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Abstract

Extracel |l lIEa&rs) vegieclpeasrti cl es that are natur e
prokaryotic cells. They transport a,spgdaitfican
packed andeidghboeri n @ Nowa djd s¢ aqvd| ccend | st andar d
of extracel bulrepresentleds by differenti al ul t
applied on an industrial scale due to iTthss pro
experi ment abnwohé& Ffdenosefication of aEVWbkcraolnabl |
di fferent sources by membrane microfiltration
Two EVs sources were investigated, namel y mi
source, and exhausted culture medium of Echin
For ®awrhc e, di fferent combinations of clari fi
the clarificationrsdtdespwcrcenitri fatggiaodon owemaedt es
step, several corpeesrssvcngf mbtdeatiodn and ul traf.i

concendndkdtaifa diFtorami 6 k. whey onl yToaéeessudeahybkas
to volume ratio and to compare the different |
modul ewns th pormn sorz&®MWED OfrldBdbwWc ekddbaby t he s ame
Medi ca SpA.

The pfodumctetach stage was subjected to qualit:
efficiency of impurities removalpawrd fitHPaICy iye IS
DLS, Zeta potentialTheBCa&fsatiii g Ndtnadhgaay sme mbr a
based epsr orceepsrsesent a highly performant and ver
they can be adapted to different feed solutio

For exhausted cul tur e rheodpituimmaolf pEcohtioncaocle aw apsu ri
t hat combined centrifugati on tahhdltodws af bbbkt it datei c
i mpurities with a 99.73% efficiency,pamhiicluel am:
tangenti al fl ow comrsetsauntt evdo It uumeb tedievaefrriglmenfadtle codn
i mpurwittihesa mi omfi mbBTvisel ossasme pr ot oc ol resul ted v
whey as statitomg &lleawuod tfywobrBeai®d I EVEa@atbvery
(100.%

|l nst ead, di al ysis was f ounwi ttho pbree Elnhetrsrsn heaufgfaet dt
concentrati on isntpaugrei,t ya rneamxeicnauw® 6 y d 6 ¥ a 8% e

found, respectively, UbhengeauDt §d5dmmonsehr HE e mi
effective ltnhamnail arlsy ving. t hi me ;b wbdagseeadl | porwecde stso
i solation of EVs from diffealkhe¢ sSouprcesi ddoah
hi gher degree of purity than what can be achi
of being i mmediately and easily scalable to a
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1 | ntroducti on
The I nternational Society for Extracellul ar
extracellular vesicles as foll ows:
Apar thiadluesal |y released from the cell that are
i.e. do not cont aiTrh ear yf W2nOclt8i)o n a l nuc
Theli scovEeEVY gy adsodack t,0 wh9%4n6 Char gaf f asdudle sbn
t hrombopl ast(iBazaznan pd. aftHenwe tv2€r2,1 )at t he ti me, t
to be cell debris. A further 25 years el apsed
were introduced by Aaronson et al .( Amalriolnes.oinn vl1ed:
Since their discovery, EVs haveéehaitrbcbegdniesc
and potenti al applications. This is evidence:
publications over ti me.
8000
7000
&
2 6000
7
Q
§ 5000 Bode described “Membranous
= Microparticles” in the plasma
g using flow cytometer.
§ o IsSaEr:pSl:‘a:odl!asrillzoar:,t?:o‘l)afnon Original paper
& and analysis of EVs. Review
o
- 3000
2 Chargaff (1946)
E published the first Introduction of
= study on EVs Fams Nanoparticle Tracking
= S ;rs(lv :::::F)\e Analysis.
1000 to releer losgv: First annual
‘ meeting of ISEV.
0 b ——— - - -
Time (yrs) 1940 1970 1980 | 1990 2000 2010 | 2012 2013 2014 bojs 2016 2017 2018 2019 2020 2021
Foundation of ISEV.

First use of EV term; Johr‘lstone (1987) define a ISEV minimal experimental ~ MISEV 2018 states that “EV”

EM evidence for different biogenesis for requirements for definition s the expert consensus for

EV biogenesis in a exosomes and of EVs. the general term.

flagellated alga. microvesicles using

ultracentrifugation and
cromatography.

Fi gaNember of publications per( Beaezzan ne PuibnMe d2 Of 2rlo)m 1 ¢
Extracellular vesicles (EVs) can be isolated -
breast milk, bile, and semen, i nl®&Ppaerrigedchwimber
van der .B¥bk pO0O4ag) a pivot al role in intracel/l
coagulation. The exceptional property of EVs
(proteins, nucleic acids, and | hpodsi)ngnadr dei :

alter the recipient ckRildwrse f2Znnicltli oatsr avi ¢ h tihes

The

cargepefndEVson theipreberoce, amBNApncasdwsl! |

compounds. Mxrmoes®ower metmbe ane contains surface
e n h aunpctea kfea cainldi tt et &@ct i on with other cell s.

dpd



cell surface
proteins

Fi g@Representative gPrecious dkuemo206mos

1. ElVs biogenesis and classification

Extracellular vesicles are produced by both e
based on two main criteria: size and route of
shedding microvesi (IFeEsguraend)apoptotic bodies

/—»““o‘“\\ {;;::n:) Integrins
Endoplasmic © .

budding
reticulum 3 ARF6 4

Fusion to
~ create late

cotoae (" <
TN,

Degradation

Fi g8BBieogenesis routes of A)HUuExloisn m&ddaoBi2 Gp 8P ¢ KOEABe i eEABO

Exosohmaevse t heir origin in the internal fol di
subsequently matur es (iMViBog Tthlee MWWBI tciawme sii d thlear b
the | ysosomes or merge with the cell 6s plasm

dcd



exosomes into the extracellular spaale20 Trhre. t
Mi crovaseceserated through the external cons:
a diameter rangi nrAg ofprtoom r5Q bteod ela, 60 Cthennmh.ar ge st
di mensions ranging from 500 to 2,000 nm. They
membr ane and cytoskeleton due to an increase
are r enltevastehde iextr acel | uTlasbrl es pla cseh obws d yhien gord «
di fferent cl asses.

TabllCd assi fication of extracellular vesicles (Sam
Vesicles t Origin Si gem)
Exosomes Endol ysosoma 40120

intral umi nal
mul ti vesi cul
fusi on of mu |

with cell n

Mi crovesicCel l sur face; 5061000
of cel l me |

Apoptotic tCell surface; 501020 0 0

of apoptotic

The | ack of a defined purification protocol a
mechani sms of which are not yet fully wunderst
"mi crovesicle"™ with thediseasme Assi gsntiatiecda nlcye ti me
for Extracel |l ulilmgs iViersiincd ean (ESEVY®, a particul é
extraordinarily difficult wunless, e.g. the EV

(TheryTROM&fHhoer ecur rent <challenge is to identi
di stingui sdi fofadyveaetn otfh eEVs .

1.2 EVs biological function

EVs facilitate intercellular communication by
capable of regulating numerous biological pr oc¢
Il n the context o f nor mo pphryosvieonteongty , a nEdV s a cf caecli €
devel opment al processes in i mmunology, vascu
contexpgatbbphysiology, EVs contribute t o C ¢

neurodegenerati ve sdiasnodr deearsd i oavnads ciund fae c tdiiosue a s
EVs and target cerldccenearadeadurbiwida nlgi,gamdesi o
the taf(fFegucel B3 .
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EV Uptake

‘?ﬁ"% Antigen presentation

& ’ Ligand-receptorinteraction

& ¥ 23 | Endocytosis

\\\\\\* Se. " Fusionwith plasma

membrane

Figduet ake of ext(BPakl bsl 2a019fsicles

Thus, originally, EVs were thought to be a me:
However, theirtoeoeampbrtammenioatebh, cell mai nt
adiomarkers is (éwgbevobl)i dsspunrce, exosomes h
stimulate i mmune resparesentbhyngawvtisng| as. ahni ¢
facilitate myelin formati on, neurite growt h,
repad rr agnef rfr aobxoe Ahladu t202@) | vy, EVs rel eased
been demonstrated to influence a range of <cel
cycl e, mi grati on, i nvasion and differentiatio

( Xinyi Zhang 2021)



Heparanase

miR-212-3p

[ ] TGFB
Fibroblast © miR-21
Denived

mlR‘ll'
Immune Suppression
and Promotion
@ /
(] Establishment of Pre-Metastatic Niche
Transformation
Migration
@ EMT
EVs
(2] hTERT mRNA
® \ TCLIA mRNA
miR-210
miR-142-3p

A miR-143

Angiogenesis

\ miR-105
miR-9

B

Endothelial Cell

Fi gbExtr acel |-md daira tveeds i tcrleensf er offJ asnpeesc iJfaibca | ceaer g200 1n80)| e c

The following steps are aimed at gaining insi
targets by EVs and at identifying specific as|
of newasteMd t her api es.

it



2Possi bl e sources of EVs

Previously, EVs have typically been isol ated
cells or stem cells. The sustainability of tF
hi gh cost, l'i mited avdilabilyi toyf, OIfaw ay iSe lad),c &4
202B9g address these issues, researchers are |
ani mal , pl ant, and bactoareinali ad o uroc eosb,t awhni clha rc
yi el ds.

21Pl ant derived EVs

I n the 19663 zemdawvemetciiec were discovered in p
in depth nor wused wunti |l -arnedc emitc rdoevceasd ecsl,e sw hweenr
di fferent ([Ell 2othos pedBideshias DdDE22) demonstrated |
producing EV$si Redvesgsbebeas. These ar-cercioMdkcEV
(PDEXY¥3hey are membranous vesicles with a |[|ipi
including |ipidsqgdipmptRNAs , amrsdnaddc mmrochary met al

Three distinct bi ogenes(iFsi gpuartBhVBa)y $exisactyésviee em g
(EXPO) and vacuoles. The MVB pathway i s analc

regarded as the predominant type. Il n contrast
me mb rbaonuen ded EXIP® welkt hj nwhi ch subsequently fu
releasing EVs into the extracellular space.
defence protei nbsy, fcuasni olme wr é@ lhe atsheed pl as ma mem
mechani sm against bi ol ogi cal i nfection when

pat hw@iyao Jiang 2023)

Fungal/oomycete pathogen

Appressorium Appressor/um
non-adapted adapted

EXPO@ Exosomes

HCR

Bacterial pathogen

pydAy [pz1y1102A

@DEXPO  /\ Defense proteins = Exo70E2  §§ MON1-CCZ1 ARA7/RHA1 < RAB7
@O Exosomes ~ARA6 =ESCRT /] TET8 QPEN‘I/SYP]N QVAMP721/2 0 SNAP33

Fi g6PEBEV bi ogenddsliiaanmat2lDvady) s

dm /4



As mamm&xltiramcel | ul ar vesicl es, PDEVs facilitat

However, they also play a pivotal role in pl
di fferentiation, respondi ng tnoal specinfdi cmoedn viyr
wa(Chun Yahg 2028ddy conducted by Zhao et al .,
from mature and i mmature coconut water are re€

sequehZhelgao ZRhaot ROML@Jr e, PDEVs play a cruci
including the sil e(Qi agg o anpda & thte§ ginni hci bg e n eosn
during amNiiemlvaesn oh017)

PDEVs can be derived from a variety of plant
we l | as seeds and dried plant materi al . Wi t h
i nformati o(nMe rse irtolv i @ielda i Lian 2022)

m Three groups of | i pids have been identifi
stability, upt ake, and ot her bi ol ogi cal
phosphatidyl ethanol amine, and phosphatidyl

m The most abundant proteins wiptaymaaemk rmrlotre
pl ant p.hyTsheoyl oftpagc iul pittaaktee o f ott drreermbR DaEn\es sat nadt

m The nucleic acids are subdivided into- mRNA
coding mi RNA can regul ate the |l evels of RN,
cel | mor phol ogyl nan dsoRiNénacstitigohnt serve a rol
communication within plant EVs, providing

m Theri ngepahdary metabolites are nitrogenou
nomi trogenous metabolites (phenolic acids
and terpenoi ds (pl ant vol ati | es, . c alrhdeisaec

met absuppest the plant 6i Iriesséd he nphbarmamac el
cosmetic fields.

