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The world is alarmed by the new viral epidemics such as the 
novel 2019–20 Wuhan coronavirus outbreak that can be lethal.

Coronaviruses are from the subfamily Orthocoronavirinae in 
the family Coronaviridae, in the order Nidovirales. Coronaviruses 
are enveloped viruses with a positive-sense single-stranded RNA 
genome and with a nucleocapsid of helical symmetry. The genomic 
size of coronaviruses ranges from approximately 26 to 32 kilobas-
es, the largest for an RNA virus [1].

Coronaviruses primarily infect the upper respiratory and gas-
trointestinal tract of mammals and birds. They also cause a range 
of diseases in farm animals and domesticated pets, some of which 
can be serious and are a threat to the farming industry. In chick-
ens, the infectious bronchitis virus (IBV), a coronavirus, targets not 
only the respiratory tract but also the urogenital tract. The virus 
can spread to different organs throughout the chicken [2].

Bioinspired synthesis offers potential green strategies to build 
highly complex nanomaterials by utilizing the unique nanostruc-
tures, functions, and properties of biomolecules, in which the bio-
molecular recognition and self-assembly processes play impor-
tant roles in tailoring the structures and functions of bioinspired 
materials. Further understanding of biomolecular self-assembly 
for inspiring the formation and assembly of nanoparticles would 
promote the design and fabrication of functional nanomaterials for 
various applications [3].

Graphene oxide (GO) can efficiently capture viruses, destroy 
their surface proteins, and extract viral RNA in an aqueous envi-
ronment by using the superficial bioreduction of GO. It follows 
from these phenomena that GO is an excellent nanomaterial for 
the high-throughput detection and disinfection of viruses, dem-

onstrating its great potential for the prevention of environmental 
infections [4].

Currently, abundant efforts have been devoted to research on 
graphene in interdisciplinary applications due to their unique 
physicochemical, electronic and biological properties. Accompany-
ing the rapid developments of graphene, it is highly important to 
explore graphene based bio-functional nanostructures (G-BFNs) to 
bridge the gap between the fundamental advantages of graphene 
and the requirements in designing hybridized biomaterials [5].

As resistance to traditional drugs emerges for treatment of virus 
infections, the need for new methods for virus inhibition increases. 
Graphene derivatives with large surface areas have shown strong 
activity against different viruses. However, the inability of current 
synthetic protocols to accurately manipulate the structure of gra-
phene sheets in order to control their antiviral activity remains a 
major challenge [6].

2D nanomaterials, particularly graphene, offer many fascinating 
physicochemical properties that have generated exciting visions of 
future biological applications [7].

2D nanomaterials could cause structural disruption and cyto-
toxic effects to cells, which greatly challenges their promising bio-
medical applications including biosensing, bioimaging, and drug 
delivery [8]. 2D materials can mechanically insert into cell mem-
branes and extract lipids out, thus leading to the destruction of cell 
integrity. On the one hand, the cytotoxicity of 2D materials can be 
harnessed in surface engineering to resist biofouling, and on the 
other hand, it causes great concern with In vivo biomedical applica-
tions ranging from drug delivery to nanoimaging [9].
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Graphene and its derivatives have recently attracted much at-
tention for sensing and deactivating pathogens. However, the 
mechanism of multivalent interactions at the graphene–pathogen 
interface is not fully understood. Since different physicochemical 
parameters of graphene play a role at this interface, control over 
graphene's structure is necessary to study the mechanism of these 
interactions [10].

A summary of recent advances in the biocompatibility, toxicol-
ogy and applications of graphene-based nanomaterials in biosys-
tems is presented in figure 1:

Figure 1: Overview of the biocompatibility, toxicology and 
applications of graphene-based nanomaterials in biosystems. 

Source: [11].

Functional graphene nanomaterials (FGNs) are fast emerging 
materials with extremely unique physical and chemical properties 
and physiological ability to interfere and/or interact with bioor-
ganisms; as a result, FGNs present manifold possibilities for diverse 
biological applications. Beyond their use in drug/gene delivery, 
phototherapy, and bioimaging, recent studies have revealed that 
FGNs can significantly promote interfacial biointeractions, in par-
ticular, with proteins, mammalian cells/stem cells, and microbials. 
FGNs can adsorb and concentrate nutrition factors including pro-
teins from physiological media. This accelerates the formation of 
extracellular matrix, which eventually promotes cell colonization 
by providing a more beneficial microenvironment for cell adhesion 
and growth. Furthermore, FGNs can also interact with cocultured 

cells by physical or chemical stimulation, which significantly medi-
ate their cellular signaling and biological performance [12].

In a recent study, Deokar., et al. [13] showed the design and 
synthesize sulfonated magnetic nanoparticles functionalized with 
reduced graphene oxide (SMRGO) to capture and photothermally 
destroy herpes simplex virus type 1 (HSV-1). 

In another important contribution, remarkable observations 
on the adsorption and desorption mechanisms of single-stranded 
oligonucleotides and the hybridization of double-stranded DNA 
(ds-DNA) on a graphene oxide (GO) surface have been made using 
ensemble and single-molecule fluorescence methods. Probe and 
target DNAs labeled individually with fluorescence resonance en-
ergy transfer (FRET) pairs and having similar adsorption affinities 
toward the GO surface are used to provide detailed insights into the 
hybridization mechanism. Single-molecule FRET results reveal an 
“in situ” DNA hybridization mechanism, i.e., hybridization between 
the probe and target DNAs to form a ds-DNA, and simultaneous de-
sorption from the GO surface thereafter. The results demonstrate 
that the electrostatic interaction between DNA and GO is of little 
importance to the overall theory of interaction and the largest ef-
fects are from solvation forces, specifically the hydrophobic effect. 
This investigation improves the fundamental understanding of the 
DNA hybridization dynamics on the GO surface, opening new win-
dows in the field of biophysics as well as in sensing and therapeutic 
applications [14].

Polysulfated nanomaterials that mimic the extracellular cell 
matrix are of great interest for their potential to modulate cellular 
responses and to bind and neutralize pathogens. However, control 
over the density of active functional groups on such biomimetics 
is essential for efficient interactions, and this remains a challenge 
[15].

The combination of biomolecules with graphene-based mate-
rials offers a promising method to fabricate novel graphene–bio-
molecule hybrid nanomaterials with unique functions in biology, 
medicine, nanotechnology, and materials science [16].

Thus, the study and application of 2D functionalized nanoma-
terials especially using graphene oxide is of great interest to the 
scientific community in the fight towards the eradication of novel 
coronaviruses.
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