@

ﬁ/ A renewable and scalable bioprocess:
Caerece swosnesa  @XEracellular vesicles from microalgae i

CellTech-Hub OYMP®SIUM
Angela Paternal?, Estella Rao'4, Samuele Raccostal?, Giorgia Adamo?'3, Sabrina Picciotto!3, Daniele P.

Romancinols, Antonella Cusimano!3, Rosina Notol2, Rita Carrottal4, Nicolas Touzet4, Mauro Mannol:2,
Antonella Bongiovannit:3

1 Cell-Tech HUB, National Research Council of Italy (CNR), Palermo 90146, Italy.
2 Institute of Biophysics, National Research Council of Italy (CNR), Palermo 90146, Italy.
3 Institute for Research and Biomedical Innovation, National Research Council of Italy (CNR), Palermo 90146, Italy.
4 Centre for Environmental Research Innovation and Sustainability, Institute of Technology Sligo, Sligo, Ireland.
email: angela.paterna@ibf.cnr.it

Iy (¥4
Outline Methods
99 . . . 2 . . .
Microalgal cultivation Vesicles isolation
-} Microalgae: EVs natural source A Tangential Flow Filtration
v Microalgae strain Tetraselmis chuii . chuii Schematic representation of multistep clarification by microfiltration

stock culture

v’ Cultivation in bioreactors, in steril
conditions and under continuous air flow
v' Vesicles isolation after 4 weeks

Nanoalgosomes: small EVs from T. chuii
e N

(0] Q O ete tate.
‘\ :(O (0] o o © :\:l

© 00 200000 > 650 nM  ww

2 weeks (inoculum)

650NM (66 o _© 60456 ©, 0
T. chuii
. . . stock culture T. chuii culture
EVs production and isolation from a fully renewable source e @i 4 L %fmeat&%%nm
. 5 ———— | —==m Feed
l ©0 © o0 o° ©° © Retentate:
TP : :(0 0% %0 000 o\:I Large Vesicles
. . . . . . < Weeks (inocuium ! 200nmM (55 6 .° 6 600 0 IEV
‘ :, Application in theranostics, cosmetics and nutraceutics ~ A i i )
stock culture T. chuii culture 14 weeks | Permeate: <200 nm
refr_eshed (dil 1:4) :
CUREZ) | [I:eed ©o © o 0 0 o© Retentate:
) ; | © % 2o, 2 o Small Vesicles
Tetraselmis chui : S00kDa FTeeoecs °L°|L/ SEVs
(Image from http://cfb.unh.edu) o Permeate: < 500 kDa
Large and small vesicles have been concentrated and diafiltrated through a
\, esio smaller 500 kDa membrane reaching enriched samples of EVs in PBS.
e o . .
Tangential Flow 0/. Optimization of TFF parameters EVs production is a Renewable Bioprocess
Filtration ®o : . : : :
e Different conditions have been investigated in order to
iIncrease the yield of isolation process. .
LLL % y ¥ 1. First step TFF

Feed Flow: 750 ml/min

O
S A Feed ¢ % %0° ©% %0 ° I Retentate 3. After 4 weeks

(membrane 650 nm)

A

e

Pl | =2 ] x: : > >,
8 > = - Y : . ()
=3t e — Discard © 60 00000 - >,
| N_ \* — 5o o - growing 5
é — \..J EVS | >650 nm | |Permeate Flow: 60 ml/min Microalgae culture
Tetraselmis chuii Permeate

WET. chuiicells ) EVs

production” ™2

Feed Flow: 450 ml/min
B Feed . % "o ° °® %6 %

Retentate m

© 0 o © 0000 /
Permeate Flow: 6 ml/min ‘\, ‘\ \
Z

3 Microalgae culture 7 Permeate

Microalgae culture
Four weeks Feed Flow: 450 ml/min renewed Microalgae culture
growing

