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VES4US is a European project funded by the Horizon 2020-Future and Emerging Technology (FET) Open program, which aims to develop

an innovative platform for the efficient production of extracellular vesicles (EVs) from a renewable biosource, enabling their exploitation 

as tailor-made products in the fields of nanomedicine, cosmetics and nutraceutics (https://ves4us.eu). 

Here, we describe the newly discovered subtype of EVs derived from microalgae, which we named nanoalgosomes. Specifically, we 

focus on the cellular uptake of the nanoalgosomes, confirming that nanoalgosomes actively bypass cell membrane and that they were 

uptaken through an energy dependent mechanism.

From the microalgae-conditioned culture media we isolated two EV sub-populations: nanovesicles and microvesicles with two different 

methods, differential ultracentrifugation (dUC) the classical method for EV enrichment and tangential flow filtration (TFF).

For labeling of EVs, we selected a specific fluorescent dye: Di8Anepps. whose fluorescence is activated in apolar environments, and 

specifically enhanced when bound to the lipid membrane of EVs, with a higher quantum yield with respect to any binding to 

hydrophobic protein regions. This makes the Di-8-ANEPPS fluorescent signal highly EV-specific. The fluorescent  nanoalgosomes were 

produced as follows: 5x1010 EV particles/ml were stained with 500 nM of DI-8-ANEPPS, previously filtered by 20nm filters. After 1 hour 

at room temperature, we dialysed the samples for 24h with 3.5 Kda MWCO against PBS without Ca and Mg.  Then the fluorecence

nanoalgosomes have been incubated with cells. To perform nanoalgosomes cellular uptake we have used, normal and tumor cell of the 

same origin as a biological model system. 
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Biological Model System

Human breast cancer and normal cell lines

MDA MB 231
(breast adenocarcinoma)

1-7HB-2
(human mammary epithelial)

- EX/Em maxima bound to 
phospholipid membranes 

- Nonfluorescent until bound to 
membranes 

dUC protocol TFF protocolA B
dUC protocol TFF protocolA B

Once established that Tetraselmis chuii EVs are not cytotoxic, 

hepatotoxic or genotoxic at different concentrations and timing, we 

have determined the cross-kingdom communication among the 

microalgal sEVs and the human cells, by testing the cellular uptake. 

Cells were incubated with different concentrations of Di-8-ANEPPS-

stained Tetraselmis chuii-derived sEVs (f-EVs) (i.e., 0.5 and 2 μg/mL) 

for different incubation times, namely 3, 6 and 24 hours. To confirm 

that nanoalgosomes actively bypass cell membrane and that they 

were uptaken through an energy dependent mechanism, we 

incubated cells at 4°C, as negative control. As shown in Figure 1A, the 

f-EVs rapidly bypass the cellular membrane in MDA-MB 231 cells, to 

accumulate in specific cellular compartments after 3 hours, especially 

in the perinuclear region, only at the temperature of 37°C. Their 

distribution in the cytoplasm compartment was mostly visible after 24 

hours (Fig. 1A-C), respect to samples incubated at 4°C in which there 

were no detectable fluorescence (Fig. 1A-B, left rows). Similarly, the 

normal 1-7 HB2 cells have uptaken the f-EVs, although slowly (>6 

hours) and in a significant lower amount (Fig. 1B-C). In addition, we 

excluded aspecific green fluorescence by repeating the same studies 

using as a further negative control the dUC isolates using not-

conditioned f/2 media and stained with DI-8-ANEPPS. No fluorescence 

signal was detected from negative control images, for all the 

conditions analysed (Fig. 1A-B). Similar results were obtained with 

TFF-isolated Tetraselmis chuii-derived f-EVs and dUC-isolated 

Cyanophora paradoxa-derived f-EVs (green) (Fig. 1D and 1E, 

respectively)

To clearly discriminate between EV attachment to the cell surface and 

their uptake, detailed confocal imaging was performed. The 

intracellular localization of DI-8-ANEPPS-positive structures was 

evident, with most cells showing an accumulation of green 

fluorescence signal close to the nucleus and also accumulated in the 

cortical actin cytoskeleton; some cells showing a more dispersed 

dotted pattern (Fig. 2A-D). 
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Figure 1. Representative fluorescence microscopy images showing the cellular uptake of Tetraselmis chuii-derived f-EVs (green) in MDA-MB 231 (A) and 1-7 HB2 (B) cell 
lines (nuclei in blue), incubated with different concentrations of f-EVs at 37° C for 3, 6 and 24 hours. DUC isolates using not-conditioned f/2 media and stained with DI-8-
ANEPPS and 4°C incubation are shown as negative controls. Magnification 40X. (C) The relative green fluorescence intensities of MDA-MB 231 and 1-7 HB2 cell lines 
incubated with 2 μg/mL f-EVs, at 37° C for 3, 6 and 24 hours, or with 0.5 μg/mL f-EVs at 37° C for 24 hours are reported as relative values against the green fluorescent 
intensities of cells treated with the not-conditioned f/2 media at 37°C for 24 hours. The data are presented as means ± SD (*** p < 0.001, **** p < 0.0001). (D) Similar 
results are obtained with TFF-isolated Tetraselmis chuii-derived f-Evs.  (E) Similarly, representative fluorescence microscopy images showing the cellular uptake of 
Cyanophora paradoxa-derived f-EVs (green) in MDA-MB 231 cell lines are shown.

Figure 2. Representative confocal  images of MDA-MB 231 cell line (nuclei in blue, F-actin in red), incubated with 
2μg/mL of fluorescent nanoalgosomes (green) at 37°C for 24h, obtained from a sections at focal depth of 7 μm 
(overall section thickness of ∼15 μm), at 10x and 60x of magnification respectively. Two independent technical 
replicas (n=2) were performed.

The cellular uptake of Tetraselmis chuii- and Cyanaphora –derived nanoalgosomes is a specific and active process that occurs in a time-

and dose-dependent mode. 
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