It is evident that ani mal and plant EVs diffe
by the datBmbRreesented in

dm



Tab2Main di fferences bet(wWeuerheanniWaanlg 202 2pl ant EVs

Sourc Si ze Protei Lipids Nucl ei c
Target
protei
. Heat sf Chqleste| MR N A
Ani mal protei Sphi ngomy .
30 . mi RNASs
exoson Me mbr ar Gl ycosphin
. l nc RNA
transpc Cerami de
ALI X, TE¢
Cbh9, CC
Actin
ProteolDigal actosyl
enzyme (DGDG)
Pl ant d AqguaporPhosphatidy mR N A
50 ; . mi RNASs
EVs Reticul.i (PE) S RNA

chain Phosphatidy
Heat stk Phosphatidi

protei
The cargo of PDEVs is distinctive in that It
conferring the cargo with inherent natural t he

can regulate gene expretsbBeomrdgsbandongf utpbncan:i
messenger RNAs ( mRNAs) . PDEVs contain and del
capable of surviving in the digestive tract.
reach rceigstomarst, where they regul &aesaheAex.plr rah

2.2 Bovine milk derived EVs

Mil k is a complex matrix comprising a multitu
amino acids, vitamins, mi ner al 6§ Tab.menultBep ge¢ fofbeaid
these compounds on the bovine host can be be
regi(wana HabBgrf2Bbevmore, the composition of mi
|l actation, age, breed and health status of th

Tab3Gener al composi(tDeobna sohfr ebeo VR onye 2ndi 2 0k)

Properties Concentration (g
Total solids 11iB3. 0
Protein 3.1B. 9
Fat 3.1%. 4
Lactose 4 .i%b . 6
As h 0.i0. 8
Oligosaccharid 0. 0i®3 006

The pcompomemgttihteu t8f.s6t%h e wthatcahl i s t hen subdi vi
and whey prWwheynger 62 6d@ahs| ocyaetide b@@r oducti on of

dm



nutritional products for 4dtPPhlhdtacst b@@d & &tehped s c |
protein profile of milk whey

TabdPa ot ei n pr(oAnial eR.ofMawdhueryei ra 2007)

Protein Concentration |
biLactogl obul ir
aiLactal bumi n

Bovine Serum Al bu
| mmunogl obul i ns (

Lactoferrin

RrPococor r
NC R, NDd N W

Lactoperoxi das 3

Gl ycomacropet.
Il n addition to proteins, whey also comprises
Il n recent decades, EVs have been the subject
mi |l k but also in the context of diverse dairy
ani mal s. As previ oudsdryi veat E Miseadh,o0si kese vmisi k|
bi ol ogi cal and regulatory functions. When com
capabl e of delivering their i nternal car go.
consequent lcy,sddaeslrli gleaK|l.Bh e ani @de2rligvf e dni EKs 1 s
encompassing various cel/l types within the gl
i mmune <cell s, and mammary stem cell s. Despit
pivot al rmil @eat inoml olmenuween t he breastfeedi-ng mc
species communication due to milk consumpti on
Mi fdlkeri ved EVs can be obtained from both raw a
case, the cargo does not only depend on the s
affect the milk matrixouTlkes @mbhogr émentuiden eth sit
tempepastuteaand ahommgeni sati on, which have the

(Maria S. .Haresemi2a@2 p)al bcoovmpnoen smnidlrsky oBEY rtenepr e s
Tabb e

Tab3Cargo of -Wevwiinwve mikElglks i ne( Bl moshY0A7)Rei nhardt 2011

Sourc Si ze Protei Lipids Nucl ei c

BUterpPhosphatidyl

Bovine AGAE L RE Phosphatid MR NA
30 Lactadh . .
exoson Adi poph Phosphatld mi RNA
Peri-2i g Sphl mgemy
As previously stated, bovine milk represents
concentration of contaminant s, i ncluding prot

sour ce miowkedy .beFi rst-pyodwitey of schelege manufact

dm



it i's widely awvsaciallaeb | per ofdourc tii mmdhu sotfr idEMrsi. v eTdh eE V
typically invol ves t hree mai n steps: mi | k
precipitation, and EVs enr iicnhsmeematd. olff whhod es tra |
process is faster and more straightforward dt
removed during cheese producti on. Furthermore
potentials foar dEWd eltoson that can occur during
2.3 Biological properties and applicat:i
| twidgely rteltaotgnplzaendt f oods, suchnawmefows tbamaea/
human bysalpipieys senti ali ppudtrdiemsr ohydr at es, Vi
Theref artesumspmiogi ng that in recent decades, nu
use of PPE¥s e ichamo medi ci ne, nutraceutical s
expl oit t heir (iFnitgruirnesi7c) .capabilities
Plant-Derived Nano Vsicles (PDNVs)
¢ "'71;;»"
Nl P
o T2
QQQ 'J_'
Inflammation regulation i ps:frfd,); (;I ’zldogﬁlg;olan“
Fask > &)
9 Ve |
R ~
1&
S
Regenerative action ?:g!f::’zom‘:‘;;)
Health promotion
FiguBenefici al -deefrfievcetds EoOMfs pdl Mantu mah ohéal Llbgozzi 2022)
Foexamplger ape, grapefi vietd &£¥Vd giomgen bute to t

ti ssue homeost
201 %) tde sd B/\es
prol i f( &t atfiamn a

With regard
extend from

t o
t h

asis and repair mechatBSsemgwen &
hdeevieo ns anat edopl astic effects b
Rai mondo 2015)

-POEVSsed bBVS nel
enhancement

a mul tit
i ntesFigwwrle hea

o | kave

e of
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-Increasing the re-epithelialization «) () OO () PR etiicing Infammalonsresnonse
-Reducing melanogenesis O © (j O -Reducing oxidative stress
-Enhancing collagen production O
Hair ( Milk EVs Bones

-Improving bone mineral density

-Increasing the proliferation of _ 5 &
-Increasing osteoclast proliferation

hair dermal papillary cells

k Heart Cancer
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Improvmg cardiac function
-Enhancing angiogenesis
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2 miRNA Metabolltss ¢
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ammatory bowel disease (I BDs), including
which PDEVs have been studied as an al ter:i
arch into potentialt osulhset istiwgtna fti caatt mendtvs
rgic reactions, nausea, el evat ed [|diovseer t
ni stration of the current treat meeatisvedP
ceildlud arewikeisb iamma n écrayn caeerrd parmtpier t iees .alMi |
ated the potdemtivald &Vsudiomg tdhiengere-at men
i at(eMd ngameear 42mampar gl nGglea s ho@aadl 6 whi ch
strated nfol pomastecsy amnd pawmtpierti es, have I
ting on the inflamed intestinal mu.cosa b

O SO0 cCc

| ardegri ged pEVs havenbéammht okgdacoi antliy. I
stigation was conducted whereby a group o
contr ol group was faedtwiath tPBS.mi Tle i ni n die
bited protection against colitis induced
mprovement i n modeREWSEY arat eapabhdeed, tga

arrniderbea ng taken up by intestinal stem cel |l
el dnegwalder Kamel 2021)

As
tract, t hereby i mpt oeaian gu aittesd hehael tihn.t eWatnign a |

ncrease in celll
ME Vs .

P

revioustigrisvadedYs mail &t lte pltadrd £h od o maisti isd n ¢

viability when exposed to an
l ndeed, mil k EVs have been demonstratec

i ncilnugd superoxi de dismutase and glutathione p
(reactive oXiLdhattiang Maegi 292 0)

ME Vs
enterocolitis (NEC) and intestinal bowel di se:
tight junctions and tmrenctucoed bgydrs.etl mlth

may al so be employed in the treatment of
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de mo
mu c i

nstrated to be efficacious in the treat me
n production, which are res(pbunslibll e2d1b93) t

Anttiumawert i vi ti es

The
t umo
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my e |
i nhi
Ki et
de mo
ef fe
skin
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Neur
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t he
comb
obse

Furt
cel |l
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was
tran
i ndi
canc

Dr ug

imary field of research investigat-d ng t
area. A number of studies have been c
S, including those gdeerr.i vied dme ms wdh r sits
es derived from citrus | emon have been
d I eukaemi a. Il n both cases, PDEVs wer e
ti onwtof drmudno®iirafmali ay Rai mondo 2015)

exlpl ored the potential of PDEVs for the 1t
nstrated that EVs derived from Dendropan
ctive against breast cancewmer ewhmolset tehfod seec t
cancer. Notably, these EVs exhi bi(tkd dnisnel
2020)

oblastoma is the most prevalent tumour in
sk NBL. I n a study conducted by Fonseka el
capacity to reduceomnde ipmboéihariasedn Iof

i nation of bovine milk EVs with doxorubi
rved to significantl y( Raarhalnic eFdrmse kbkaee az h2 I)

her mbearei,vad |kKVs have been demonstrated to
s by promoting their apoptosis, either or
i ndicated a reductobncohoteaetplriaadybt eaas
accompanied by an accelerati onomede meehyamnsal
sition (EMT) in tumour <cell s. The resect
catiunsge tonfatMBVWse f or tumour treatment coul
er who have already undergone(Quagedyahgr:

delivery system

An emerging research field is focused on the

i nor
| ow
t o t
char
neur

Addi
i nfl
and

ganic particl-ceriuved i E\ésd exh iDIDISt, Ipd w nitmmur
toxicity, and robugt moartg o opradtl eec taitd m.i bHid
ravetebsremitnhebabrircecedd@imBBB) r a€Caid t hat EVs ext
anti @ararses dbrlecei il abcad ri er (BBB), thereby re
ol ogi cal deficits in rats (sHebngecCaed 2t0a2 2ni

tionally, grapefruit EVs are capabl-e of
ammat ory drug, and chemotherapeutic drug
preventing the in@dNadeonKamekyt®20®%X) c re

Anotnhoetrewort hy attribute of PDEVs is their ine

to t

he BBB. This phenomenon was elucidated in

dvm e



de ved EVs were administered to pregnant mi
( Q ong Wang 2015)

Mi ddleri ved EVs are capable of resisting and c¢
tract, rendering them suitable for oral admir
cargo, specifically RNAesrt E¥sugancoubmecémpgaoget:
the human body to del(iMaesra htalram Stonai\ysgae MUGTLIED0 2 ZA)

3. Soeahe art on EVs purification
The separation and puriffatrcd®t ipamdstcep ons od EN
bi ol ogi cal samples often contain cellular del
protein complekRamianealw® Qtt & gtahtee sbi ophysical si
contaminants and EVs, an inefficienmi ssakani b
the | atter during common characterisation ana
of size, origin and composition, there is a p
its own ynelhed, cofwriticheey most suitable neacfestshée a
proscanmobsh serthe i nt eanpdpeld cfaitn ol EVs. |l ndeed, t h
met hod wi | | inevitably have an | mpact on t he
t ecghureis are classified into distinct categori e
Figure 9
Buoyant density, Size-selection,
size-selection affinity interaction
J i
/ uc ! I/ Ug%ﬂa} Gx;icroﬂujdics
[ DG N ] N

e

p ) Vs
EVs amount EVs RNA EVs proteins

as drugs or

Diagnostics Diagnostics | Diagnostics || drug delivery system |

Y I X‘thodms Heparm\
- PEG Annexin

\ lectm
Protamme PEG + DEX PROSP Il Tim4 /
— \\N aAc/ / wt shock protelns
Precipitation or Affinity
phase separation interaction

Fi g9Fflke principles used for EVs isolation, meNMaroidas Yu . iKsoon ocastl
2018)

dm 9



The gold standard protocol for the isolation
series of centrifugation and wultracentrifugat
devised to overcome thetibomet axicbmsi ofSEXht oa
abovdaualtlher more, there has been-basreidsd eicrhnti lye
fiibtasred techniques,attwdhetcihonhatveonga2®d@®t4 onwar
techni qufelsow-btiftibevlad r a c teixarhatnigeen ,anidorel ectrophor
2086 reported in Figure 10.

