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Graphene quantum dots (GQDs) belong to the group of promising nanomaterials for the
development of bio-sensing systems. GQDs consist of several sp2-hybridized graphene sheets,
with a lateral size from several to 10 nm. The GQDs edge can be functionalized with hydroxyl,
carbonyl, carboxyl groups. Functionalized GQDs are water-soluble and more stable in
physiological media than graphene oxide. GQDs can also act as a donor/acceptor of electrons
[1], thus being sensitive to reduction/oxidation processes in living systems, e.g., neutrophils.

The aim of this work was to investigate the mechanisms of interaction of GQDs with
human neutrophils and reveal the potential for the detection of reactive oxygen and chlorine
species (ROS/RCS) during cell activation. Neutrophils were isolated from the whole blood of
healthy donors. GQDs were added to the cells at a concentration of 50 pg/mL, the incubation
time was 30-90 min. Intracellular GQDs distribution, F-actin reorganization, myeloperoxidase
(MPO) redistribution and release were performed via fluorescence microscopy.

Incubation of neutrophils with GQDs for 30 minutes led to their accumulation in cells
and cell activation, although no cytotoxic effect was revealed. A more pronounced activation of
neutrophils exposed to GQDs for 90 minutes was observed. This was manifested in a greater
spreading of cells than in control, in the modification of actin cytoskeleton, secretion of MPO
to the outer space and the formation of neutrophil extracellular trap-like structures. The intensity
of GQDs fluorescence in neutrophils after 30 min of cell adhesion was three times higher than
after 90 min of adhesion, indicating the destruction and/or disruption of the GQDs structure
after penetration into neutrophils (Fig. 1). Hypochlorite ions, produced via neutrophils
activation and MPO release led to a decrease in the GQD fluorescence via their structure
changes allowing to estimate the intensity of reduction/oxidation processes (RCS increase).

——Control, 30 min
Control, 90 min
GQDs, 30 min

— GQDs, 90 min

Fluorescence intensity (arb.un.) (3

e

500 550 800 650 700

Wavelength (nm)

Fig. 1. Interaction of GQDs with neutrophils during cell adhesion: a — fluorescence images of neutrophils
accumulated GQDs over 30 min, b — fluorescence images of cells accumulated GQDs over 90 min, ¢ — fluorescence
spectra of cells accumulated GQDs and in control cells. Aex = 470 nm, Aem = 525 nm.
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