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Abstract: To address the growing global challenge of antibiotic resistance, the development of novel drug
formulations with high specificity, excellent antibacterial activity, and the ability to reduce the generation of
bacterial resistance has become an urgent and critical task. Recently, new molecular materials with aggregation-
induced emission (AIE) properties have shown great potential in disease treatment due to their unique luminescent
properties and high biocompatibility. By combining phage therapy with AIE-based photodynamic therapy (PDT), a
new antibacterial strategy, known as AIE-armed phages, has been developed. This innovative approach not only
enables bacterial imaging in vivo but also enhances targeted bacterial eradication through the synergistic effects of
PDT and phage therapy. This review summarizes the research progress of AIE-armed phages, highlighting the
unique targeting and visualization capabilities of this biological conjugate, demonstrating its potential to precisely
locate and effectively eliminate bacteria, and discusses future directions for optimizing AIE-armed phages.
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Table 1  Application, advantages and disadvantages of AIE-armed bacteriophages. AIE: Aggregation-induced emission; PDT: Photodynamic

therapy; AlEgen: Aggregation-induced emission luminogens; DNA: Deoxyribonucleic acid; P. aeruginosa: Pseudomonas aeruginosa

Research Structural formula of Connection L. .
Application Advantage Disadvantage Reference
strategy AlEgen method
TVP-PAP Q Carboxylic acid ~ Targeted imaging and ~ High specificity, real-time Narrow host range, [31]
N and amine reaction synergistic PDT for fluorescence imaging, targets only specific
©/ % \/\)OL killing P. aeruginosa deep tissue penetration bacterial strains
S capability
s
MS2-DNA- Q — o Covalent Eliminate intracellular ~ Improved intracellular Complex synthesis  [32]
AlEgens NW@:L\ modification of  bacteria and treat delivery efficiency, high  steps, requires
conjugate @ * DNA and intracellular infections ~ biocompatibility optimization of
electrostatic photosensitizer
adsorption stability
TBTCP- .. Sulfhydryl- Treatment and rapid Rapid diagnosis and Requires customized [33]
PMB phage oL L~ " nucleophilic diagnosis of multidrug-  synergistic immune formulation,
cocktail I reaction resistant bacterial modulation insufficient clinical
therapy infections such as sepsis validation
TPE-PBA O Physisorption Rapid detection of toxic Sensitive, rapid, and Cost-effectiveness [34]
armed O ” O bacterial strains specific issues in practical

bacteriophage O O .

testing applications
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Figure 1 Overview of AlE-armed phage-driven targeting, imaging,
and synergistic antibacterial effects, including bacterial recognition,

fluorescence imaging, phage infection, and ROS-based photodynamic
inactivation. Reprinted with permission from reference®'.
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Figure 2 Targeting bacteria and synergistic antibacterial mechanism
of MS2-DNA-AIEgen conjugates. MDA: MS2-DNA-AlEgen;

IL-6: Interleukin 6; TNF-a: Tumor necrosis factor alpha; IL-10:

Interleukin 10. Reprinted with permission from reference.
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Figure 3 Schematic diagram of TBTCP-PMB armed phage cocktail therapy for treating sepsis. P-E. coli: Phage for Escherichia coli

P-MRSA: Phage for methicillin-resistant Staphylococcus aureus; P-P. aeruginosa: Phage for Pseudomonas aeruginosa; P-S. typhimurium:

Phage for Salmonella typhimurium; MRSA: Methicillin-resistant Staphylococcus aureus. Reprinted with permission from reference

Copyright © 2022 Wiley-VCH GmbH
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Figure 4 Schematic diagram of blood sample analysis using TBTCP-PMB armed phage in clinical sepsis patients. CLSM: Confocal laser

scanning microscopy. Reprinted with permission from reference. Copyright © 2022 Wiley-VCH GmbH
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