80
70
60
w
g 50
§
340
=
a
s 30
@
a
E 20
3
2
) j h ﬂ FIJ
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020*
Publication year
o Flow field-flow fractionation-based techniques  m lon-exchange techniques
® Electrophoresis and dielectrophoresis m Affinity-based techniques
m Filtration-based techniques m Size-exclusion chromatography
FigadModern EV isolation, separation, and fractionatza®notechr

Septembémha@aPprn Liangsupree 2021)

Receoathgrnernative techni guebhnbastbeayyeenmaghend
microfluidic devices and pH)etdweauvearesen meebbd

unable to exclusively isolate exosomes, resul
of the extracellular space. This is due to thi
being isol ated, the sigohdmicaalt @aweér bapchamitd
exosomes and diféeneinderEavtsl, e amat etrhoegenei ty a
Therefore, the challenge remains to develop i
types of EVs in the extracellular matrixadahg

friendly manner.

3.1 Techniques based on size and buoyan
3.1.1 Differential Ultracentrifugation (UC

The gold standard for extracel lul ar vesicle
ultracentrifugation (UC), which relies on the
severalt ocols are available, the gener al proce

dm



| osvpeed centrifugation is performed to el imir
foll owed byaihleglheamingat gerr vesicles and addlori s
i's emplseyeinétaAcn examploe ocfol (Bi qvr é ol11)ws

Centrifuggatiom BhAt Bi0Wemese cell s
Centrifugatifor dlt2a0h®@®mese dead cell s
Centrifugagi 6 rmit Wltte De@mmove | arge cell deb
Ultracentri f uwgadbiron Matoe $0e0 100 EVs
ResuspehsiEadMsl repeti tAitomm rod mosviee pcodnt ami nat |
proteins

44334343

) Apoptotic
B Cells | . |Celldebrisf*, * podies [ *
be o Vo 5 o
:.'0’ " 3 o 2 || ————P Rough exosomes
*i8] 300g, |72 20009, |.%:2| 10,000g, |.& | 100,000g, (including protein
,.- 10min J+*+«] 10min *s,+1 10min . 90min seeso] 200regates,viruses,
-y = o) - s & g‘t‘,&iJ‘ microvesicles)

FigafSe hemati c representationbasedi ekesé@mMbpingboihlatya@aged@ORD)

Foll owing each centrifugation, the supernatan
pel | ediss caarred e d . During the iud tmakwsnrbd i ifsigeheart
ret awmigeldee supernatant i s discharged. Two addi
microfiltration, using filters with pbnesdmam

cases, they are necessarTyhedsddi ff iuoinnde resadsasyst shter
but cause a | oss of(idrattharmal Mphdtdpnebht el ddke

with a | arge volume of PBS during washing and
this approach is Il engthy (tasteagit®)ambonxd nrae seu
in a relatively | ow recovery of EVs. The afor
specifically to isolate miciRr®dy &Di0Oc lge si,s asnudf fa
pur pose. I n contrarsat,orf osrp eagpdo pafotd ,cO bl dg eiss rae
When weighing up the advantages and di sadv a
ultracentri f-ogasuminng sanck hlsank@urpr oces s, requ.l
samplLeoOos aonfd maki ng it challenging to process
However, It does not necessitate advanced te
financi al i nvest ment , as only-temea. wlisithreacemitm

di sadvantage i si dihendyo WwS5r%QE\Wwmnedr 5t felkefbewc pu EIL t
2015)

I n oredhéhrantcoe the recovery efficiency, four pri
with the specific fluid in qufeasdti om) dfhetstkee i m
of rotor, the visco(sMitkyhaialn dA .t, hleiawps ie te-sedDinig gt i

dvm @



20L8Maria Yu. Ko.n oTgthee eiiksor &2 0l83gl e of the ti me
sedi ment through dtepaestoycntelder maagd imum angul ar
mi ni mum and maxi muTnh efaddcituws ocfant hbee reartpdro.yed t o
time (in hours) for the sedimentation of EVs

o — (3.1)

where s is the sédiemsntr adi oTmh eSoerecttboerc igsintth t he
f acitesohre most eifdp eriaatnalsi g$hi s@peeble dinme mtaat i on pe
Twoy pds rOFiogwsare 12 mipd olyleyitchisewanmngi ng buthket (
fixed angle (FA):

axis of rotation

Swinging-bucket :
At rest Spinning g
g

FigaBSevi nhuoget -amdl ¢éi xetdor types

The swhuwgketg apparatus exhibits a change i n po
resulting in a | onger sedi me-anhgteonopath 1Wwkhg
constant angl e througheocut tthhee apprporcoepsrsi.atlen roortd
ascertain the sedi mentation coefficient in ad
exhibit comparable sedi mentation coefficients
i s trheet case. Another parameter that can be ad]j
i's viscosity. Bi ofluids with a higher Vi SCOS
efficiency. Consequent!l y,t d heeeret rfil fuu gdast ischro.u | Hi
yield can be increased by wutilising a | onger
to prevent mechanical damage to EVs.

3.1.2 Density Gradient Ultracentrifugation
It i S possi blper etchapti tBAMse mvay hcgpr ot ein aggr egart
fragments during the course of UC. To address
gradient wul t(Fagemntewhlif3gly aemadml es t he separatio
Two met hods may be employed to create the gr ac

dH M



either during centrifugation or idrenasdwande;cra
di screte increments.
Density Gradient
Discontinuous  Continuous
(sucrose) (iodixanol)
S
N A
'-'
Figad®ensity gradient wultracentrifugation
A typical prot ¢Eoburse tHe:foll owing
mLayers of biocompatible medium with varyin
densities in the sample) is placedfnome a
bott om)
m The sample is added on top of the medium
m Extended centrifugatiom ffor @rolhgnged peri
m Coll ectLoih gfadi ensnt fractiong &by a@altracen
m Resuspension of pellet in PBS
m EVs fractions are col,| etchtaetd rhbaansgéets. Dok tgwheeeinr
Once the process is complete, each extracell
position) in a |l ayer of the same density. Prot
exosomes remain in the IdayernQ9ofg/ m&di um bet wee

qH M



Prepare 5-40% OptiPrepTM gradient and layer fluid on top
Ultracentrifugation
l 100,000g 16h 4°C
Collection 1 mL gradient fractions
Ultracentrifugation
100,000g 1h 4°C
Discard supernatant and resuspend pellet in 50-200 pl PBS

[ |
-’ °

' ' =)Fractiond

B —

Ultracentrifugation
100,000g 16h 4°C 9 = Fraction?

=) Fractionl

Density gradient centrifugation

Figadener al scheme of den(sRietsyh npar aBdaineon t2 0c2elnt r i f ugat

The two nperdémpil payled in this type of puri ficat
(Opt EPrephe EGspotliuPtrieopn, comprising 60% (wt/vol

J

of 1.32 g/ mL, i siSmaredfda tUKr)e ca ntdy i/sx iesmpl oyed f
HI'V viKabeena AddaPuKbhadmoRB®816)n contrast to
formogdgmmwtic solutions at all/l densities, there
within the gradient

Despite the ability of DG UC to separate EVs
di scriminate between extracellular vesicles \
exosomes. To address t hgias iloinmi(tad tsioozkgmaogwald @) sz o

be employed as a cbombededepiazéfrFagareééedsdini gue

A B
Rough L Exosomes
5% Al exosomes 10% "-"‘5"'& MV
21% <xiv Exosomes
Exosomes B
0,

o 100000, By 7000000, | +*= | Microvesicies

45% 10min 10min v ) )
® ¢ | Microvesicles

Protein 90%
90% aggregates ' '

Fi gadge\) | sopygmaci eletnsulttyr acent r i-zfoungea tgroand iaenndt (uB )t rrtgaicéemnt of @i inf gu
2020)

I n general, the UG UC allows for the product:i

t han that achievable through simple UC. How

equi pment but also highly tbha@inineus ceammBd mcin@e s

dH ¥



3. 1. 3iexiczleusi on Chromatography (SEC)

The wor king pexanlcidilen odhrsoincaet ogr aphy (al so

separation of particles based on their hydrod)
a column filled with thesuwdhtasnpoabyapdeas ¢ Wp @
without coupling to a pump for elution As th
are able to penetrate the pores of the statio
this rmanrme | atter substances, such as EVs, el
column, whereas the former substance@GFiegutela)

1.5 mL biofluids

O - Sepharose CL-2Bgel metrix
® . Large particles such as Extracellular vesicles(EVs)

..
))
O

l'\;
.;‘,a
1

S=Z3
v N
£
A9
@

0
.
Ul
S

® -Small particles i.e., proteins/ HDL

0.5ml Fraction  fraction 9-20 Vs Fraction 20-21 protein/HDL
Polymer gel bead

FigaBdlustrative descr{ ResbmaoBasepanfnai)on in SE

The resins typically employéddntked talgarpusri fbiea
commercially availabl e u2BeandB)ELamdneSedBBgpchray
Each of tbésemnshreefl exiblapadmdhecarai me de & $iel

them isizea e¢del usion | i mit4B whbetht ars f4d®r nare pfa
proteins such as al bB2uBmi nFu ratnhde r7nbo rnem ftohre tsheel eC
type is of @maceamdwmt tihmportcovery of EVs, rath
al so permit the separation of EV subpopul atio
The SEC method is regarded as being more adv
straightforward and faster, particularly when
bi ol ogi cal activity and heimajadr-dtbwanadfankiegmdnp
al bumin and relatively small proteins, and 1is
gel chromatography represent s-f mme emdt lto e n tw,
reproduci behabyjnghehmeby sol ati on of EVs. Fur
scal abl e An increase in the Il ength of col umn
sizes, while an increase in the cmdaminr ati eadned e
with a | arger vol ume. This Iis due to the fact
square root of the column | engdadhaki Agnonwhitdhl d:
the reliabilitymotedhsesametbkodpl ume (which sho
column volume), which affects the separation
the dilution of the final exoscmwdlaEfVmanatoido ro,t h
| i poproteins (such as chyl omicrons, VLDL, VLD

AH ¢4



Il n multiple studies SEC is combined with ot he
overcome stoheatcon of EVs and | ipoproteins SEC(
chromat (oA+sYahpipgn Van Deur o2t rate the final
ultrafiltration and to i hdCeas@KPrBridamnynamn2 b2

3. 1Melmb r-laansperdo c e s S

Filtration represents a further type of sepa
concentration. The process is based on the ut
cuatff (MWLOti cles exceeding the MWCO are retai
through the filter pores (filtrate). The diff
(UF) i s dependent on the sipopeesef wihé e mmeaere
0.28 anl Om, whereas UFi6empkopns ah&WROmMbFfaneé
composed of cellul ose, polyethersul fone, or h
centrifugation, pressure, or vacuum. A typica

mLarger particldB membrameved with

m Particles s meallli ewitntaditastd fEIVISt earr ewi t h n@r. el di @
mmor MWCB0 ®fkDa, 500 kDa and 100 kDa

m Concentration of EVs fraction

Both microfiltratciomdamtdiadedegapbidét rahi om aahe r
i s memblroagngeungng the filtration process, part
por es, resulting in a reduction in permeate f

contaminant( Eogeea@ati1@a})i on

b

~ @ o, )
L ﬂktf layer (1 1] ...: ::0:..... : :.::..............0 (1l
000600 000000800000 00000000 000000

