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GLOSSARY OF TERMS 

Term Definition 

MSCs Mesenchymal Stromal Cells 

T.Chuii Tetraselmis Chuii (Microalgae) 

EVs Extracellular Vesicles 

NTA Nanoparticle Tracking Analysis 

fNTA Fluorescence mode NTA 

DLS Dynamic Light Scattering 

AFM Atomic Force Microscopy 

Cryo-TEM Cryo-Transmission Electron Microscopy 

CONAN (assay) COlorimetric NANoplasmonic assay 

WB Western Blot 

gUC gradient UltraCentrifugation  

dUC differential Ultra Centrifugation 

BCA (assay) BicinChoninic Acid assay 

TLC Thin Layer Chromatography 

FTIR Fourier Transformed Infra-Red Spectroscopy 

TFF Tangential Flow Filtration 

SEC Size Exclusion Chromatography 

QC  Quality Control 

Nanoalgosomes Microalgal-derived EVs 

AuNPs Gold Nanoparticles 

MBDs Magnetic Beads Nanodevices 

evMBDs EV membrane coated MBDs 
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1. INTRODUCTION & OVERVIEW 
The activities of WP1 are targeted towards the production of high-quality Extracellular Vesicles (EVs) 

to feed the other activities of the project. The main objective of deliverable D.1.3 is to present the 

important parameters and associated techniques necessary for a thorough characterisation of EVs, 

and at the same time to introduce the first related results obtained in the first year of the project. 

In the last decade, the impressive growth of scientific studies on EVs fostered the need to build a 

consensus on the information required for adequate and robust EV characterisation (Thery et al. 2018). 

In this context, we faced two specific challenges within the BOW project: (i) to identify the parameters 

suitable for the minimum adequate description of the EVs derived from two different sources featured 

in the project, namely MSCs and Microalgae, and (ii) to establish within the consortium the toolbox of 

instruments and measurements necessary to achieve such a description for all the batches produced 

in WP1 for next use. In pursuing this, we took into account the recommendations from the International 

Society of Extracellular Vesicles and the Minimal Information for Studies on Extracellular Vesicles 

(MISEV) published in 2014 (Lötvall et al. 2014) and then updated in 2018 (Thery et al. 2018). At the same 

time, we synergistically leveraged the Consortium knowledge about EV colloidal, biophysical and 

biochemical characterisation (see for example Zendrini et al. 2020, Ridolfi et al 2020, Picciotto et al. 

2021, Adamo et al. 2021).  

As set in the Grant Agreement, D1.3 as well as the associated literature and datasets are made 

available at www.zenodo.org (doi: 10.5281/zenodo.5566570), which is an OpenAIRE-compliant 

repository (www.openaire.eu). 

Finally, it is worth to notice that, as planned, D1.3 substantially contributed to set the experimental 

experience necessary for task T3.3, which started at month 12 and is about the physicochemical 

characterization of the EV membrane coated MBDs (evMBDs).  

2. PHYSICOCHEMICAL PROPERTIES & QUALITY TEST 

In Table 1 we report the main properties required for EV characterisation, the techniques used within 

the BOW consortium to measure these properties, the laboratories where such techniques are used, 

and the samples amount required to run each experiment. The last column in the table indicates (i) if 

the experiments are performed routinely for each single EV batch produced [R], (ii) if the technique is 

used for a backup experiment to complement the other techniques or as an alternative technique [B], 

or (iii) if a specific measurement is only performed to achieve a thorough and complete 

characterisation of the EVs produced [C]. The latter case includes experiments that are either time-

consuming or require a large sample amount. 

  

http://www.zenodo.org/
http://dx.doi.org/10.5281/zenodo.5566570
https://www.openaire.eu/
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Physicochemical properties & quality test 

Property Technique Partner (Lab) Sample volume & 
[EVs/mL] 

Routine (R), Back-up 
(B), Complete (C) 

