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Fig.1 Biofilm colonization sites and infectious symptoms of pathogenic bacteria
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Fig.2 Nano-biomaterials eradicate bacteria in the biofilm by dispersing extracellular polymeric substances
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Fig. 3 Nano—biomaterials block intracellular signal transmission to regulate bacterial homeostasis
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Abstract Bacterial biofilms gave rise to persistent infections and multi-organ failure, thereby posing a serious
threat to human health. Biofilms were formed by cross-linking of hydrophobic extracellular polymeric substances
(EPS), such as proteins, polysaccharides, and eDNA, which were synthesized by bacteria themselves after
adhesion and colonization on biological surfaces. They had the characteristics of dense structure, high
adhesiveness and low drug permeability, and had been found in many human organs or tissues, such as the brain,
heart, liver, spleen, lungs, kidneys, gastrointestinal tract, and skeleton. By releasing pro-inflammatory bacterial
metabolites including endotoxins, exotoxins and interleukin, biofilms stimulated the body’s immune system to
secrete inflammatory factors. These factors triggered local inflammation and chronic infections. Those were the
key reason for the failure of traditional clinical drug therapy for infectious diseases.In order to cope with the
increasingly severe drug-resistant infections, it was urgent to develop new therapeutic strategies for bacterial-
biofilm eradication and anti-bacterial infections. Based on the nanoscale structure and biocompatible activity,
nanobiomaterials had the advantages of specific targeting, intelligent delivery, high drug loading and low toxicity,
which could realize efficient intervention and precise treatment of drug-resistant bacterial biofilms. This paper
highlighted multiple strategies of biofilms eradication based on nanobiomaterials. For example, nanobiomaterials
combined with EPS degrading enzymes could be used for targeted hydrolysis of bacterial biofilms, and effectively
increased the drug enrichment within biofilms. By loading quorum sensing inhibitors, nanotechnology was also an
effective strategy for eradicating bacterial biofilms and recovering the infectious symptoms. Nanobiomaterials
could intervene the bacterial metabolism and break the bacterial survival homeostasis by blocking the uptake of
nutrients. Moreover, energy-driven micro-nano robotics had shown excellent performance in active delivery and
biofilm eradication. Micro-nano robots could penetrate physiological barriers by exogenous or endogenous
driving modes such as by biological or chemical methods, ultrasound, and magnetic field, and deliver drugs to the
infection sites accurately. Achieving this using conventional drugs was difficult. Overall, the paper described the
biological properties and drug-resistant molecular mechanisms of bacterial biofilms, and highlighted therapeutic
strategies from different perspectives by nanobiomaterials, such as dispersing bacterial mature biofilms, blocking
quorum sensing, inhibiting bacterial metabolism, and energy driving penetration. In addition, we presented the
key challenges still faced by nanobiomaterials in combating bacterial biofilm infections. Firstly, the dense
structure of EPS caused biofilms spatial heterogeneity and metabolic heterogeneity, which created exacting
requirements for the design, construction and preparation process of nanobiomaterials. Secondly, biofilm
disruption carried the risk of spread and infection the pathogenic bacteria, which might lead to other infections.
Finally, we emphasized the role of nanobiomaterials in the development trends and translational prospects in

biofilm treatment.
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