Membrane A ‘ co

Permeate/Filtrate

Dead-end operation

Figameadnd filtration
Al t hough this issue can be partially mitigat e
subsequently transii¢tamninmntg d®o el itshmiad d treed D re,,
to utilise a differehlt ow@amfgidgldoivatifi (ofnt, g antaeroedl 8y)
tangenti al flow filtration ( TFFo ,meneb e¢saurafmgpd e
Mol ecul es smaller therfft {aMWE®DI) e caulearp eweanighte d
membr ane and are discarded, while molecul es |

are retwaimed,)] ated and concentrated.
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Tangenti al flow filtration can be ,dbyplioteddue
a fresh buffer to the feed tank naetmbtrhaewdsialme tr
retentate is recircufl@aecndst &mti svonled meo.d Tmae ng rac

a number of diafiltration volumes (DV), which
equali biototldueme of the solution to be treated.
Feed " o .'. Retentate
— e 0 0 g % 0 eeea- -

000 g 000000000000000000000000
N\

N P

|

Permeate/Filtrate

Cross-flow operation

Figa8eg oss flow filtration

TFF af dao vas g hiem oo ep ar(Ufaorna Bu saatdt ¢ h20 X8 )n all EV
|l ess diluted compamedht(REtame Pon évcdldtnmariradeid Qtlrtd)
aconsiderably faster, s i mphldebre,s annodt Ireesqsui Ir @b oc
equi pmdotwtelveerre ar e st i,l li nmdmuyiInidrait thaetmigpdonmt sem t a e
of particles (due to high shear force),andont &
restricted options due to predefined membrane

Anot her dmesmkedampeocess is dialysis. Unl i ke di a
the difference in concentration between the s
a purely diffusivettrs apsoptveoti @deiat @irse scsfu rteh ed i U tf
two side ofashéehmemiwoahd, result in the transfg
natur e

3.2 Techniques based on solubility

The original application of PEG precipitation
a wedtltabli shed isolation techweixguaeadiog pPpWY$s y me
pol yethylene glycol (PEGHht woft hi1@nkRaertaget me |l

increase in the quantity of hydrophobic inter
pell etising of EVs following incubat i-omee(dat
centrifugati BNsSI1®@Pp iB@a lclayn be obtained. A numl
available, including the Tot al EEx®yssotmem |Biod sad ii
mi RCURRY ( QI AGEN), Exoprep (HansaBioMed), and
Fisher Scientific). Additionally, commercial |

with other met hodpsi,n s(uUxEL Lasg uUSEHG, NnCcEEXG yst ems) .

Precipitation techniques afrrei ernedlayt,i vaendy craanp i [d
physiological pH range wi t h varying startin
Notwithstanding the aforement igense do fa dtvhaing angeets!
precipitation anfdi b6 eWidt®h) ame qmarntd ono t he f orm

dH ™



the solubility of EEY, mhtuterababes O0sudhféaserpnot
materials, other (RBRsiM| edanoVa Wi peopred alicdtetse)r ,
guite problematic to separate PEG from the p

affelciend ne SCoanse2h) |l ys essenti al to i mple
pretreatment, such as filtration and/or ultra
the contamination of the final exosomal prep
condeir able di sagreement among researchers. 1In
result i n higher purity, but -prhescsiepiftiantdiionng spr
separat & Martk dyA. Ri darhr e220 1 6l)i sti nct met hodol
(ultracentrifugation, ExtraPEG, and-pcemmeid¢iad
was identified as the most effective techni gl

co-ef fveecnte s s .

Cell culture > ke .v,rWrapped i
Supernatant .~ (% Add PEQ EYs
/ ¥ & .Q}). 4 4.
A p — . "‘Y‘-.‘- !
L AR Eree
" EV,
d v, '

PEG polymeric network

Fi ga®PEG prec(idpheamg idmao 2021)

3.3 Techniques based on charge

Puri ficati oex cbhaasnegde otne cihonni que s, exploits the
surface to bind the particles to a positivel.
introducing a high salt cioonnciecntsrtartei nognt,h tohfe rtehb

evidenced by the zeta potential,, EVs -1x-Bbi t
mV. A compa(rMitk kvie Hdatdiyn201t @)Y ed the potenti al
employed with a monolithic column (resin <con

i solation of EVs. The AIEC mebabhbdevesfhbsghert
TFF. This technique can be employed independer
or i n conjunction with other i sol ation metho
However, its huyset he icroanbsitiriatiynetdo treat bi ol ogi
di sparate charges.
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4 Materials and met hods

The objective of the experimental study was t
commonly wused differentrieadovuelptyr aadredctart ii foung aotfi
vesifcrloens di fferd@dht sourccat aspect ibsastelde putoicle
whi ch i sefbfoitdhi eéntmeand readily scalable i n c¢om

The procedures under examination can be broad

p Clarifi awstuiaddy a et rrigm,gat eath mabhhthevs t he

contaminants bhat heasalmpl ol |l owed by a mic
p Purificati oni,afpielotfdoaadmeodni slyd dr e mov al of con
proskin

p Concenwhatihoms performed in concentration
used for the tphuwurti failclaotwisomb oscteenp, Tt amsenda lhes
sampl e

The results obtained in terms of I mpurity re

compar edef owo different sour cewi tof tEWe , r g@d wln
ultracentrifugation procedure.

The following sections describe the princiopal

a particular focus on the hollow fibre modul e

empl oyed for size exclusiadnytéelomadmdateadima mhuye sar

assay, the RNA assay and the Dy®Gamng tLogwar d
I

foll owing nomencl ature wil be used:

p C=centrifuge

p ME=microfiltration in concentration mode
p DF=constant volume diafiltration

p

D=di al ysi s

4.1 Material s

4. EVE sour ces

The plant culture brothlhpl&MtEobronacewapuppoved
Bi otech, a biotechnol ogy cdinpealnyhé alsieadt e mh Cfaar

t he mot her plant from which the culture is dei
and subsaquemtuliy one. Ultimately, the process
cells are obtained by filtering the exhausted
phssees are conducted in accordance with the CI
protocol. The exhausted broth is processed fo
or, alternativel y4A@.l i quoted and frozen at

The defatted and unpasteurised dairy whey, d e
Reggi ano cheese, provided by Casear iaani dni¥l Sant
source. Foll owing the productwhery ofs RBabipiegit a
continuous centrifugations in order to remove
at 22,000 g (55AC) with an average flowrate o
downo 6AC in order to halt the fermentation pr

dH



stamsl processed during the same d4AC, ofomal t e
EVS source.

4 . 2Mat ef ppaulr i f i cat i oaan @lrytciecsasle st eamldni ques
Materials for diafiltration

p 0. 1PiMosphate Saline Buffer (PBS) with,0.2%
filteredmwiftin teer0. 45

p Demineralized watmar ffiteered with a 0.45

p 0. 5NaVvOH sol ution in deminermal ifzdd ewater , fi

p Et hanol solution at 20% in demfnktati zed w

Demineralized water comes from the | aboratory
PBS is used to perform continuous tangenti al
three solutions are used during the cleaning

Materials for dialysis

p Demineralized watmnf i ftkerered with a 0.45
p 0. 5NaVOH sol ution in deminerml ifzdd ewater , fi
p Et hanol solution at 20% in demfnketafltized w

Materi al-BPUH®rarm&ICy si s

p HPLC Pl us water

p 001 PMosphate Saline Buffer (PBS) , pH 6. 7,
filteredmwpapen DL Rter

p XBridge Premier Prfotein Column by Waters

Mat erials for BCA assay

p PieEB@A Protein Assay Kit by Thermo Fisher
Mat er iRRNAs afsosray

P QUIEIRNA Hi gh Sensitibvwi tTyh e(rthg) FAissshaeyr K3cti e n't

4. 1.3 Hollow fiber modules for tangenti al
Tangenti al wlagwr f of medt iuse mmaoyd uh celsl opw ofvii bdeerd by
(Medol | a, I taly). Sopoercei fhiczdwbsl yonn Indonddd lee s | wirt hwe

cuotf f7500f kDa wer e wuse(dTabnl et h7e) .experi ments



TabSpeci fication of MedicaE hollow fiber mod

Hollow fiber material Versatile-PES®
Membrane area 0.01 nt
Fiber internal diameter 300 &m
Fiber external diameter 470 em
Fiber wall thickness 85 &m
Internal fiber volume 1.2mL
Fiber length 60 mm
Cartridge housing material Polycarbonate
Unit length 90 mm
Filter housing internal diameter 11 mm
These units are wusually employed for dialysi s
| umen side and two partbdemswell 3l se) whabwdt op &
concenmodda. olnn the | atter caasmdhteh e efremeedaties exn

shel | side.

4 Met hods

4. 2.1 Centrifuge
The matimegtrment exyped iimnegadh proced00086 rpmafoe
minutes @Bhi ¢$A&i Mher mo Scientific4680 36R5cewtr
bucwassed @Hi.gur e

Fig@fenher mo Scientific SI0018B5&6e rstwr inf

A centridlugatpemfor med before -ARBCysingthahe c:
iangle rotoe200 s3as®)d anfdX t h@O0dped Df mcatut eas 42

do M



4.2.2 Microfiltration apparatus

|l n oradveai dd ot he occurrence of c¢clogging of the
tangenti al flow microfiltratiomebhtamebtentepnd
fibre module employed for this puwrdpacsae elsag hatr
vesicles are capable of traversing the membr e
focus of interest.

The scheme of the microfiltrTahe ofne e ptaarak uiss i

peristaltic pump, provided by VELP Scientific
the holl ow fibre modulteadeTldh ed apnekd mewvat iel el st hde r
recirculated back to the feed tank, thus enab

L
Ll

L
-

(N
u Hollow

Fiber
Peristaltic module
pump Permeate
valve
y
Feed Tank Fenmeale
Tank
FigadSeheme of microfiltration apparatus

4 . 3onstanti avfoil latprpaatdiaotnu s

Foodonstant volexmpedi meunti drnmaataendonl i qui d @EAKITAmMat o
pur t1f0ilerFPLC System, manuMattbuonpwadthbdsg@Eedeabt h
and cohbéhealeldow f iswirteh madmol e coflfarofwe7 5gthtk rau.t
puriifnicedtuhdmesecro mponent s:

p P900 pumping system, composed of twomamegh
pump A andhaumpaB,reach a maxi;mum f |l owr at e

p Monit@®@rO0YV a hi g-hi peteafdotsorone acmur i ng UV absor

wavelengths from 190 to 700 nm;

p Moni tHOrC9@W 05 i me cwebefoordrpH and conducti vit
The whole system "Vsofrtumarbdeye VPNIr@QORN of t his
conductivity detector were disconnected and
representation of the dFagurld rzaz2.i on apparatus
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|
(O—®
/
N
» Hollow
\/ Pump A2 Fc:bgr\‘ Permeate
module Valve
Pump B1
Yy v
Buffe _ Permeate
Tank. Feed Tank Tank
Figa&Be heme of constant volume diafiltration p
As previously outlined in the process scheme,
(PBS) to the feed tank, where the solution t
respongielktli @ dfindbeaé d ngthiroonugh t hmeo dméemeblr@anehe per
collected in. alwdnetdhcatenhnnank extracellul ar

me mb rMWMEO aeeta(ianlewdays at the same conddearmrt 1l atsis
caused by cake f ovhinarep wrpietoimessa hd hfedhmmmaheav oi d
probl ems caused bwapkatedgi nWpmen freeadliamk a VI

diafiltration phase is complete, and Whehptohb
exception of the pump B1l, which is no |l onger
concentration stage, the 1 nitial vol ume i s gl

factsakdn)o Vof 5 i s reached.

4 4D al ysi s apparatus

Figur3dl | ustrates the configurampgtloy odnrreet idniga
purifier systemotdol ebeabot epwr federn the prev

Pump B1

——( () o —)
Hollow

Fiber
module

Pump A2

Dialyzer
Feed Tank Tank

Figasmseheme of dialysis process
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The process i s -comrpauroippe é 2 i ntchoeb ashoelewrt i on fr om |
t hmembr ane mo d wimes n,d e whihlee rpeuaripr cBid iaa leff ztéhtee r e d
demi ner al,i sfeedonwattheer tiamkt he .sheltimodgudeé par amodt

mai ntain the concentration of impurities in t
equilibrium is reached, the diffusive process
Similarly, a concentration procedure is condu
with diafiltration.