1. SIZE  
(size distribution) 

DLS CNR (Palermo), CSGI 
(Firenze), MPIP (Mainz) 50 µL [1010 -1012] R / B 

NTA CNR (Palermo), 1 mL [108 -109] R / B 

AFM CNR (Palermo, Bologna) 5 µL [1010-1011] B 

2. AMOUNT 
(concentration) 

Number density: 
NTA 

CNR (Palermo) 1 mL [108 -109] R 

Protein amount: 
BCA assay  

CNR (Palermo), CSGI 
(Brescia) 15 µL [1010 -1011] R 

Lipid amount: 
CONAN assay CSGI (Brescia) 2 µL [1010 -1011] B 

3. MORPHOLOGY 
AFM CNR (Palermo, Bologna) 5 µL [1010 -1011] R / C 

Cryo-TEM MPIP (Mainz) 20 µL [1010 -1011] B 

4. IDENTITY 
(protein marker) WB CNR (Palermo), CSGI 

(Brescia) 15 µL [1010 -1011] R 

5. DENSITY gUC CNR (Napoli), CSGI 
(Brescia) 1 mL [109] C 

6.NANOMECHANICS AFM CNR (Palermo, Bologna) 50 µL [1010 -1011] C 

7. PURITY 

CONAN CSGI (Brescia) 2 µL [1010 -1011] R 

F-NTA CNR (Palermo) 1 mL [109] B 

FCS CNR (Palermo), CSGI 
(Firenze) 50 µL [109 -1011] B 

AFM CNR (Palermo, Bologna) 50 µL [1010 -1011] B 

8. STABILITY 
(In solution and biological 
fluids  

DLS CNR (Palermo), CSGI 
(Firenze), MPIP (Mainz) 50 µL [1011 -1012] C 

Zeta potential CNR (Palermo), CSGI 
(Firenze), MPIP (Mainz) 1 mL [108 -109] C 

9. MEMBRANE & CARGO 
CONTENT 

Protein content: 
GC-MS 

CNR (Napoli) 1 mL [1012 -1013] C 

Lipid content: GC-
MS CNR (Palermo, Napoli) 1 mL [1012 -1013] C 

Lipid content: 
FTIR 

CNR (Palermo), CSGI 
(Brescia) 50 µL [109 -1011] C 

Lipid content: TLC CNR (Palermo, Napoli), 
CSGI (Brescia) 50 µL [109 -1011] C 

Table 1. Physicochemical properties & quality test. 
 



 

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant 
agreement No 952183 

  8 / 15 

     
  D1.3: Characterization of EVs 

2.1. SIZE 

The size of purified EV is one of the key physical properties that needs to be measured for each single 

batch. Since EVs are made by a heterogeneous population of nanoparticles, a substantial effort is 

devoted to measure the size distribution, and their main parameters, namely the average size and the 

width of the distribution. 

The consortium exploited different techniques to determine the average size of vesicles and their size 

distribution. An example is given in Figure 1 and 2 for EVs derived from microalgae (nanoalgosomes). 

1) Dynamic light scattering (DLS). By light scattering one can directly determine the complete 

distribution of hydrodynamic diameters. Therefore, it allows to determine if small particle, like free 

proteins, or even large-size contaminants are present in the EVs solution, thus requiring further 

purification steps. The highlighted parameters are the z-averaged hydrodynamic diameter, which 

is the best estimation of the average EV size, and the polydispersity index (PDI), which is the 

normalized variance of the diffusion coefficient distribution, and thus it is directly related to the 

width of the size distribution (Figure 1). 

2) Nanoparticle tracking Analysis (NTA). The size distribution of diluted EV samples can be also 

measured by NTA, which is also routinely performed to measure EV concentration. Since this assay 

tracks individual particles, NTA measures a number size distribution. On the other hand, the 

sampling of smaller particles is limited due to their lower scattering, which is covered by the signal 

of larger particles. This determines a closer analogy between NTA distribution, and the weight 

average distribution observed in DLS experiments (Figure 2). 

3) Atomic Force Microscopy (AFM). Vesicles are deposited on a glass substrate functionalised either 

with APTES to link amine groups exposed on the surface of EVs or with PolyLysine also providing 

a favourable electrostatic interaction with EVs, alternatively they can be directly deposited on a 

mica substrate. A large portion of the sample (e.g., 5 μm2) is scanned and imaged by quantitative 

imaging or tapping mode. The images are analysed by a homemade software able to identify 

individual vesicles and determine their size distribution. 
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Figure 1. Size distribution obtained from DLS measurements of nanoalgosomes (Lot. #D12R2). The raw data are 
the intensity autocorrelation functions measured as in Adamo et al. 2021 and, fitted by using a Gaussian 
distribution of diffusion coefficients. 

