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Fig.1 Timeline of the discovery and evolution of Tet (X) enzymes
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Fig.2 Mechanism of Tet (X)-mediated inactivation of tetracycline antibiotics
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Fig. 3 Common plasmid types mediating the dissemination of the zet(X) gene
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Research Progress on Tetracycline Resistance Mediated
by Tet (X) Family and Its Inhibitors
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Abstract: Tetracyclines are among the key antimicrobial agents used clinically to treat infections caused by
multidrug-resistant Gram-negative bacteria. Tigecycline, as a third-generation tetracycline, is considered a last-
resort therapeutic option for severe infections caused by multidrug-resistant pathogens, including carbapenem-
resistant Enterobacterales (CRE) , multidrug-resistant Acinetobacter bawmannii (MDR-Ab) , methicillin-
resistant Staphylococcus aureus (MRSA ), and vancomycin-resistant Enterococci (VRE). Previous studies gen-
erally concluded that Tet (X) family flavin-dependent monooxygenases were restricted to environmental micro-
organisms and conferred only low-level resistance to tetracyclines. However, in 2019, a Chinese research team
identified the plasmid-borne tetracycline-degrading enzymes Tet (X3) and Tet (X4) for the first time. These
enzymes confer high-level resistance to all tetracycline antibiotics, including tigecycline, in Gram-negative bac-
teria. To date, Tet (X3), Tet (X4) and their variants have spread rapidly worldwide, and their detection rates
in clinical isolates have increased annually. This development has substantially compromised the clinical efficacy
of tetracyclines and poses severe challenges to clinical anti-infective management and global public health secu-
rity. This review comprehensively summarizes the molecular structural characteristics, catalytic mechanisms,
dissemination and epidemiological patterns of various Tet (X) resistance enzymes, as well as recent advances in
the development of their inhibitors. It also analyzes the major bottlenecks currently hindering Tet (X) inhibitor
development, including poor druggability, insufficient target selectivity, unclear in vivo efficacy and limited
progress toward clinical translation. Focusing on the structural optimization of inhibitor molecules and the devel-
opment of novel screening technologies, this review future discusses future research directions and strategies for
antimicrobial resistance prevention and control. It is expected to provide a useful literature basis and research
framework for the clinical prevention and treatment of infections caused by Tet (X) -mediated tetracycline-

resistant bacteria.
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