A43Experi ment al procedur es
The following paragraphs eeaptal memrat adletpri deed
( Fi g4.r eTh2e two principal parameters utilized f

factor (VDF) and the volume concentration fac
bet ween the total vol ume od d fredldetbiTdink ek atut e 1
rati o betweedamnmfet hal | nolhh @& mtesadds ol ut i on

Al samples collected during the course-of t
HPLC, BCA and RNApatsesmtyi alDLS and Z

EVs
sources

Clarification Purification Concentration

Centrifugation (C)
and Microfiltration
(MF)

Echinacea Purpurea . ) .
Milk Whey — Microfiltration (MF)

Diafiltration (DF)

Yvyy

> Concentration

> Dialysis (D) '7

Centrifugation (C)

Il

Fi g@Se hematic experi ment al procedures

43. 1chEi naceaC PturNRir+ aDF
100 mL of pl ant culture broth have been cent
supernatant has been col | mactheod | @wd fmiberr o fmoldtud

do H



The per meat-ter ecaft meme Whmraes been subjected to ¢
diafiltration and concenMWGODTi old5&s kidgp ar thed | io
25.

The Ukisomdrtrware has been used to carry out the
50 mL/ min, whsladtbeumPSBsiofigd hkee d&@PLtChe vol um
tank constant.

A sample, of both permeate and retentate, of
diafiltration and concentration. Before perfo
the recirculation rate wuatsed ,nctrce acsleadart ot B fmLt
avoid clogging. Il n case of retentate the inst
one.

————» EVs

PBS
——» Permeate

Y

5 stages concentration

750 kDa
5000 rpm, 40 min

Plant
culture broth Ly

v
Pellet

————> Permeate

A 4

Microfiliration 5 stages DF
0.45 micron 750 kDa

FigesPa ocess fl pwotlbagta@ eof MF + DF

43. 2c hEi nac e aMRP u# pluRF e a

100 mL of pl aavkeeceunli tpureeat bdopbr hor mi ng ammmi cr o
holl ow fiber modul e.

The permeate has beenifsluobw editafdi Ittor atthieo ns aamed c
i hhe previ ouFs g@a.rea @2r aph
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———» EVs

FBS
> —————» Permeate
5 stages concentration
750 kDa
Plant y - Permeate
—_—> P
culture broth
Microfiltration 5 stages DF
0.45 micron 750 kDa

FigaePega ocess fl pwotdbopagltaMFof DF

43. 3chEi naceaC PwurlpRur e a

100 mL of pl ant culture broth hmveuthbesnatcesA
supernatant had BbBeean dowl tdet eddafiltration and
was carried Tohuet pirno ctersispIfilcoamt ed.i agram o#f the pr

— % FEVs

PBS
» ————% Parmeate
5 stages concentration
5000 rpm, 40 min 750 kDa
Plant v
—_—> > ——— Far
culture broth f E ermeate
5 stages DF
750 kDa

\4
Pellet

FiganPe ocess fl pwotdbopagfta@ ef DF

434Mi | Kk Whey C + DF
100 mL of whey have been centrifugated at 500

The supernatant has been coll ected and subjec
and concentration uwWCIOg 7050 h(bidgBw. & ider with a

do ™



The Ukisomdrtrware has been used to carry out the
50 mL/min, while thdhRB®uwgps Batdod ekde ey FuPdeiCnvgo |
feed tank constant.

A sample, of both permeate and retentate, of
diafiltration apdped@redowertey pteirdror ming t he samp
cl osed and the recirculation rate was increas
modul e and avoid clogging. I n case of meataet a
the average one.

—  »FVs

PBES
» ———» Permeate
5 stages concentration
5000 rpm, 40 min 750 kDa
Whey ————» i E A 4 » 3 Permeate
5 stages DF
750 kDa

 J
Pellet

Fi gagPa ocess fl pwotlobagta@ of DF

43. Whegy + D
100 mL of whey have been centrifugated at 500

The supernatant has been collected and subjec
modwl ¢ MW@ f 75&s kiDaport2ed in Figure

The Ugkisodrtrware has been used to carry out the
mL/ min, while the dialyzer flowrate (pump B)
of the feed flowrate (pump A).

A sampl ed,i adaynztieot @t ent at e, oefv elr.y5 hnoLu rwafso rc od |teo
(fi ve).Tshteageed was kept in continuously agitat

To perform the coonpehttsabeen smbdpfiedeasdt spe
one to carry out the diafiés$trat é5d0nbnalcykimitnh.e Ar e

of both permeate and retentate, of 1.5 mL was
the sampling, the permeate valve was cl osed a
for 2 minutes,oft ot hcel emaond utl hee afnidb earvsoi d cl oggi n
oneeswcollected, while for the permeate the av

do



—  »FVs

—— > Permeate

Y

5 stages concentration

5000 rpm, 40 min 750 kDa
Whey ———»| i ': >
5 stages dialysis 4
750 kDa
v
Pellet
-}
Dialyzer

Figa®Pegocess fl pwotdbagta@ efD

43. Whey + concentration + D
100 mL of whey have been centrifugated at 500

The supernatant has been col |l eeqgetdol a2n.d Tchoen c5e0n
whey | eft has been subjected to dialysis and
modul e wit h 7iao fnio |oef dOu7l Tiai( kKaDgp@ r. e 3

e EV'5

» ———» Permeate
5 stages dialysis Concentration to
750 kDa VCF =5
Concentration to
VCF=2
5000 rpm, 40 min >

wey ———» LA . l

Pellet Permeate Dialyzer

Fi g8xPag ocess fl pwottlbagta@ ef concentration + D
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4. 4 Analytical techniques

4. 4.1

Si ze
separ
of ot
phase
compo

phase.

Conyve

The r
el ute
t he r

p Th

t h

p Th
p Th
Durin
prote
as on

Size Exclusion Chromatography (SEC)
exclusion chromatography (SEC) I's a wi de
ation of Dbiomolecules present in a sampl
her forms of interdctSIECn.arTehe htewos tprtii mmi
s, which are respectively composed of s
unds is contingent wupon their ability to
alrgpeegednollecul es are able to traverse t|
rsely, smaller molecules can enter the b
esulting output of the analysis is a chr
d versus the detector signal. Once a com
esulting chromatognamf: This allows the d
e retention time of a certain compound,
e time required to the component to fl ow
e height of the peak, proportional to th
e area of the peak, proportional to the
g the analysis, the detector signal i's s
i n detection. However, this wavelength a

e of their chaeacteonfssucfheatpreseiasth

SEC was conductedEUWHPLCg (tHh ey hWaPteerrfsorAracnce Li q

System {Fi gwhriec h3 compri ses three distinct modu
p Quaternary Solivpernets sMarnea gneirx,i ngpwsystem that
p Sample Manager, responsi ble for the inject

ch

romatographic col umn

p UV/ Vis deiwavtve®lrenglulal absorbance detector



Fi g8l'wat erBsSHRAr€¢ System

The chromatographic column employed is the XB
packed mni tble aZiasktb8aer e reported the specification

Tab8Sgpeci fication of XBridge Premier Protein C

XBridge Premier PmmteolnumMEC 250

Particle size 2 .nmn

Porse ze 250
MW separation r 106650 kDa

pH stability 2.18
Temperature sta 4i60AC
Maxi mum back pre 6500 psi
Maxi mum fl owr af 0.5 ml/ min
Maxi mum vol ume 19 ml
Maxi mum mass | o 199 mg

Assuming that the retention mechanism i s

ent i
size of the molecule, it is possible to relat
I n particul ar, it hes beme ehown Bhatytheiset
|l ogarithm of the molecular mass, for molecul e
nor mol ecules that can penetrate all of them:

il az0 A (4.1)

where m and b are the sl ope andgitshd hien trert ceenpgti
Kii's evaluated as foll ows:

do ¢



i n which:

p VRi s the retention volume of the analyte

p Voi s the retention volume of the col umn

p Vidts the total solvent volume of the col umr
Extracel lul ar vesicles are too | arge to ente
i mmedi ateicyal dtedt leasdovol ume of the col umn. H

occurs concurrently with ptrleatl uafi ntghd hleamppearsimp
the EV peak exclusively.

I n order to evaluate the molecul ar weight of

ou(tFi ga)mM&i 8 all ows for a comparison between t
t hat of an unknown sampl e. The <calibration,
foll owi-mgnuat e 0&qui |l i bration peri o/dmiwi.t hAnPBiSn ja
volume of 15 mL is wused, with duplicates (two
empl oyed arbeuliimmu& o(gll G) , bovi -k acteas g ldo dacl t b)umi
myoglobulin (Myo) Thrd moyecuy me Weyght and th
standard is %Yeported in Table

0.25

0.2

=)

<

£ 0.15 IgG

S BSA

AN

® o1 —— beta-lact

% —Myo

2 Y!

0.05 by

0 /\AJ

0 1 2 3 4 5 6 7 8 9 10
Time (min)

Fi g82Se&E€EPLC chromatogram obtained injecting sta

dn &



TabdPa ot ein standards mol ecul ar weight (MW) and r

MW ( Da) Logl0( MV Retenti©n
|l g G 155000 5.19 5.15
BSA 66400 4. 82 5. 77
b-1 act 18400 4. 26 6. 39
My o 17000 4. 23 6. 77
Lys 14600 4. 16 7. 62
The calibration |Iine is obtained by plotting
ti me @Fi.gkEmaeh point, except for Lysozlysnezyimet
has not been considered for the calibration ¢
6
BSA
| GRTIITTOOR
’ we R o
R TTT &
4

betalact

y =-0.6397x + 8.4771
R2 = 0.964

5.00 5.20 5.40 5.60 5.80 6.00 6.20 6.40 6.60 6.80 7.00
Retention time (min)

Fi gB8¥Ceal i bration |ine obtained with known st an
The equation of the calibraandosetilopgeyenecessdr
evaluation of the wupper and | ower [ i mit of t
sampl e anal ysed.
4. 4.2 BCA assay
The bicinchoninic acid (BCA) assay is a color
protein solutions. 't i s-Dd chaeDtdPi'yruii nveel imeet,h oad
bicinchoninic acid, thpapttlae¢l owt dalo peorcalnangr
protein concentration i s exhibited by a <col
corresponding its concentration. Protein conc
referenaeedaonds of a common protein such as bo

dn M



wor ki ng Biewmrgetntr d aat it dcre, which invol?2Wes t

The
with the peptide backbone under al kaline cond
50:1 ratio. The reagent A is a colourless alk
carbonate monohydrate, saddusmodiauvumrhitear sodau
is a light blue solution containing copper su
the protein sampl e) quti gd)irle sB3wi tch to purple c
Step 1) Step 2)
OH- 2 BCA

Protein U Curole

[eysteine, cystine, - Temperature-dependent N BCA-Cul+ : “rpnm

tyrosine, tryptophan + CUZ reaction CU1 COh‘Ip'EX A8

amino acid residues)

BCA

Fi gB4Be&CA reaction

assay is performed wk BEAt pereoThBenmasSaiyekt

mi cropl at Af peocetdereample has been diluted 15
of womr&«agqegnt are -mianéee.i hnthddwel bn, a calibr
BCA at different concentration as a standard.
concentration -20M00 hmag /rnaln.g eT hoefn 2t0Ohe mi cr opl at e
mi nutes and the absorbance at 562s mer thrasp Hoetem

(Figodre 3

4 . 4.

