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Abstract: With the widespread and abuse of antibiotics, the drug-resistance of bacteria are becoming much stronger and
harder to be conquered. Infections caused by drug-resistant bacteria have posed a serious challenge to public healthcare,
which have caused tremendous deaths and excess healthcare expenditures. The development of nanotechnology paves a new
way to solve this knotty problem. Among various antimicrobial nanomaterials, graphene oxide has special morphological di-
mensions and physicochemical properties, which allows it with diverse antimicrobial capabilities. The features of large spe-
cific surface area, good electron conductivity and abundant oxygen-containing functional groups on the surface make graphene
oxide be an ideal platform for compounding with other antimicrobial materials and acting as a synergistic antimicrobial agent
with other antimicrobial nanomaterials. This paper reviews the constructions of antimicrobial nanomaterials based on gra-
phene oxide or graphene oxide-based composite, the mechanisms of antimicrobial effect and recent controversies, as well as
the latest development of graphene oxide based antimicrobial composite nanomaterials. Then, we further discuss the key role
of graphene oxide in different materials for synergistic antimicrobial properties, and finally provide new ideas for the develop-
ment of efficient graphene oxide based antimicrobial nanomaterials.
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Fig. 1 Issues and relative proportion of published articles on alternative methods in the control of multidrug-resistant

pathogens up until 2019tY
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Fig.2 TEM images of E. coli exposed to graphene oxide nanosheets in different stages[ss] . (a) stage I . initial morphology of E. coli;

(b, c¢) stage Il ; partial damage of bacteria cell membranes, with some bacteria showing a lower density of surface phospholipids ;

(d~f) stage Il : complete loss of membrane integrity with some cytoplasm missing ( Type A shows the cut-off mechanism, while

Type B shows phospholipids extract)
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Fig.3 TEM images of graphene oxide (GO) based nanocomposites for antibacterial applications: (a) GO/Ag NPst7); (b) GO/
CuO NPst1; (¢) GO/Fe,0, NPsI®!; (d) GO/Zn0O NPsI™®); (e) GO/TiO, NPsPU () GO/Au NPs!®
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Fig. 4 Schematic and performance of synergistic bacteria-killing through the innate antimicrobial ability of Ag” and the photodynamic effect of GO/
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