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Abstract: Antibiotic resistance (AR) in microorganisms has become a crucial challenge to global
public health security. The acquirement of AR in microorganisms is often accompanied by a fitness
cost. Typically, in an environment without antibiotics, the bacterial community with AR shows
weaker competitiveness than susceptible bacteria, which makes antibiotic resistance genes (ARGs)
a burden for bacteria. This article elaborates on the mechanisms underlying the generation of
fitness costs and the corresponding measurement methods, provides examples to illustrate the
fitness costs mediated by ARGs under different acquisition methods, and introduces the differences
in fitness costs between chromosome-mediated and plasmid-mediated ARGs as well as their
molecular mechanisms. Finally, it proposes prevention and control strategies for antibiotic resistant
bacteria (ARB) based on fitness costs. This article reveals the biological law of the trade-off
between antibiotic resistance and bacterial fitness and provides ideas for preventing and controlling
the global public health security issues caused by ARB and ARGs.

Keywords: antibiotic resistant bacteria; fitness cost; resistance mechanism; horizontal gene
transfer; prevention and control
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Figure 1 Methods for measuring fitness cost.
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#*x1 AEBEREHF R TARGsT SHE R RN
Table 1 The fitness cost of ARGs under different acquisition methods

Access Species ARGs Resistance mechanism Characteristics Fitness cost Reference
method of
ARGs
Genetic Staphylococcus rpoB Prevent the interaction The growth rate RF: <1.0 [27]
mutation epidermidis between rifampicin and ~ decreases
the B-subunit of RNA
polymerase
Pseudomonas nfxB Regulators of multidrug A large amount of Growth curves: [28]
aeruginosa efflux pumps energy is consumed, P<0.000 1
and the growth rate
decreases
gvrd, Prevent fluoroquinolones  No fitness cost RF: 1.012 (gyr4),
gvrB from binding to DNA- 1.003 (gyrB)
modifying subunits of
DNA gyrases
Mpycolicibacterium rv2752c¢ ~ Encoding a bifunctional =~ Decreased RF: 0.87 [29]
smegmatis RNase J protein with transcription
B-lactamase and efficiency and
ribonuclease activities reduced growth rate
Conjugation Escherichia coli blactxm.14 Enzymes that hydrolyze ~ Some bacteria lose RF: 0.985 [30]
penicillin and third- their conjugative
generation cephalosporins ability
blaxpwm Enzymes that hydrolyze = Decreased virulence ~ RF: 0.813 006 [31]
carbapenem drugs and loss of plasmids
qnrd, Protect DNA gyrase and  No fitness cost RF: 1.030 (gnrA),  [32]
qnrB, topoisomerase [V from 1.056 (gnrB),
qnrS inhibition by quinolone 1.016 (gnrS)
drugs
Salmonella fosA7 Produce fosfomycin- The growth rate is Growth curves: [33]
modifying enzymes not affected P=0.844 1
Transposon  Escherichia coli sull, sul2, Dihydropteroate synthase The motility is S: 0.021>0 (sull),  [34]
sul3 with low affinity for decreased, and the 0.019>0 (sul2),
sulfonamide drugs growth rate is -0.087<0 (sul3)
reduced (sul3)
Enterococcus vanA The encoded protein The growth rate Growth curves: [35]
faecium alters the synthesis of cell decreases P<0.001
wall peptidoglycan
precursors
Integrator Escherichia coli dfrAl- Type Il integrons carry The growth rate S: -0.068<0 [36]
sat2- gene cassettes with a decreases
aadAl multi-resistance pattern
Transduction Streptococcus suis  mef(A), Efflux pump proteins and The growth rate Growth curves: the [37]
tet(O) ribosome protection increases logarithmic phase
proteins (2 hours earlier)

and the ODgoq peak
(3 hours earlier and

being 0.25 higher)
Escherichia coli blactxm.ss Enzymes for multiple The growth rate and  RF: <1 (No P1), [38]
B-lactam drugs elevated plasmid loss >1 (P1)