The
DNA
ar e
or

h 4
%
\ C
r\‘ ) )
= ~Z\ AR\
= ~ W\ = W\
c\‘ \ \ A\
\ \ \ \ —
y D = ©
i & 2 \\_\ e
Mix Reagents A and B 50:1 25 pL sample or standards Incubate for 30 mins. at 37°C Read at 562 nm
to create Working Reagent + 200 pL of Working Reagent

Fi gussSece hmatic procedure of BCA assay

3 RNA assay
@RMINiIAt HS ( Hi gh Senshitghliy yse lAsctaiyv &iftam dRN /

(dsDNA). Common contaminants such as salt:
well tolerated i ERINA #Hi8abhbsagncent naendesd.
arge mMRNA. This assay is accurate for init

dn =



The working solution i & RNrAe H&r e ce algye nd i I( 2t0i0OrKg i
in @GuRNA HS buffer. The working solution must
way that the final (Folg@met h3isss emartaans t o 200 mL
p 190 mL of working solution and 10 mL of st
p 18™M9 mL of wor ki-n0g nslo louft isoanmpal ned 1
The two standards used have a concentration o
time required is 2 minutes at room temperatur.
Qubit 4 Fluorometer.
Standards from kit
g il iﬁiﬁ‘
10U, 104
Final volume
190 uL is 200 pL
iQuant™ User Samples
Reagent @@g
1-20pL\ 1-20pL\ 1-20pL\
Final volume
180-199L is 200 pL
FiggBeaSecehematic procedure of RNA assay
44, 4 Dynamic Light Sepattetimag (DLS) and Zef
Dynamic Light Scattering (DLS) is a technique
profile of particles in solution. DLS is fou:
particles in solution exhiobist facdochi mgvemwmeéhi
and solvent mol ecul es. This type of movement
intensities. Further more, the variation in in
gi vtemat small er particles exhi bpFt gir eTalBeeir S tvoek
Ei nstein equation is used to calculate the dif
0 — (4.3)
wher e:
p D is the particl &sdiffusion coefficient [ m

dn &



p kei s Boltzmarkng/§osnst ant [ m

p T is the temperature

p h is the viscosity [Pa s]

p Ris the hydrodynamic radius [ m]

Intensity

Small angle A
; : scattering
Suspension with — :
large particles | < /m

C \) e —
2
3 - a Time or 6
5 A
? Large angle -
= _—_scattering e
2 Suspension with < =
8 small particles v = M/\(\/M
S o, 8
i | \»7A-,,» A
o % >
QY Time or 6
Fi gB8nSeet up of DLS measurement system
A single frequency | aser is directed towards
move within the sampl e, the incident | aser |

then detected at a &petmeic angle over a peri

The particles dispersed in a solution are dis
buffers, which enables the formation of an ex
The inner | ayer, desiigngtreed oans ntame | §t eromplos ¢ &
charge to that of the particle. I n contrast,
constituted by |l ess firmly associated iDln)s, el
(Fi dBr.e The zeta potenti al is defined as the
application of an el ectrical field. This valu
strongly negative or p®@Vtianed Wwalgheroft halR *I3®
the particles are wunlikely to associate or f|
variations can be employed to measure o6hesizef :
mobile particles scatter an incident | aser be
di fferent frequency than the original | aser

particl es.
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5] @

@ =
Surface charge (negative)
@ = stem Layer @
@
o ? Slipping plane
=) @ :
®
=)
® ° @
% S .- Surface potential
@ @ ‘ . : --Stern potential
@ g .- T potential
@ S @ ...........................................

Distance from particle surface

FigB8Representation of the external doubl e | ayer

The instruments employed for both DLS and ZP
Mal ver n. The size rangne fwhn |l BL$Sors Z@end. t nTihet @

i nstrument i s aNsesolcasadred( 5vi mW, a6t3d3s ntnmh e tHE\ast |
introduced in a 1 c¢cm polystyrene cuvette. Th
program, Zetasizer 7.12. The instrument all ow
preliminary equi lenbarbaltesont hpeh ame@ni twohriicnhg and

temperature (25AC). I n order to perform Zet a
poured into gold cuvettes with gold electrode

t hseol uti on.



5. Results and di scussi on

The objective of the experimental work presen
protocol for the purification of extracellul a

This chapter prepravtisot siley reistued sprodt a @l s an
of the different experiments. All data presen

5. thkEnaceaicRuwurrgudrieccaati on procedures
The ©plant culture broth of Echinacea Purpur e

procedures with the objective of identifying
MF + DF, entailed two pr elaitmiomar(ys, tOrOela trmpemt 4901
microfiltration (hollow fibre with pores of 0
t wot ep pretreatment protocol was bofitthyal plyamntn:
brotihgchwhndi cated the presence of numerous i m
microfiltration is the removal of | drFgel cowt &
fibre module. The remaining protoecaltsnemndeatt eip
purification, namellhye MF atp hDsF oafn de a& h+ rDeFp. | i cat €
The results obtained have been compared in or
terms of i mpurregowvemgval and EV

Fi gBOeresents the <chromatograms ,off otrhet hreetMHF
centrifugatiresute¢esmgctfiroenl yhe various clarifi

0.09
0.08
0.07
0.06

0.05
0.04 —C+MF
0.03 —MF

Abs @ 280 nm (AU)

0.02 —0C

0.01

-0.01
0 2 4 6 8 10 12 14

Time (min)

FigB8mRetentates of clarification processes

I n theildamgeubes, only impurities are priesent
4 minutes. However, due to the scale of the

dn &



shapes and heights of the chromatograms diffe
and analysed on different days, wusing a diffe
The identification of the opti mal clarificati
from-HPEC, which can be evaluatlkd in thesfodlb

o]

a
of the previous graph has been modified to b

0.002
0.0015
=)
< o0.001
e
<
o
@ 0.0005 C + MF
© —MF
8 0
Q —
. C
\
-0.0005
-0.001
2 2.2 24 2.6 2.8 3 3.2 34 3.6 3.8 4
Time (min)

Fi gdoRet ent at es of cdEa/rsi fziomant i on processes

The analysis of EVs revealed that, ding rbioftihc an
| ower compared to the¢reanmemitsgiandionaté vinkehat

ascr i btahbed ec anomotnh es tfeoprorbetrc ol s , namely microfil
culture broth was found to be too foul and it
HPLC, the only comparison that can be made

mi crofiWwtthttbae sspernatant of tahses occeinatre of upgees
supernatant was O0.0016 AU, while the h@4 ghU of

(C + ME) 9@®EJdAU (MF), indi ciagii mlge al eevalc.ti cally
I n t eirmmsu mietmgevsgalhe choi ce Hetewmdene ntt he ptt wWwo nsr @ <
as both are capable of removing proteins. How
i mportance, the opti mal approach i sttep@.empl oy
Prior to executing the opti mal protoealt mewhi
ot her two protocols (C + MF + DF and MF + DF)
mi crof dloesamiodn prnaviaddev asnitgangiefsi cian t er ms of i m
significant |l oss of EVs.
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5.2 Echi naicdeiaa fRH U rtpruarte ao n
5.2.1 « [pHF MFocol

The 1 nitial pr ot-torcemdt memprstsess it woe mptrrei fugat. i
and microfiltration (hollow fibre with pores
constant volume diafil tirsatadarnr iaendd ocuotn clesnitmat a

with a MWCO of 750 kbDa, as detailed in paragr

Figupeed4ents the chromatograms of the retenta

0.035
0.03
0025
)
S 0.02
c O
<
§0.015 ——RVDF1
® ——RVDF 3
g oot ——RVDF5
<
0.005
0
-0.005
0 2 4 6 8 10 12 14
Time (min)
Fi gdrSeEEPLC ( XBridge Premier Protein) of retentates.
I n theildamgeubes, only impurities are presen:

i mpursiitgined i cantl y r educe ad weors tt hceo nporl cect eesl sy aarbds

Fi gWwmpe edents a si midaoomgrtadaeh EVisutsiwintal 4 whi c
mi nut es .



0.0005

0.0003

0.0001

-0.0001

—RVDF1
-0.0003 —RVDF 3

—R VDF 5

Abs @ 280 nm (AU)

-0.0005

-0.0007

-0.0009
2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4

Time (min)

Fi gd2SeE€EPLC ( XBridge Premi eEVsPrzoacem.n)Abosforrbearemde adetsect ed

As il lustrated, the concentration of EVs thro
const aaretarandl refract, despite a slight decline
the outset of the purification process, i ndi
specifically during the clarification procedu

With regard to f(IFe gd,0 ewchindlo adlnlomesasept he conc
i hhfe sal ytioni s evident from Figure 50sampt eth
even at Vekp5te the peak corresponding to E\
noticeably | ower comppredi mhaitfethlg. oneti al one

Not atbpwp,rti omhrodmathegaanti WGEE Wesx haitbi t s two peak
the singleaped&CFaehsé&r a@me VCdt=bnt i al expl anat:i
the aggregation of certain particles or EVs,

the pulses at 90 mL/ min prior to each samplin



0.0004
0.0003
0.0002

0.0001

-0.0001 —RVCF 1.3
—RVCF 3
—RVCF5

-0.0002

Abs @ 280 nm (AU)

-0.0003
-0.0004
-0.0005

-0.0006
0 2 4 6 8 10 12 14

Time (min)

Fi gd3SeE€lPLC ( XBridge Premier Protein) of retentates.

TablOpresents the data obtsaiwhidc H riomc Itthcee £ htr loem
and the relative contiemtt lné fbee¢di/hiEMpecadatald @ onp iu

anal ysed.

Tabll@®ata tabHRL®f SEC

Sampl e EVs ar RelativIimpurit Relative
( AU* mi content (AU* mi content

MF 0. 45 -8 . 50& 100 3. 6AE 100

VDF 1 -7 . 6064& 89.60 7. 6B6FE 21

VDF 3 2. 2064& 26. 51 1. 500 E 0

VDF 5 1. 60rE 1. 96 2. 0 &E 0

VCF 1. -1. 8B& 0 2. 200 & 0.5

VCF 3 7. 60FE 2.94 7. 80E 0.1

VCF 5 8. 3BE 1. 96 2. 20& 0.1
Th protocol i n question does indeed permit
remaining. However, the relative content of E
Il i ght of the aforementioned sebuétsedthosfopr
replication. Il nstead, stepmapr bteeaamoent i pdot o
DF.



5.2.2 BMFotocol

The second protocol tested i ncMRKhpodr rlatwacfdiwah reei ¢
with pores of 0.45 Gno, pfuorlilfoywetdh eb ys admpalfei.l tTrhaet
the protocol i s presented in paragraph 4.3. 2.

Figuwiéldastrates the chromatograms of the rete

0.018
0.016
0.014
0.012

0.01

0.008 — R VDF 1
0.006 = R VDF 3
—R VDF 5

Abs @ 280 nm (AU)

0.004
0.002

-0.002
0 2 4 6 8 10 12 14

Time (min)

Fi guaSeE€E€PLC ( XBridge Premier Protein) of diafiltration r

The signal of i mpuritieandeappsbtaabhes aedecate

With regard tob5theda hEeVssi(ghiadurweass dabsent from
|l oss of vesiclewFcbacufredtdoni sgepheas previo



0.0005

0.0003
=)
< 0.0001
IS
< —— L —
§ -0.0001 —— ——RVDF 1
® ——R VDF 3
£ -0.0003 ——RVDFES5
<

-0.0005

-0.0007

2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4
Time (min)

Fi gdsSeEEPLC

( XBmre miger

Protein)

cEVdiabomtrAbsonbaertentat es:

With repardoncentrati on process, it can be ob
oboit mpurainElis¢ i gér.esThMi s i s i n contrast to the
peak was | arger than that of residual i mpur it
the EVs have not increased since they were ab
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Tabllpresents the data extrfacrt edhd r beng d /hweeitcehnrt
includes the areas of the peak and the relat
coll ecntcetd avaasl ysed.

