensis
Klebsiella
pneumoniae
Klebsiella

guasi pneumoniae

Klebsiella
pneumoniae,
Klebsiella

guasi pneumoniae
Klebsiella
pneumoniae
Klebsiella
pneumoniae

Klebsiella
pneumoniae
Enterobacter
cloacae
Klebsiella
pneumoniae
Klebsiella
variicola
Klebsiella
guasipneumoniae
Klebsiella
michiganensis
Raoultella
ornithinolytica
Klebsiella
oxytoca
Klebsiella
pneumoniae
Klebsiella
variicola
Aeromonas
caviae,
Aeromonas
hydrophilia,
Aeromonas
salmonicida,
Aeromonas
veronii

IncC

IncHI1B-IncFIB

IncFIA-IncFII,

etc.

IncFIA

UN

IncHI1B, IncFIB

IncU

IncHI1B/FIB

IncHIIB

IncFIBK

IncU

IncHI1B, IncFIB
IncFIB(Mar)/Inc

HI1B
UN

blarea.ip, rMB, qepAl, tet(A), strAB,
sul2, etc.*™

OgXAB, fosA,aac(3)-1V, aadAl, aadA2b,
StrA, strB, aph(4)-la, etc.®

aac(3)-1V, aadAl, aph(4)-la, strAB,
armA, mph(E), msr(E), cmlAl, sull, sul3,
dfrAl, etc.®

UN[37]

blaxpm.1, mer-1.1, mer-8.1, armA, tet(A),
floR, etc.[1®]

blagsuy.119, bla paa-1, qnrB6, gnrB4,
aac(6')-1b-cr, ogxA, ogxB, mph(E), ARR-3,
sull, sul2, sul3, tet(A), dirA27, etc."¥

bl ANDM-1» etc.m]

J401

aac(6')-1b, aadA16, gnrS1, mphE, msrE,
catB3, catll.2, arr-3, sull, dfrA27, etc.[*!!
sull, aac(3)-lid, aadA16, gnrS1, mphA,
dfrA27, blargy.ip, arr-3, etc.!

bl aMBL, bIaNDM_l, etc.[41]

blaxpm.1, blagpc., rmtC, ogxAB, fosA,
etc. [42)

bl AaNDM-1» mCI’-GGOZ, etc.[ag]

bl aNDM-1» etc.[39]

blayp.4, blanpm.-1, gnrSL, strA, blaggo.i,
aaC(G’)'”d, bIaIMp_4, etC.[ZS]

blakpc.2, blaxpwm-1, blay.1, blagpc.,,
mer-3, etc.[

(58)

http://journals.im.ac.cn/actamicrocn
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(£ 3)
Gene Country Region Source Bacteria Type of plasmid Co-carried drug resistance genes and
references
Hospital Klebsiella UN blaxpy.1, blagpc.o, blap.1, mer-3, ete.?®!
wastewater oxytoca,
Citrobacter
youngae,
Raoultella
ornithinolytica,
Aeromonas, etc.
tmexCD3- China  Jiangsu Pig feces Proteus mirabilis UN catAl, floR, sul2, aph(4)-la, aac(3)-1Va,
toprJ3 aph(3)-1a, strA, strB, aac(3)-11d, sull,
arr-3, catB3, blactx.m.es, fOSA, aadAb,
dfrAl7, aadAl, etc.**!
Zhejiang  Animal feces, = Aeromonas UN blagpc.s, blanpm-1, blayviv.1, blakpc.a,
hospital caviae, mer-3, etc.[
wastewater, Aeromonas
clinical patients, hydrophilia,
etc. Aeromonas
salmonicida,
Aeromonas
veronii
Hospital Klebsiella UN blaxpy.1, blagpc.o, blap.1, mer-3, ete.?®!
wastewater michiganensis,
Klebsiella
oxytoca,
Raoultella

Vietnam Hanoi

tmexCD3- China  Anhui,

toprJ1b Shandong,
etc.

tmexCD4- China  Guangdong

toprJ4

Urban sewerage

Chicken feces

Chicken

Farm product
market

environment

ornithinolytica,
Aeromonas, etc.
Klebsiella
aerogenes
Proteus cibarius, UN
Pseudomonas
aeruginosa,

Proteus mirabilis
Klebsiella UN
guasi pneumoniae
Enterobacter UN
roggenkampii

IncC-IncX3

bl aNDM-4» tet(X), Su|2, etc.[45]

tet(X391), arr-3, aac(6')-1b-cr5, blapya.i,
Inu(F), sull, etc.*®

0gXAB, fosA, aac(3)-1V, aph(4)-1a, aph(3)-
la, aadA2, aph(3)-1a, tet(A), floR etc.*?
bl AMIR-6> anSl, tet(A), ﬂOR, etc.[zz]

Date as of March 1, 2023, based on NCBI database; UN and “/” presents the data unknown.