 

Figure 2. Size distribution obtained from NTA measurements of Algosmes (Lot. #D12R2). The raw data are the list of 
particle diameters of each particles observed. Experiments are performed as described in Adamo et al. 2021. 
 

2.2. CONCENTRATION 

The amount of EVs in each sample is estimated by measuring different orthogonal quantities. 

1) Nanoparticle tracking Analysis (NTA). The diffusion coefficient of each single particle in the sample 

is determined by NTA. Adequately long measurements allow to achieve an optimum sampling and 

thus to estimate the EV number density. This measurement is routinely performed after each 

purification step. 
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2) Bicinchoninic Acid (BCA) assay. The total protein mass concentration is estimated by BCA assay. 

This assay is routinely performed on each batch along with NTA analysis for different reasons: (i) it 

is a standard way to quantify the EV amount in the scientific community, (ii) it gives an orthogonal 

quantification method with respect to NTA, which may underestimate the EV number in the case 

of broad EV size distribution.  

EV number density and protein concentration are expected to be strictly correlated, as we have 

verified in the case of microalgae-derived EVs. Interestingly, both quantities are correlated with the 

scattered intensity measured at large angles in DLS experiments (expressed in terms of Rayleigh ratio, 

R90) (Adamo et al. 2021). The latter observation is not trivial since many factors contribute to DLS 

Raileigh ratio, including the mass and shape of particles; nevertheless, a correlation with the mass 

concentration may be expected if the size distribution is not broad. 

3) An alternative method to estimate the EV concentration is based on the CONAN assay. This 

technique exploits the plasmonic resonance of gold nanoparticles (AuNPs) to measure soluble 

protein content (and therefore sample purity, refer to section 2.5) and estimate lipid concentration. 

After a calibration with liposomes of known concentration, one may determine the lipid 

concentration of EV samples, and by reasonable hypothesis infer the vesicles number 

concentration. An example is given in Figure 3 for a specific nanoalgosome batch (Lot# D12R1). 

Figure 3. Lipid concentration of nanoalgosomes (Lot. #D12R2) determined by CONAN assay. A calibration curve of 
aggregation Index (AI) is measured for liposomes, as in Zendrini et al 2020). The raw data include this calibration 
curve and the spectra used to determine the AI for EV and reference samples. 
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2.3. MORPHOLOGY 

The morphology and shape of EVs is assessed by using AFM and cryo-TEM. Cryo-TEM is a high-

resolution technique, which allow to assess the actual shape of EVs, as well as to visualise the lipid 

bilayer and the EV contour. It is not routinely performed since it requires an extensive sample 

treatment and amount, as described in our previous work on nanoalgosomes (Adamo et al. 2021) 

(Figure 4).  

   
 Figure 4. Cryo-TEM image of nanoalgosomes, adapted from Adamo et al. 2021. 
  

AFM is extensively used in the BOW consortium to characterise EV samples. With respect to cry-TEM, 

samples require no treatment to be imaged by AFM. Therefore, notwithstanding its lower resolution, 

it is performed routinely on most of the EV production (Figure 5). 

 
Figure 5. Representative wide field tapping-mode AFM image in air of nanoalgosomes (sample and experimental 
procedure as in Adamo et al. 2021). The coloured scale on the right indicates the height. 
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2.4. PROTEIN MARKERS 

The identity of EV samples should be assessed by evaluating the presence of specific protein markers 

by immunoblot analysis (Figure 6). In particular, the presence of transmembrane proteins allows to 

demonstrate the presence of a lipid bilayer; also, the presence of a cytosolic protein enriched in EV 

preparation allows to verify the existence of intracellular material in intact vesicles. The latter type of 

proteins is assessed in the consortium by using evolutionary-conserved proteins, such as Alix or beta-

actin. For the transmembrane proteins, a more dedicated analysis was taken to address EVs from 

different sources. Indeed, while for MSC-derived EVs one may use one of the common tetraspannin 

protein, for the microalgal EVs we identified the H+ATPase (Adamo et al., 2021 and Figure 6). The 

evaluation of proteins from non-EV structures or produced by bacteria is also recommended to check 

for sample contaminant. We routinely perform the analysis of TET8 and OmpA to test nanoalgosome 

preparations for bacterial contamination. 

