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Extracellular vesicles (EVs) are small nanostructures surrounded by a lipid bilayer-based

biomembrane. They are secreted by all types of cells. They are widely studied in

mammalian cells when compared to plant cells. EV-like vesicles have been isolated from

different parts of edible plants, like ginger and carrot roots or grapes, grapefruit1,

clementine2 and tomato fruits. Plant-derived nanovesicles are being exploited as

delivery vectors for nutraceuticals and cosmeceuticals. There is a longstanding debate

on the capability of plants to secrete EVs outside their semi-rigid cell wall3.

GreenEV is a H2020-MSCA-IF-2019 European project started on 1st December, 2020. Its

main objective is to develop a novel continuous EV production system. In greenEV

project we will study two model plants: tomato (S. lycopersicum L) and gingko. Here, we

present our preliminary results in the establishment of cell tissue culture of tomato for

the production of EVs using two varieties of tomato, M82 and Microtom.

Cell tissue culture:

The tomato seeds were sterilized according to established protocols. Seeds were cultured

on Murashige and Skoog (MS) medium under aseptic conditions. The cultures were

incubated under controlled conditions at 25°C for germination. Segments of leaves,

stems and roots taken from the in vitro grown seed plants and were used for callus

induction in MS medium containing 2,4-Dichlorophenoxy acetic acid (2,4-D) at 2mg/L

(w/v). After two sub-culturing, calli were placed on the cell suspension culture medium,

i.e. MS liquid media with 2,4-D (2 mg/L) without any agar and was maintained under

suitable conditions. Cell suspension cultures were initiated by culturing cells in liquid

media. 4 successive subcultures were collected for counting the cells and to isolate EVs.

Isolation of EVs:

The EVs were isolated from cell suspension culture from the three different parts (stems,

leaves and roots) by using differential ultracentrifugation (dUC) method. Isolated EVs

were characterized by protein content using the micro BCA assay with nanodrop

detection. Density of the EV containing fractions were determined by iodixanol gradient

ultracentrifugation. SDS PAGE analysis was performed under standard conditions.

The various steps used in this work is shown in Fig 1.

The seeds started to grow after 1-2 weeks. All segments from leaves, stem and root on the MS

medium with 2,4,D (2 mg/L) were characterized as being fast callus induction (Fig.2A,B). For

initiation of the suspension cell culture and for subculturing liquid media containing 2,4-D at 2mg/L

were found to be effective. Within 4 subculturing these media gave rise loose, friable cells from

cultured callus (Fig.3A,B).

High yields of EVs were obtained from the different suspension cultures using dUC isolation

method (Table 1). M82 leave suspension culture produced the highest EV protein amount (92

µg/mL culture medium) followed by Microtom leave and root. The highest EV yield per cell was

associated to Microtom root (233 pg protein per cell) followed by M82 leave. Based on this data

the best EV producing batch culture system were M82 leave and Microtom root (Fig 4).

Protein profiles of the EVs isolated from the different batch suspension culture by SDS are shown in

Fig 5.

The density of EVs was measured for the M82 stem samples using iodixanol continuous gradient

ultracentrifugation. Two visible bands were observed at 1.098 and 1.117 g/mL densities (Fig 6A,B).
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We successfully set up the batch suspension cultures for

M82 and Microtom tomato varieties to produce between

30-136 mL culture supernatant. These were used to

isolate EVs using the established differential

ultracentrifugation procedure. Protein concentrations

were measured and isolates were successfully

characterized for protein profiles. SDS-PAGE profiles of

EVs show complex protein patterns. Iodixanol gUC was

applied to separate the EVs into two visible bands within

the EV density range. Preliminary results show that cell

suspension culture is a promising source of plant EVs.

Plant 

part

Variety Total 

volume of 

suspension 

culture 

(mL)

Total 

quantity 

of protein 

(mg)

EV yield

µg/mL 

culture

Number 

of cells x 

106

EV 

yield 

(pg/cell)

leave M82 110 10.08 92 69 146

seed M82 86 2.75 32 29 94

root M82 82 4.803 59 47 102

leave Microtom 30 2.18 73 17 129

seed Microtom 132 5.4 41 42 130

root Microtom 136 9.51 70 41 233

Table. 1 Yield of EVs obtained in S. Lycopersicum L (M82 and Microtom) 

batch suspension cultures expressed in protein amounts (pg/cell)

Figure 1 Simplified workflow used in this work

A: M82 B: Microtom

Figure 2. Explants and callus from S. Licopersicum L A) M82 and B)

Microtom varites

A: M82

B: Microtom

Fig 3: Maintenance for cell suspension culture from S. Licopersicum L A) M82 
and B) Microtom varites.

Fig 4. Isolation of EVs by differential and density gradient 
ultracentrifugation
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Figure 5. SDS-PAGE protein profiles 

of EVs isolated by dUC from the 

suspension cultures of root, stem 

and leaves A) M82  and B) Microtom

varieties: 1 Root, 2 Stem and 3 Leaf.

Fig 6. Iodixanol gradient ultracentrifugation separates M82 stem suspension culture 
derived EVs into two visible bands A) Fraction 8 and Fraction 9 and B) The graph shows 
the density of the different fractions showed in A.


