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Table 1 Adsorption of micro/nanomaterials and their composites with antibiotics
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Figure 1 (Color online) One of the pathways for inactivating antibiotic-resistant bacteria by micro/nanomaterials and their composites.
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Figure 2 (Color online) The key mechanisms for removing bacterial biofilms by micro/nanomaterials.
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Figure 3 (Color online) The key mechanisms for promoting horizontal transfer of ARGs by micro/nanomaterials.
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Two-edged effects of micro/nanomaterials on the formation and spread
of bacterial antibiotic resistance

HU XiaolJie, ZHANG LingYu, SHENG YouYing & GAO YanZheng

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

Bacterial antibiotic resistance poses a threat to human health, and finding effective methods to address this concern has garnered
attention globally. Micro/nanomaterials are often utilized owing to their superior properties in controlling bacterial antibiotic
resistance. However, the effects of micro/nanomaterials on the formation and spread of bacterial antibiotic resistance are twofold.
First, micro/nanomaterials and their composites can adsorb and degrade antibiotics, effectively controlling the formation of antibiotic
resistance. They can deactivate antibiotic-resistant bacteria, reduce extracellular antibiotic resistance genes (ARGs), remove biofilms,
and reduce the bioavailability of antibiotic-resistant plasmids, thereby inhibiting the spread of antibiotic resistance. Second, after
entering the environment, some micro/nanomaterials release metal ions, which can induce coselection pressure on bacteria and further
enhance antibiotic resistance in the environment. Moreover, these materials can alter the growth environment of bacteria, promoting
the formation of antibiotic resistance. The materials alter the distribution of host bacteria carrying ARGs in the environment by
increasing their abundances and facilitate the horizontal transfer of ARGs, thereby intensifying the risks associated with the spread of
environmental antibiotic resistance. Future studies should focus on controlling extracellular ARGs through the application of micro/
nanomaterials and exploring bacterial resistance to these materials. Furthermore, studies on the induced bacterial antibiotic resistance
risks should consider various micro/nanomaterials and focus on the transformation and transduction of ARGs. This review can
provide a theoretical basis for the rational use of micro/nanomaterials to combat antibiotic resistance.

micro/nanomaterials, bacterial antibiotic resistance, control materials, antibiotics, horizontal gene transfer

doi: 10.1360/SST-2024-0067

1903


https://doi.org/10.1016/j.envint.2024.108499
https://doi.org/10.1016/j.jhazmat.2021.126728
https://doi.org/10.1016/j.jhazmat.2021.126728
https://doi.org/10.1039/C9EN01279F
https://doi.org/10.1016/j.scitotenv.2020.144040
https://doi.org/10.1016/j.scitotenv.2020.144040
https://doi.org/10.1016/j.jhazmat.2020.124224
https://doi.org/10.1016/j.watres.2023.120520
https://doi.org/10.1021/acs.nanolett.0c04451
https://doi.org/10.1360/SST-2024-0067

	微纳物质对细菌抗生素耐药性形成与传播的�双刃效应
	1�� 引言
	2�� 正面效应: 细菌抗生素耐药性形成与传播的阻控材料
	2.1�� 阻控细菌抗生素耐药性形成
	2.1.1�� 微纳物质对抗生素的吸附作用
	2.1.2�� 微纳物质对抗生素的降解作用

	2.2�� 阻控细菌抗生素耐药性传播
	2.2.1�� 灭活抗生素耐药细菌
	2.2.2�� 消减胞外ARGs
	2.2.3�� 去除细菌生物膜
	2.2.4�� 降低抗生素抗性质粒生物有效性


	3�� 负面效应: 流入环境, 加剧细菌抗生素耐药性风险
	3.1�� 促进环境中细菌抗生素耐药性的形成
	3.1.1 � 析出金属离子的共筛选作用
	3.1.2�� 改变细菌生长环境

	3.2�� 加剧环境中细菌抗生素耐药性的传播风险
	3.2.1�� ARGs宿主分布改变
	3.2.2�� ARGs水平转移过程改变


	4�� 总结与展望


