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Abstract Due to the unique physicochemical properties, graphene oxide has been widely applied in material chemistry,
biomedical science and life science. However, here is still a great challenge to maximize the advantages of graphene oxide
and overcome the deleterious effects caused by its inherent properties. For a better understanding of current status in this
research field, recent progress in surface chemical modifications of graphene oxide and interaction mechanisms at the
nano-bio interface has been comprehensively reviewed. First, the physicochemical properties of graphene oxide and the rep-
resentative strategies of surface chemical modifications will be briefly introduced, including oxidation and reduction, carbox-
ylation, amination, small organic molecule modification, polymer modification, peptide/protein modification, nucleic acid
modification and nanoparticle modification, as well as their potential roles in mediating the graphene oxide-resulted biologi-
cal effects. Following, we will present the primary interaction mechanisms of pristine and surface-modified graphene oxide at
the nano-bio interface, including the formation of protein corona, cell membrane damage, membrane receptor interaction and
oxidative stress. Finally, the knowledge gaps and future challenges in this research field will be detailedly discussed.
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Figure 1 Classification grid for the categorization of different graphene
types according to three fundamental graphene based materials properties:
number of graphene layers, average lateral dimension, and atomic car-
bon/oxygen ratio. Reprinted with permission from ref. [18]. Copyright
2020 Wiley-VCH.
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Figure 2 Na,S induced morphological changes of parental GO from the
sheet-like to the polygonal curled shape for rGOs and the cellular mor-
phological changes of two macrophages after treated with GO and rGO.
Reprinted with permission from ref. [46]. Copyright 2020 Royal Society
of Chemistry.
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Figure 3 Schematic representation for a GO-DOX conjugation through
n-n stacking. Reprinted with permission from ref. [68]. Copyright 2020
Dove Press Ltd.
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Figure 4 (a) Chemical structures of pristine GO and its derivatives,
GO-NH,, GO-PAM, GO-PAA and GO-PEG. (b) Representative AFM
images with height profiles. (c) Histological examination of lungs with
H&E and Masson’s trichrome staining from mice post treatment of 1
mg/kg GO materials for 14 days (original magnification, X 100). Re-
printed with permission from ref. [77]. Copyright 2016 American
Chemical Society.
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Figure 5 (a) Structure of GO. (b) Modification of terminal groups
(—COOH) of monolayers of GO by surface-confined ester reactions. (c)
Carboxyl groups ending in -COOH cause GO surface to exhibit affinity
for NH, end of protein. Reprinted with permission from ref. [87].
Copyright 2014 Springer Nature.
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Figure 6 (a) Representative TEM images of bulk MoS,, MoS,/GO
nanocomposite, and GO. (b) Representative AFM topography of
MoS,/GO and GO. (c) ICG fluorescent images of lungs from mice 24 h
post-injection of free ICG and ICG-loaded nanomaterials. (d) The overall
schematic diagram depicting the functionality and biocompatibility en-
hancement through synthesizing the MoS,/GO nanocomposites. Reprint-
ed with permission from ref. [103]. Copyright 2018 Springer Nature.
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Figure 7 AFM images of GO, FBS- and BSA-coated GO. Reprinted
with permission from ref. [109]. Copyright 2015 Royal Society of Chem-

istry.
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Figure 8 Possible interactions between graphene-related materials with
cells. (a) Adhesion onto the outer surface of the cell membrane. (b) In-
corporation in between the monolayers of the plasma membrane lipid
bilayer. (c) Translocation of membrane. (d) Cytoplasmic internalization.
(e) Clathrin-mediated endocytosis. (f) Endosomal or phagosomal inter-
nalization. (g) Lysosomal or other perinuclear compartment localization.
(h) Exosomal localization. Reprinted with permission from ref. [112].
Copyright 2014 American Association for the Advancement of Science.
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Figure 9  Schematic deciphering the molecular basis underlying
GO-induced impairments to plasma membrane and cytoskeleton, where
integrin-FAK-Rho-ROCK signaling was uncovered to be compromised
responding to GO treatment. Reprinted with permission from ref. [118].
Copyright 2017 American Chemical Society.
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Figure 10 Surface oxidation of GO determines membrane damage and
lipid peroxidation. Reprinted with permission from ref. [45]. Copyright
2018 American Chemical Society.
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