TablIl2at a t abHRL®f SEC

Sampl e EVs ar RelativIimpurit Relative
(AU* mi content (AU* mi content
MF 0. 45 6. r®4& 100 3. 5BE 100
VDF 1 2. 204& 29. 73 1. 2@E 34. 67
VDF 3 -8. 66BFE 12.76 1. 0BE 2.93
VDF 5 3. 6& 0. 46 2. 9B&E 0. 83
VCF 1 6. A& 0 4. 204& 0.89
VCF 3 2. 2AFE 0 4 . 3M4&E 0. 41
VCF 5 2. 9BE 0 5. 201 & 0. 30

The data presented above represents the mean

the i mplementation of this protocol has resul
present in the final .pHoWwewter , wiat Biani Valrue rem
of EVs, which are completely absent in the fi
was found tasbel ansb@iftoarblitehni smefteheodd Consequenit
onktentrifugation as a preliminary treatment w

5.2+3 P& ot ocol
As previously stated, the experimental protoc

p Centat b@w®®0 rpm, for 40t rmdaturmherst )at 4AC (pr
p Five stages of diafiltration using a HF mo
p Five stages of concentration using the sam

as epordeetdapiialm aignB.a3p.h 4.

Figupeedents the chromatograms of the diafilt
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Fi gdnSee€PLC ( XBridge Premier Protein) of diafiltration r
This protocol, in common accordance with the
of the impurities present in the sampl e.

Of particular intereasdgsdci a@thed bpdaksd owlrk iadfu rdah

48 As previously hypothesised, t hter ewnttinleing a tm e
effectively prevents the | ossyofuskiBgmaldes et
microfiltration. The signal of EVs remains re
increase is discernible between the initial a
dedhament of aggregates from the cake present ¢
mL/ min at the end of each step. -HAWL Cpr(edv.ido.uls)l
instrument 1is unabl e to di sdiimigluars hdibred wsieon £,
column at the same ti me. Furthermore, the pre
increase in the peaks, as everything |l arger t
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Foll owing the completion of the five concentr
associated with EVs, which reaches a height o
(Fi gtmMéd er et ios epwasbeoikd enteitfhieed pds mal one, as
retaamdngoncentrating EVs while simultaneousl!
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Tabl2presents the data extrfacrt edhd r beneg d /wdeitcehnrt
includes the areas of the peak and the relat
coll ecntcetd avaasl ysed.

TablZ2ata tabHRLOf SEC

Sampl e EVs ar RelativIimpurit Relative
(AU* mi content (AU* mi content
SN 5000 7. GE 100 6. 30E 100
VDF 1 7. 30 &E 95. 03 2. 3AE 36. 12
VDF 3 7. 2Q@&E 93.19 2. 9B E 4.63
VDF 5 7. 2B%& 93. 31 3. 40&E 0.53
VCF 1. 9. 61&E 93. 25 3. 500& 0. 42
VCF 3 1. 96 FE 82. 98 2. 3BFE 1.20
VCF 5 2. T E 71. 46 2. 0E 0. 63
With rdder detlmtive i mpurities content, t his
percentage of proteins in the final product i
content , these experiments partmidt vtaHha eat(tnaeiam
comparison to the other protocols, wherein th
Having demonstrated its efficacy, further ana

assays, -patSemnidalz.



The BCA assay enables the quantification of t
exhibits a declining trend in ac-tlBL@€anesuWwt sh

final product, resi dual @arso teeviindse n(ck.d0 6 ymagt/hneL
However, some of these proteins are | ocated o
that this type of assay is unable to differen
The final product was also analysed with the
The average value repodt aedckfiemr st teo toabdlye thwveol ow
the instrumentation was unaveaxipearbilnee ndturi ng ¢t h

Tabll3Eot al protein concentration and RNA concentration

Sampl e Total p RNA

concent concent
( mg/ mL (ng/ mL

SN 5000 8. 51 /
VDF 1 3.08 /
VDF 3 0.94 /
VDF 5 0.80 /
VCH . 3 0.87 /
VCF 3 0. 96 /
VCF 5 1. 06 46. 2

The fi nawaamrad d/setdtrod edetietsamiemedi stri buti,a® anoct
descri bed #¥4n4d . paragraph 4.

The principal parameters dhatrhbuti bepewi thpoe
t heavZerage and the pol ydavsereage trye prnedseexn t(sP Dtlhe
monodi spersed sample, whereas the PDI is a di
width of sthme bstzen.di The PDI values are di st
monodi spersed sample, and 1, which indicates
di stribution and zeta potenti al measul emagt & a

presented as means.

With regard to the size distribution Q@rernd,e I
second popul ation is |ikely attributable to t}



Size Distribution by Intensity
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Record 43: R VCF 5|

FigbeoSe ze distribution by intensity of final

TabUprdsents the meanpotsesniitalveEoBgtPh ShdndvEr ¢
notably high, suggesting the potenti al presen

PDI value indicates the exiBttheesbteddvetsehb
reported average size pertains to the initial
potential measurement indicates a negative su|]

i s stabow awgigtirhegaatli on tendency.

Tabll4&aver age, PDI , average si ze, intensity and Z
Sampl Z-aver a PDI Averag I ntens ZP (m'

( nm) (nm)
RVCF ¢t 342. 6 0472 275.1 73. 3 6. 70

53Mi Wheiycl ari ficati on
The following espepirmesuts® dpf @pogséce purificat.i
br otlchmifnacea Bopppuridak bBwsteyt art iTrhe fsemak pr ot

employed to ascertain its efficacy irrespecti
stage, only centrifugation has been employed,
PurpurdaheEYysaphs of each replicate are report

5.4 Milidi Wheytration
The protthaocspler amast:f ol | ows

p CentgraitfitgOn®0 r pm, for 40t rme axturheerst Jat 4AC (pr
p Five stages of diafiltration using a HF mo
p Five stages of concentration using the sam

A9p WA
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trend i

n

contrast

i nstance.
di scernib
peakosulsdh be

t o

As i
despite the graph's scale. Conseqg
present during the concentration s

| e

he chromatograms of the diafilt

i mpurity content, thereby demonstr at
t he f

i ndings peaesa&mée edot ne mptair aglr ¥
|l l ustrated in Figure 53, t he s
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FigwWBpeeSents the chromatograms of the concent
peaks corresponding to proteins are present,

prol onged ftor amdiriee vet eap sSiNieglee it hed ms®sail dtheed Ep/esc
most prominent, indicating that the concentra
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Tablber esents the data extracted from theschro
and the relative content of both EVs and i mpu
that they were not anal ysed.

Tabl®ata tabHRLO®Cf SEC

Sampl e EVs ar RelativIimpurit Relative
(AU* mi content (AU* mi content
SN 5000 4. 2B8FE 100 2. 8GE 100
VDF 1 4. 90®FE 100 1. 26 E 44. 36
VDF 3 4. 88BFE 100 3. 3A=xE 11. 65
VDF 5 4. 4 FE 100 9. 10FE 3.23
VCF 1. 5. 400FE 96. 61 1. 0@RE 2.69
VCF 3 1. 3BE 100 1. 4Q@FE 1.64
VCF 5 2. BE 100 1. 7@E 1.21

The data presentadicatebetthabl ehabopeotocol i

broth, but also for milk whey, despite the rel
(3.23% versus 0.53%). The rel ati vefiElVtsr &toind re ng
(100%), regardless of the concentration.

Furthermore, other analyses have beeornendnauct
The BCA assay enables the total protein conce
a decreasing trend iHPLaCc crpersduglntese porga edhbaf $h
product still contains some proteanalyg&i 88 mg
Tabllegot al protein concentration obtained throucg

Sammlaane Tot al p

concent

( mg/ mL

SN 5000 8.51

VDF 1 4. 56

VDF 3 1.89

VDF 5 1.08

VCF 1. 0. 18

VCF 3 0.23

VCF 5 0.29
The final product Wwestemamiahgsedsi ai neddrstmoib

described i n paragraph 4. 4. 4.
The principal parameters that have been repor
t heavZerage and the pol ydavsepreagse trye prnedseexn t(sP Dtl h e
monodi spersed sample, whpaeramethbe PDBDhti pravdd
width of the size distribution. The PDI val

dc M



monodi spersed sample, and 1, which indicates
di stribution and zeta potenti al measurement s

presented as means.

With regard to the size distributidpn Thendec
popul ation is |ikely the result of the presen

Size Distribution by Intensity

DO e R SRR R R :

—
[3,]

Intensity (Percent)
=)

3]

0.1 1 10 100 1000 10000

Size (d.nm)

Record 46: R VCF 5|

Figb«aSe ze distribution by intensity of final

Tabl7T@grésents the averagpeteebualt s me &-a Dk &S epantds
consistent with the typical di mensions of EVs
popul ation is more relevant htthamttemes idtyheorf. tTh
potenti al measur ement s indicate a negative
preparation is stable and exhibits a | ow aggr

TablZaverage, PDI , average si ze, intensity and Z

Sampl Ziaver. PDI Averag I ntens ZP (m
( nm) ( nm)
RVCF ¢ 19. 6 042 174 . 7 90. 5 -4.58

5.5 Milidi Whggis

Thi s paragraph presents an alternative purif
di scussed and anal ysed. Rat her than diafiltra
conventional concentration step. The starting

dc



5.5.1 C + D protocol
The initial protocol under investigation comp

(5,000 rpm, 40 minutes, 4AC), prior to the a:
carried out wusing a holfFow5Di kDa, maduldet wi 1 e c
This protocol has been examined as a potenti a
Fi guwrrpag esents the chromatograms of the retent
rangéeldofmibnut es, only I mpurities are present.
persist after stage 5, whTkdéd lEermedploadde mon $
in the removal of proteins that eluted at app
the elimination of proteins that el ut e b-at ar
| actogl obwlpiom tpalak nagd hre cali bration | ine). A
remove the first impurity peak (around 5 minu
modul e to remove smaller i mpuriggtest d hlagar ggdrut
that exit the column earlier.
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Fi gb65SeE€lPLC ( XBridge Premier Protein) of dialysis reten

The following fpgesent{ i gugeaph of t he isganmd ,d
which i s i ni4t hme nruaanegse of 2.5

dc &+
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As il lustrated in the figure above, t he conce
| argely consistent, indicating that this appt
modul e and/or in the per meatna, e&wen odlsrri ng pr
With regard to the concentration step, which
VCF equals to 5) to be b/bhthaitnede i mpius idviede mt
particularly the first two peaks. I ndeed, the
comparison to the supernatant obtained throug
underpwaerntti al reduction during dialysis, has r¢€

With regard to EVs, the height of the peak i
considerable increase of approxi mately one or

dc i
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TablBeresents the data obtained from the c¢chr ome
the relative content of both EVs and i mpurit
permeate i s attributable tom arhel fxaicg. t hat t he

Tabl®ata tabHRLOf SEC

Sampl e EVs ar RelativIimpurit Rel aitmpvuer
( AU* mi content (AU* mi cont ent
SN 5000 4 . 2B8FE 100 2. 80GE 100
Stage 4. 1-6FE 98. 57 2. @E 74.7
St age 4. 2@F 99. 86 1. :6E 40. 9
St age 4. 60 FE 100 7. 6Q@RE 26. 8
VCF 1 4. 9BFE 88.11 8. 20/ E 21. 8
VCF 3 1. 400 E 100 1. :6E 13. 4
VCF 5 2. 8BE 100 1. 4QE 9.9
The data presented in the preceding tabl:e cor
p The concentration of EVs remains constant |
resulting in xoh®MWtrel ati ve EVs
p Despite a reduction in concentration over
relatively high 1| evel (26. 8 %) foll owing d
decreasing, the final rel at 99 i mpegoimpiae s s
achievable | evel through diafiltration (1.

dc ™



5.2 C + concendHFatiT@nkBDPaD protocol

e dialysis process is driven by the concent
om the feed solution by the dialyzer. I n 1 i
has been determined rtphartata ngio dinf iseddigri ot
ntrifugation and dialysis, merits investiga

pernatant to a volume concentration factor
om 100 mLIttois0 amlti ci pated that this step w
nsequent to their concentration. A comprehert
3. 6.