3.2 ARSI

PL1S26 AR & B iR A ¥ 4 BE 42 i
tmexCD-toprd & K 7K AL 4 o iti R vd B (A e
GDI11RT #J pHNI1IRT-1 F1 8l 48 52 55 A
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TEEAE WA BT 1S903B Fl ISKpnd7 Jify:,
XPAE AT AT REA T tmexCD1-toprdl 1
KFERLET, FU 25PN SR 96O PCR 45
7B IESE tmexCD1-toprJ1 (3 5 1826 SL5@1EAH
X, PE—HAESL T 1S26 {23 T tmexCD1-toprJl (1)
%%, ISL3 FI IS1182 ZE4d A J¥ 4l o ] RE 76
tmexCD3-toprJ3 AYZKFAL4E HR i 2 HEsh E ™.
3.3 HEF

BT G PR G S SR AL, T DAGE AL BY
VI, 46 A ML I 25 3 e SL A N B
AT S B 24 35 R A A4 4% %, #E tmexCD-toprd
FER WKL R P S) T EEE . Horp, 7
JiE ¥+ Tn5393 J& tmexCD1-toprJ1 %k [K #% 5 it ¢ 4
® ootz — . 18 it B pHNAHSI H,
tmexCD1-toprd1l L5 2 ANt i fr k3%
ARGt IEE A 2 ANTIREARI AL (hpl il
hp2)fdi A %% e Tn5393 A4 % FE B LA tnpA H,
JEFIFE AL T 15 695 bp A A R B 7R 72
A A R LR M B Y T ORL pKA3-2 .
PZXPA-20-602k" "4 JFhr v, & BT AR ALY
WOAGH, FWEE T Tn5393 W HE it it
tmexCD1-toprJ1 Sk R 7E A [ 4 1R[] () 15 4% o Ut
bk, FEREET Tnl721. Tn6347 Z5HLmlRE{EHE T
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Figure 2 Alignment of the predicted structure of TMexCD-TOprJ with the tertiary structure of the RND
family protein AcrAB-TolC. TMexCD-TOprJ GeneBank: QHWO08915.1, QHW08916.1, QHWO08917.1; Use
AlphaFold-Multimer to predict and PyMOL to export; AcrAB-TolC PDB ID: 5V5S.
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Domestic animals

A

#

« Strengthen the surveillance and retrospec- '
tive sereening of drug-resistant bacteria; i,

* Develop rapid test kits and new antibacterial £
drugs:

* Reduce the abuse of antibiotics and other
antibacterial drugs in clinic;

+ Reduce the misuse of antibacterial drugs in animal husbandry:
+ Control the discharge of livestock and poultry manure and

sewage:

* Test animals for drug resistance genes before and after slaughter:
* Play the role of veterinarians in the public health system;
+ Promote green and healthy farming.

F 3

*Rationally plan the layout and construction of farms,
hospitals and other places;

= Strengthen environmental supervision in areas with

high risk of drug-resistant genes:

+Strengthen the control of drug-resistant gene positive

* Increase the training of veterinarians and N>
other professionals:

+ Actively disseminate public health knowl-
edge and strengthen personal protection.

Human

Wild animals

3 M One Health 22
Figure 3
One Health.
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k* areas;

- *Purify sewage, soil and other high-risk resources;

* #Strengthen the ecological environment protection and
restoration.

Environment

'ﬁcducc contact between people and domestic
animals and wild animals;

*Strengthen wildlife protection and disease
monitoring;

«Strengthen quarantine of biological vectors;
*Protect wildlife habitats.

JE #1151 tmexCD-toprJ i 24 & E AV 8L

Inhibiting the spread of antibiotic resistance genes such as tmexCD-toprJ from the perspective of
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