rate increases (P1)
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Table 2 Molecular mechanisms of chromosome- and plasmid-mediated fitness cost
Vector Mechanism  Drug ARGs Impacted cost pathway Fitness cost Reference
Chromosome Reduced The extended- ompC/F Impaired nutrient absorption— Arrested the [40-41]
permeability  spectrum DNA methylation—DNA growth and
binding to proteins replication of
bacteria
ompC/F Decreased expression of csgd/B Decreased biofilm  [42-43]
—impaired curli synthesis formation
Active The extended- — Overexpression of efflux pumps  High energy burden [15]
transport of  spectrum mexABOprM, Tmpact on the rh/ QS system—  Decreased [44]
antibiotics mexCDOprJ  reduced phenazine synthesis; virulence
lack of MexA
mexEFOprN  Pumping out PQS precursors—  Impaired initiation [45]
delayed production of PQS of PQS function,
signaling molecules decreased virulence
mexEFOprN H' antiport—intracellular H* Imbalance of pH ~ [46]
accumulation homeostasis
ade group Downregulated expression of pili Decreased biofilm  [47]
and membrane structural proteins formation
acrABTolC ~ Promotion of QS signal AHL Promotion of [48]
efflux—binding to membrane biofilm formation
receptor SdiA
Target Aminoglycosides rrs A1408G mutation in 16S rRNA  No fitness cost [49]
modification gene—no impact on the ON/OFF
switching of the A site
rrs A1408C/U mutations in 16S Bacterial death [49]
rRNA gene—affect the ON/OFF
switching of the A site
Rifampicin ropB Alteration of the conserved 3 Decreased [6,50]
subunit of RNA polymerase transcription
efficiency
Plasmid Inactivation  B-lactams blaxpc. Downregulated expression of Decreased [51]
and virulence genes iucA, magA, and  virulence
modification rmpA2
of the drug blarox.a/ Overexpression of AmpC enzyme Decreased [52]
—abnormal peptidoglycan virulence
metabolism—interference with
cell wall integrity
blanpm Downregulation of locomotion, Decreased motility [11]
ATP synthesis, and DNA and replicative
replication capacity
Tetracyclines tet(X4) Downregulated expression of at/R Decreased biofilm  [53]
—inability to inhibit the copy formation and
number of plasmids virulence
(F5£5)
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(&:3£2)
Vector Mechanism  Drug ARGs Impacted cost pathway Fitness cost Reference
tetX Increased ATPase activity and Increased [54]
protein synthesis metabolic burden
tet(X4) Encoded the H-NS protein— No fitness cost [55]
inhibits fef(X4) expression
Active Tetracyclines tetH Downregulated expression of Decreased motility [56]
transport of fimbrial genes fimA and fimC
antibiotics tetA Decreased K" uptake efficiency ~ High energy [57]
of the Trk system consumption
Quinolones qepA2, gvrA/B mutations that induce the Enhanced fitness [58-59]
0gxAB target modification mechanism
Target Glycopeptides van Modification of peptidoglycan—  Decreased [60]
modification defect in sporulation infectivity
Aminoglycosides armA Resistant methylation of A1405  No fitness cost [61]
in 16S rRNA gene
armA Interference with the endogenous ~ Affects ribosome [61]
methylation of C1402 by Rsml function
npmA Resistant methylation of A1408  No fitness cost [61]
in 16S rRNA gene
npmA Block the activity of RsmF on Reduces the [61]
C1407 accuracy of
translation
Macrolides cfrr Expression of cfi—resistant No fitness cost [62]
methylation of A2503 in 16S
rRNA gene
cfrr Co-expression of ermB and cfi—  Obstruction of the  [62]
dimethylation of A2508 export tunnel for
nascent peptide
synthesis
Polymyxins mcr-1 Modification of lipid A— Decreased [63]
obstruction of LPS synthesis virulence
mcr-1 Modification of LPS— Increased [64]
downregulation of waa and rm/— membrane

downregulation of LPS core and
O-antigen synthesis

permeability and
membrane
depolarization

2 T L R LB A T R P AR A
B, AR A R A ML, X2 5]
A PCBA M B 22 EE M Y R 2 1),
B, H LK ompC/F FLEE LR 3235 T IRKG S
AN FP I Z B, A KR, ME
FEFRE =, RelA #2520 (RNA B4 78 25
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