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Figure 1 (Color online) Plasmid fitness cost and the mechanism during their life cycle in the bacterial host.
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Figure 2 (Color online) Common assessment methods of fitness cost. (;
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Table 1 The fitness cost of evaluation by competitive experiment
JiUhE iy 24 3 ] Rl FAXT3E R 2 R
pL53T blaxpm.s Escherichia coli C600 0.68+0.03 [21]
RP4 blargy, tetd, aphA Escherichia coli K-12 MG1655 0.87+0.04~0.92+0.03 [54]
pM5-NDM1 blaxpm.1, blagxa.i ~1
pCC1410-NDMS5 blaypm.s, blarpa.1, bleys;, ~10
M5-CTXM15 blacrx.iss blatey. ~1
P TS TN Escherichia coli DH5a [55]
pDKO05-KPC2 blaypc., ~1
pCC1706-OXA181 blagxa.isi <1
pM5-0XA232 blapxaa <1
Escherichia coli EC600 <1
pSL131-IncA/C-IncX3 blaxpy.1 [56]
Klebsiella pneumoniae YZ6 <1
p210704-NDM-1 bleypL <1
Escherichia coli EC600 [57]
p210744-NDM-5 blaxpm. <1
pBS228 / 0.944
Rms149 / 0913
pAKDI / 1.022
Pseudomonas aeruginosa PAO1 [58]
pAMBLI1 / 1. 056
pAMBL2 / 0.963
pNUK73 / <0.800
pMCRI1-1943 mer-1 Escherichia coli J53 0.95+0.03~0.97+0.03 [59]
pG06-VIM-1 blay., 0.947 £ 0.002
Escherichia coli K56-43 [60]
pK71-77-1-NDM blaxpy.1 0.945 £ 0.012
pBGT 0.943 + 0.013
pBGT R164S 0.943 + 0.003
pBGT G54U 0.793 £ 0.019
blargy., Escherichia coli MG1655 2]
pBGT G55U 0.557 £ 0.116
pBGT R164S G54U 0.762 + 0.016
pBGT R164S G55U 0.509 + 0.082
pRF14-1
pRF14-2
pRF55-1
pRF173-1
pRF25-1
pRF65-1
tet(X4) Escherichia coli TOP10 <1 [61]
pRF71-1
pRF154-1
pRS2-1
pRW7-1
pRS6-1
pRS6-2
pUUH239. 2 blarten.ss blacrxass blaoxa.i Escherichia coli MG1655 <1 [62]
Escherichia coli J53 0.924+0.03
pHN330 blaxpy.1 [63]
Escherichia coli C600 0.15+0.04
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%)
JF KL 1y 24 5 [R] 16 40 H X A R
pKP-M1144 blagg, .1, blagps.s, blapnp.s, aac(6')-1b3 0.728+0.008
blaygg.o, qnrVC-1, sull, tetd', tetC,
pCEMR dfiAl, dfi423 0.7574+0.007
CF12 blagyy.1», qnrS1 0.905+0.023
P st 4 Escherichia coli [64]
pKA2Q blarox.s 0.802+0.017
blaygg.g, qnryc.y, sull, tetd', tetC,
+
pKAZ3 AL dfians 0.733+0.06
pOXA-48 blagxa.as 0.776+0.016
pHNGC59 0.873
0gx AR Escherichia coli TOP10 [65]
pHNFD436 0.764

a) ARAHSE R T 5 RF=In(Ags /A )/ (B /B Ay VAT 35 ORI B TR, A g N5 SRV 45 ORI BT, By TP I JE
BB AL, By o O T ORI B 7 4. ARF<LIN B8 R T 1 R AN S04, 5@ A 7 24RFS 1N, W R i

TANE TR, TG R L.

# 2 ERKMEEATAE RN

Table 2 The fitness cost of evaluation by growth curve

ik d fiFf 24 3 4] R & RAEARAN Z2E R
pAZJ221 blagxa_»3 Acinetobacter baumannii ATCC 17978 FHXTOD <1 [66]
Klebsiella pneumoniae ST1427 XY 0/ OD o/ AUCK 1
pOXA-48-K8 blagxas L . FXTOD,,/ AUC<1 [67]
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FAXT Va1
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Fitness costs of plasmids carrying antibiotic resistance genes

XU YanXing, CHENG Hao, HU Xiaolie, QIN Chao & GAO YanZheng

Institute of Organic Contaminant Control and Soil Remediation, Nanjing Agricultural University, Nanjing 210095, China

Antibiotic resistance is linked to bacterial adaptability. Aside from that, antibiotic resistance genes (ARGs) carried by plasmids
contribute tremendously to the global spread of antibiotic resistance. Nevertheless, while ARG plasmids facilitate the adaptation of
host bacteria to various environments, they also impose a fitness cost on host bacteria. Under antibiotic selection pressure, ARG
plasmids are advantageous to host bacteria as they increase their survival rate in the presence of antibiotics. In contrast, in the absence
of antibiotic selection pressure, ARG plasmids cause fitness costs to the bacterial host. The fitness costs include growth-survival
effects (lowered growth rate and viability), vertical-horizontal transfer effects (changes in the transfer mode and inhibition of ARGs
plasmid transfer), and bacterial virulence effects (low host invasiveness and toxin secretion). Under such circumstances, this can not
only lower the competitiveness and narrow the ecological niches of the host bacteria but can also eliminate them from the bacterial
populations. Host bacteria can lessen fitness costs through several mechanisms (mutation-compensating evolution, nonmutational
compensation, and conjugation transfer), which can help retain them in the population. Notably, the various reduction mechanisms of
ARG plasmid fitness cost have impeded or even halted the reversal of bacterial resistance by controlling antibiotic misuse. Therefore,
it is imperative to conduct research into mechanisms by which fitness cost reduction pathways can be blocked, and antibiotic
susceptibility in bacteria with ARGs plasmids can be restored. This can limit the spread of antibiotic resistance. Additionally, it is
essential to conduct experiments under a wide range of real-world environmental conditions. This will help to develop a novel
approach for effectively addressing the antibiotic resistance crisis and the establishment of an all-around risk assessment system.
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