© o O o o o0 ) concentrated
C Feed :(o 0o 6% 0 © Retentate + filter module wash

OOOOOOOOO

\% 0 © 5% 0 2945 0 950
| |Permeate Flow: 6 ml/min

2. Starting new

Permeate culture
(44
N 2 ‘6
®Newable bioP " Results |
99 i< 2 P b Conclusions
- ' enewable bj
: nization of TFF par, oduction Is a iopr 1
optimiZ P ametey EVS Pr Proces g
DLS analysis. Size distribution of the A) small vesicles and B) large DLS analysis. Size distribution of small vesicles isolated from T. i { Improvement of TFF isolation method
vesicles obtained from the three different TFF conditions (A, B and C). chuii cultures (culture, 1st, 2nd and 3" Recycle).
(A) (B) . - -
R ¥ { Higher yield and purity
0.6+ - A 0.6 - A | = 1% recycle
- B _ - B < 2" recycle
S - ¢ < —C = = 3 recycle Nanoalgosomes production is a
S S 5 scalable and renewable process
s 2 & Perspective
o —, S e o o o = — §4\W% FUNCTIONALISATION of EVs and cargo
0 100 200 300 Wst)ize?l;llﬂm 600 700 800 900 0 100 200 300 dﬁgiz é':;lrt:mﬁﬂﬂ 700 800 900 size/nm @%§ en rl Chm ent
Small vesicles (sEVs) Large vesicles (IEVS) Small vesicles (SEVS)
A B C A B C Culture  1strecycle 2"drecycle 3" recycle
z-average hydrodynamic diameter (nm) 85%5 855 85+5 | 120+15 360+ 15 | 34015 z-average hydrodynamic diameter (nm) 855 855 100+ 5 905
Rayleigh ratio (10° cm™) 605+5 1000+5 |1250+5| 790+5 320+5 | 300+5 Rayleigh ratio (10° cm-1) 7255+ 5 6010 £ 5 7645 £ 5 5085 + 5
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Small vesicles (SEVS) Small vesicles (SEVS)
A B C Culture 1strecycle 2"drecycle 3'9recycle Referen CES
Protein content o\ 0007 0.029+0.007 | 0.042 +0.004 Protein content .75, 6004 0383+0.006 0.425+0.007 0.435 + 0.004 29
(Hg/mg) (Hg/mg)
Partlc(lsls;nr;l;mber 3.2 x 108 7.63 x 108 8.11 x 108 Partlc(lrc)e/smrg;mber 5.15 x 10° 5.00 x 10° 5.4 x 10° 1.14 x 10% [1] Adamo, G., Fierli, D., Romancino, D. P., Picciotto, S., Barone, M. E., Aranyos,

A, .. & Bongiovanni, A., 2021. Nanoalgosomes: Introducing extracellular vesicles

produced by microalgae. Journal of extracellular vesicles, 10(6), e12081.

EVs characterization. Z-average hydrodynamic diameter and Rayleigh ratio have been determined by light scattering measurements. Protein content and  [2] Picciotto, S., Barone, M. E., Fierli, D., Aranyos, A., Adamo, G., Bozi¢, D., ... &

particle number have been determined by means of BCA assay and NTA; respectively. Results are expressed as the ratio between pg of protein or particles ~ Bongiovanni, A., 2021. Isolation of extracellular vesicles from microalgae: towards
. the production of sustainable and natural nanocarriers of bioactive compounds.

number and mg of dry biomass. Biomaterials science, 9(8), 2917-2930.

[3] Théry, C., Witwer, K. W., Aikawa, E., Alcaraz, M. J., Anderson, J. D.,

,""'_"'_'"_"'_'"_"'_'"_"'_'"_"'_'"_"'_"'_"'_"'_'"_"'_'"_"'_'"_"""'_"""'_"'_"i Andriantsitohaina, R., ... & Atkin-Smith, G. K., 2018. Minimal information for studies
/ - - Immunoblot analvsis . of extracellular vesicles 2018 (MISEV2018): a position statement of the
. Size Exclusion Chromatography y I International Society for Extracellular Vesicles and update of the MISEV2014
! TFF- Nanoalgosomes | guidelines. Journal of extracellular vesicles, 7(1), 1535750.
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