
The importance of considering sample specificities in 

optimization of centrifugation-based vesicle harvesting

OUTLINE
The isolation of cellular vesicles (CV) is generally

lacking knowledge about physico-chemical properties of

complex biological samples. With this example of

sedimentation of haemoglobin-filled erythrocyte- and

platelet-derived vesicles in buffer or plasma medium,

respectively, we try to demonstrate that monitoring of

processing is crucial in optimization of centrifugation-

based CV isolation protocols.

METHODS
4.5 mL of blood of an author volunteer was collected into

an evacuated tube with added trisodium citrate. After

centrifugation of blood at 300g, sedimented erythrocytes

and plasma with platelets were separated. Erythrocytes

were resuspended in citrate-phosphate buffer saline

(citrate-PBS). After a week of storage at 4°C, the samples

of platelets in plasma (S-Plt) and erythrocytes in buffer (S-

Erc), were subjected to sequential centrifugation in which

the supernatant of each step was subjected to the

following one. Pellets and supernatants were analysed by

flow cytometry (MacsQuant, Miltenyi, Germany) and

scanning electron microscopy (JSM-6500F, JEOL, Japan).
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CONCLUSIONSRESULTS
An echinocyte shedding haemoglobin filled CVs is shown in Fig 2A and vesicles emerging from the cell remnants can be seen

in Fig 2B)&2H). Increase of concentration of small CVs in the supernatants of the sample S-Erc in the steps 2-5 (detected by
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Ultracentrifugation is not prerequisite

to sediment small CVs. Isolation of

CVs by centrifugation requires

deeper knowledge on their sedimen-

tation behaviour in their current

environment of the surrounding

medium. The effectors include not

only the solutes in the medium, but

also larger and smaller species

around the particles in focus.

Concentration, size, den-sity and

shape of each species should be

considered along with its

sedimentation path in a specific

centrifugation container.

Centrifuagtion at 100.000 g was

found unnecessary and potentially

result in loss of CV integrity. We

suppose that disrupted membranes

of cells and CVs may form vesicles

that have similar topology and

certain portion of same molecules as

CVs that were present in the initial

sample. However, the post-

disruption-assembled vesicles most

probably differ from genuine CVs in

the amounts and ratios of compo-

nents. The identity of the material

which is being harvested in the

isolate can be controlled by

adjusting centrifugation parameters

according to the specificities of a

particular sample.
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Table 1: Steps of sequential centrifugation.

The volumes of samples were adjusted to the limits of

the employed centrifuges, rotors and available sample

containers. Both samples: S-Erc and S-Plt were

subjected to the following series of steps: (step 1:

vacutainer tubes, steps 2-4: culture tubes; steps 1-4:

large benchtop centrifuge Centric 400R, Domel, SLO ;

step 5: small benchtop centrifuge Centric 200R with

swinging rotor Lilliput, Domel, SLO (the supernatant from

step 4 was divided into corresponding number of

samples); steps 6-7: ultracentrifuge L8-70M, SW-50Ti,

Beckman, USA). The volume of samples after

supernatant transfer was adjusted with citrate-PBS.

Figure 1: Gating strategy in FCM

analysis. Events corresponding

to small vesicles (dark red),

platelets/platelet remnants and

large vesicles (grey) and

erythrocyte ghosts and cell

debris (black). Events

corresponding to erythrocytes

were out of range of the

presented scattering window.

Step Sample V (mL) Speed (g) Time(min)

1 5 (S-Erc)/ 4 (S-Plt) 300 10

2 4 1000 10

3 4 1000 10

4 4 4000 10

5 1.2 10000 20

6 5 50000 70

7 5 100000 70
Figure 3: Concentration of CVs in the supernatants after each step of sequential

centrifugation of S-Erc (A) and S-Plt (B) sample .

Figure 2: SEM imaging of pellets of S-Erc (A-F) and S-Plt (G-J) after

different steps of sequential centrifugation.

FCM Fig 3A) indicate their formation during the processing.

In case of S-Erc, majority of larger cell remnants was

removed in step 4, and vesicles of different shapes were

found in the pellets (round to progressively elongated CVs

Fig. 2B-D); while in case of S-Plt, vesicle shapes in pellets up

to the 6th step appeared similar under SEM and contained

both - CVs and large cell remnants (Fig. 2G-H). In the 7th

step, vesicles were hardly recognizable in pellets of both

samples- S-Erc and S-Plt. Samples that underwent centrifu-

gation pull 100.000g contained amorphous material (Fig.

2E,I); vesicles were hardly recognizable. Appearance of

soluble fraction (supernatant after 7th step) after SEM

preparation is presented in (Fig. 2F,J).


