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Abstract: Genetically engineered bacteria can improve the biodegradation efficiency of microplastics
(MPs) by directional modification of degrading enzymes, optimization of expression regulation and
enhancement of metabolic pathways, providing new technical ideas for the treatment of refractory
plastic pollution. This paper reviews the construction strategies and underlying mechanisms of geneti-
cally engineered bacteria designed to enhance the biodegradation of microplastics. It summarizes the
major approaches for developing highly efficient degradation—engineered bacteria, including chassis
host selection, mining and directed engineering of degradation enzymes, optimization of expression
and secretion system, reconstruction of metabolic pathway, and enhancement of product assimila-
tion. Recent progress in the degradation of polyethylene terephthalate (PET), biodegradable polyes-

ters, and polyolefin MPs by engineered bacteria is summarized, and the differences among plastic
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types in enzymatic depolymerization and metabolic transformation are compared. Furthermore, the
key molecular mechanisms underlying engineered—bacteria—enhanced degradation are discussed, in-
cluding enhanced enzyme—MPs interfacial contact, improved polymer chain cleavage and depolymer-
ization, promoted transport and assimilation of intermediates, and the construction of synergistic
multi—enzyme or microbial consortia. Finally, this review highlights future directions, including the
discovery of highly efficient degradation components, optimization of environmental adaptability of
engineered bacteria, controllable release and biosafety design, and development of scalable reaction
systems, providing theoretical and technological insights for the advancement of MP biodegradation
and pollution remediation.
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Table 1 ~ Representative genetically engineered bacteria for degrading different microplastics
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MHETase FArHM 21, 40%/16. 09%
KT TmFae—-PETase PET [ e i 7 VB S BB TR 50 °C. 10 d B MHET 1555.2  HPLC; SEM; FT-  [54]
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