RO UMW O — = 40U
- O~ CcCc oo+ = T -

The grwphl bsetloates a comparison between the s
of concentration (VCF5@2)thé&dscohtestratiedni do

i mpurity peak, which remains unchanged. Howe
respectively, in the second and third peaks.

arounc u8e sm,j are able to permeate the membran
concentration process. The growth of the seco

the feed.
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Fig&eo mpari son between supernatant and VCF 2

The subsequent section of the protocol reiter
paragr aphhr egsgrutrse t he chromatograms of the r e
Despite the application of this protocol, the

corresponds to a dialysis perhasd doegmabn shtoruartse. d
t o:

p Completely remove proteins that elute arou
dc A



p Reduce @ftbhamenosthe proteins that go out ar
p Halve the first 1 mpurity peak around 5 min
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Figwrie @ledicated to the EVs signali4 mwhniucthe si.s
concentration of EVs remains constant unt i |

evident . The | oss of EVs may begatesi botedet 6
modul e, despite the fact thatcutrtreenetnti re proc

dc M
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With repaerdonoentration step, which enables t
(i .e.., the EV of VCF equallshato Hhe i mpursi teive:
prevalent, particularly the first two peaks,
EVs, the height of the peak increased from 0.
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Tabllresents the data obtained from the chr ome
the relative content of both EVs and i mpurit
permeate i s attributable tom arhel fxaicg. t hat t he

Tabl®ata tabHRLO®Cf SEC

Sampl e EVs ar RelativIimpurit Relative
(AU* mi content (AU* mi content
SN 5000 6. OAE 100 3. 266E 100
VCF 2 1. 3AE 100 3. 5GE 54.51
St age 1. 0XE 90. 90 2. 20 E 63.89
St age 1. :6E 88.40 1. :6E 32.59
St age 1. OOrE 81. 74 7. 40E 20. 84
VCF 3 2. 106E 55. 92 1. OAE 9. 68
VCF 5 3. 3E 51. 04 1. 2AE 6. 82
The data presented in the precedi tdrtoanalte gaan
p The dialysis process results in a Ilimited
operating time, the final content remains

p A notable reducti ohEVs$) eixd ralcedd weddardwreisng |
in a relative EV content of 51%

p Despite a reduction in concentration over
relatively high | evel (20.84%) foll owing
decreasing, the final rel ati.B8e %) mp wnr ictoinepsa |
t he achievable | evel through diafiltration

5.5.3 C + concendF a@mmb®m + D protocol

The outcomes of the preceding protocol demon
module in eliminating the smaller i mpurities,
from the procedure. Conseduemttliyo,n ao fp ocatne natlitaelr
modul e with a mofécMWMCOWeioghto.d®t Om, whi ch
removing the | arger impurities.

FigWwki el Gstrates the chromatograms of the rete
this protocol nevertheless reveals the persis
di alysis time of 5 hourhe prnecceodnitnrga spr ottoo ctohle,
0.15 Om HF module has resulted in a reductior
evidenced by the figures below, which il lustr
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Figwiel@strates the evolution of the EVs sigr
and then remains al most constant from stage
formation of cake aggregates eenca-thet efeinbtr esr o
empl oyed.
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With regard to the concentration step, which
(i .e. the EV of VCF equaldst htad 5)h,e iitmpiusi ¢évied
especially the second i mpurity peak. However
I n contrast to the results obtained with the
smal | er hianvpeu rniotti ebseen compl etely removed in tfF
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Tab2presents the data obtained from the c¢chr ome
the relative content of both EVs and i mpurit
permeate i s attributable tom arhel fxaicg. t hat t he

Tab2@®ata tabHRLOTf SEC

Sampl e EVs ar RelativIimpurit Relative
(AU* mi content (AU* mi content
SN 50@®m 2. 8AFE 100 3. 2QE 100
VCF 2 1. 0QRE 100 3. 5BE 55.60
Stage 9. 50F 93.30 2. 3UME 65. 64
Stage 8. 9B FE 87.53 1. OME 29. 04
Stage 8. 3I0E 81.80 4. 8t E 13.58
VCF 3 2. 3AE 76. 96 6. -ME 5.82
VCF 5 3. TBE 72.88 6. 8GE 3.84

at W



The dat a

sent ed

pr e above demonstrate an i mpro

p Despite a residual |l oss of vesicles during
reaching approxi mately 73%

p Moreover, tclhhetiempuraifttiees di alysis is di mini
in comparison to the final product of alt
relation to diafiltration

5. Bbxperi ment al protocols compari son

5. 6.1 ERuWr pmurcecaa

Fi guwmpe eBents a compari son between the final |
previously described.

0.005
0.004

%o.oos

£

[

% 0.002 ——C + MF + DF

) ——MF + DF

2 0.001 —C+DF
0 JL\ —

-0.001

0 2 4 6 8 10 12 14
Time (min)

Fi g65SeEEEPLC ( XBridge d@memirers oldr otfeitrh)e final pr.Adsotrbaatet he

detected at 280 nm

The graph clearly demonstrates that the C + D
i s capable of completely removing I mpurities
Furthermore, it all otwisorf oaf aEVs ,gnwiftilcaamtpeak c
i s considerably higher than the 0.0003 AU ach
has al so demonstrated a high degree of replic
tdh Echinacea Purpurea feed. Des pirtae Bihoet ercihg ofr
production of the culture broth, variability
common feature observed in vegetal EVs source
With regard to duration and scalability, bot
diafiltration are more effective than the gol

a1



noted that the aforementioned protocol requir
| aboratory holl ow fibre modul eswabeumbbdubked.rr
1 to 2 (or mor200 nt]i, meash bleabr guesre @itODann Itahb or at or vy
them to process much higher fluxes, which 1in
the UC protocol required 2.5 hours to proces:
i ndusctarlieal s

With regard to the purification process 1itse

assessment of the wultracentrifugation protoco
determining whether one meherodi n st emomse cff fieop
EV concentration.

5.6.2 Milk whey
Figweer esents a comparison between the final |
previously described.
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e
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Fi geeaSEE€IPLC ( XBri dge d@memirers olr otfeitrhn)e f i nal pr.ddbsotr paatet he
detected at 280 nm

I n contrast to the findings for Echinacea Pur

choice, the situation with milk whey 1is | ess
concentration + D prot ofcioblr eutmoldiuslien g st hteh e7 5 Oe al
protocol s, as the impurities remain relativel
perspective of i mpurities, the combination of
Nottwhist anding the incomplete removal of I mpur.i
t wo protocols. Wi th regard to extracmild |lhwlldrow

1 &



fibre (HF) module is more effectiv-assAsidémdn
reaches 0.07 AU, whereas in the case of diafi
i mportant to note that |liint yt hien ctahsee foefe dmiclokmpw
observed, although to a | esser extent than in
shape of the curves are consistent across al/l
obsedvdi fferences in the height of EVs peaks
narrow range of wvalues. Furthermore, the form
errors may al so be contri buttiionnge df accotnosrisd.e rlart i
concluded that the C + DF protocol repr-esent
associated peaks observed.

One potential approach to the wuse of dialysis
di alysis protocol s. From the graph, it i's ev
completely removing thesiimpartihatst héloweuse, |
beneficial For i nsrm rHde ymodgtud ret,i nvch i weiht ha | tl lbewsO
three Iimpurity peaks, and finishing with the
removal of the smaller i mpurities that exit
Furt her mbirreg telxd echur ati on of the dialysis pro
is recommended that the ratio between the fee
mai ntained, as after each dialpstsassepgnithea
With a view to a possible industrial applicat.i
C + concentrmn)i bn #tebDmé6OofLl5processing time. TI
to process 100 mL, while the | atter employs a
previously stated, -edifd fciiletnrta tpiroorc elssa lay lsmaasr,eb @tnkh
be readily scaled up.

6 . Conscl usi on

Extracel lul ar vesicles (EVs) are particles t
prokaryotic cells. They transport a specific

cargo of EVs depends onsetbeiproodoeigsn, mRNA, am
specific bioactive compounds. EVs play a pivo
and coagul ation. Additionally, they possess t
nei ghbodirdtngntorcel | s.

Since their discovery, they have been typical
mi | k, bil e, semen, etc.) or human cell l i nes,
not sustainable on a ¢asmgpeansdal emigedenvadinhle:
alternative origins have been investigated, i
be obtained from fresh plant juice, flesh or

EVs cammt diened fromatcite |l mi akhs, nasn wel | as froi
It is evident that fruits and vegetables prov
vitamins and fibre, which are beneficial t o
phar maceutical s, i ncluding htthelede welryp md nte xa fs
clear. The same consider atdieonsy edarcEVise applicihed
applications, Il ncluding the promotion of inte
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order to utilise these sources for the prc
ioritise the purification process. It is im
t al so a signifiaonant pgwamrt int woofpl expepramtde
movéaéde. gold standard protocol for the isol at
volves a series of centrifugation and ul tr
stlae nab an industr-cahsemahg datute, itbeti mm
ocessed in each run (resulting in a discont
moval. These shortcomi ngpd hdwe rmrad mptee ¢ utrh &
at can potentially enhance the yield.

e experimental wor k proposed in thi-lsaspeadper
ocesses for the purification of extracell ul

the plant culture brothnef mECLki whega phep
estion are not only available in | arge qu:
ailability, but they also represent two was
onomy persepaeatsitee prtoldeicts can be repurposed
h-v glhue product.

rstily, the purificat i ebna sperdo, c easss etsh eayn aa ryes eeda
empl oyed in a continuous mode. The technigq
rform constant vol umer edmoaviall tafats noanl,| wha lcehc t
e initial solution. The analysis begins wit
vestigation of milk whey.

i or
bj e
mpr
mp a
tra
sul
mo v
ab

o the i mplementation of the actual pur
to analysis with the objective of i
centrifugat ivoenr sfuosl | neiwcerdo fbiyl tnriactrioofni |
of the three protocols is based o
| ar vesicles (EVs), as eV iHPeLnC. e dT hbey
mamatt t he centrifugation pretreat me
d concentration, all three clarific
e quantitative cwansf itrhneata potni mahlato neh
emov al and an 71.46% EVs content.
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I
;
tly, the selected protocol was teste
acy independently of the source of l

eached 98. 79% whhu®, thmet Edrsl Y owmereatth
y removed, but there was no | oss of

—_— << oo @

®© 9 O
— = a5

fication procedure that was su
i cation step, namely centrifug
ce i s epnrcoev iidne dc dbnyc epnrtersastuiroen, bteh
e di alysate represents the dri\
I rification met hod, with a high |
e it could be used in this field. I n th
o the greater availability of the feed.
r

g

~ o Qo
- ST Taonown

i ng mol-efcful @ MWWv@)iagwwead | boeeesn s ubjected to
uration was found to be centrifugation,
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with a pore size of 0.15 Om. The protocol yi el
of 72. 88 %.

Il n conclusion, the opti mal protocol for ef f
encompasses both centrifugation and diafiltra
above, which demonstratetehessopebobohi gyaaotit
industri al applicability. Diafiltration is a
di alysi s, and it can be employed in a contin

conti nuwowsatomni of the purification protocol
objective of minimising the formation of <cake
by the variability of the starting feed.
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Appendi x |

The table below provides the composition of t
utilized as a diluent for tangenti al frledwrcanm
the preparation of one |litre of 0.1 M PBS. P
empl oyed to attain a pH of 7. 4.

Tab2®Bompositifor afonBBSnt volume diafiltration
Compound Mass (g)
NaCl 8.00
KCI 0.20
NaHP @ 1.15
K HP Q 0.20
BSA 0.002

The mobile phase #RhICoyaendal ysi $ hewas$SE@ phosph
concentration of 0.1 M and a pH of 6.7. The
solutions, designated A and B. ®&fol@®@t7 oins Aobsa
foll owing table provides the composition of
preparation of 1 L of each solution.

Tabd2Zompositifoor -ESPHCEBS

Sol uti on Compound Mass (9)
A Na Cl 17.53
NatP Q 13.80
B NaCl 17.53
NaHP @ 14. 20



Appendi x 1|1

This appendi x presents the graphical represer
with Echinacea Purpurea constituting the init
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The foll owing graphs represent the results of
the starting feed is milk whey.
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