 

Figure 6. A representative immunoblot analysis of protein markers (Alix, H+/ATPase, Enolase, β-actinin) of small 

(sEVs) and large (lEVs) nanoalgosomes isolated by dUC and TFF. Adapted from Adamo et al. 2021 

 

2.5. DENSITY 

Density gradient ultracentrifugation is used to determine the EV density. As in Adamo et al. 2021, we 

use iodixanol gradient to separate different fraction and directly determine their density. In the case 

of nanoalgosomes, the presence of EVs could be confirmed by Alix and H+/ATPase positivity in a 
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specific fraction (Fraction 5 and 6 in figure 8). The density of this fraction was measured to be 1.13 

g/ml, that is slightly lower than the density of mammalian exosomes (Théry et al., 2006). 

 

Figure 7. The density of the ten fractions measured in the gradient ultracentrifugation (gUC) of TFF and dUC 

nanoalgosome samples. Fractions 5 and 6 were most abundant in EVs concentration and protein markers. 

Adapted from Adamo et al. 2021. 

 

2.6. NANOMECHANICS 

Vesicles are characterized also in term of their nano mechanical properties by mean of a 

morphometric analysis of the AFM images. Different vesicles are known to display a different stiffness 

according to their membrane lipid composition and internal pressure; upon adsorption onto a properly 

functionalized surface (see paragraph 2.1 for details) they assume a larger or smaller deformation 

induced by the surface attraction depending on their stiffness. This is quantified by mean of the 

contact angle between the vesicle and the surface that is obtained by image analysis. The final 

throughput is a scatter plot where for each EV the contact angle is reported as a function of its size. 

This analysis allows to reliably distinguish in an image the vesicles from other biological objects of 

similar shape/size but different composition that could be present in the sample. 

 

2.7. PURITY 

The purity of sample preparation is an important part of the routine quality test and can be addressed 

by using different approaches. 

1) The CONAN assay. The assay relates the aggregation of AuNPs at the surface of EVs with the level 

of soluble protein contaminants in solution, through the Aggregation Index (AI, as described in 
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Zendrini et al. 2020). This straightforward assay requires a low sample amount and low experimental 

time; thus, it is our election techniques to routinely determine sample purity (Figure 4). 

2) Alternatively, one may use lipophilic fluorescent dyes, such e.g. Di8-ANEPPS, to label EV membrane 

and then measure the vesicle number concentration by NTA in fluorescence mode, or fluorescence 

correlation spectroscopy (FCS), as reported in our previous works (Montis et al 2017, Adamo et al. 

2021). 

3) A further quality test can be performed by using AFM: (i) the imaging of deposited samples allows 

to visually determine spurious objects; (ii) the scattering plot described in previous section allows to 

detect non-EV contaminants. 

 

2.8. STABILITY 

Different methods can be used to assess the stability of EVs in EV preparations as well as in biological 

fluids. These are important properties for a complete EV characterisation, while not required for each 

single lot. We already started to measure some properties for nanoalgosomes (see Adamo et al. 2021) 

1) Zeta potential. The surface charge of biological membrane is a key parameter to determine their 

stability. It is typically assessed by measuring the zeta potential in saline buffers. For nanoalgosomes 

in 0.1 KCl (pH 7.4) we found a zeta potential of about -13 mV, confirming the negative surface charge. 

2) Stability at different pH and temperature. By using DLS, we assessed the remarkable stability of 

nanoalgosomes in wide pH range (4-9) and up to 50 °C. 

3) Stability in biological fluids. By DLS measurement, we have assessed the stability of nanoalgosomes 

against aggregation upon resuspension in human blood. 

 

2.9. MEMBRANE AND CARGO CONTENT 

To achieve an exhaustive characterisation of EVs, one should address the full composition in terms of 

lipid, protein, and other structural components. A proteomic analysis can be made by GC-MS. The 

same technique can be used for lipidomics. Also, other technique can be used to assess the lipid 

content with a lower detail, such as TLC or FTIR, which allows to compare the protein and lipid 

component (Paolini et al. 2020). 
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