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Milk Production Negative Impact

Greenhouse gas load caused by
methane

Demands high amounts of water,
energy and land

Contamination caused by the L‘ Exosomes \

disposal of untreated milk surplus

¢« MFGM liposomes

« Nanostructured lipid carriers

Surplus

= Solid lipid nanocarriers
+ Intact MFG

Milk Fat
Globules

and by-products of dairy industry

Whey .
[ Proteins J [ Caseins

« Emulsifiers R
= Casein micelles

« Casein Nanoparticles

. Hydrogels

* Nanoemulsions
Repurposing milk constituents to mitigate + Mictoparicls ®§D
their negative environmental impact

Soares, F. A., Salinas, B., Reis, S., & Nunes, C. (2023). Milking the milk: Exploiting the full potential of milk constituents for nature-derived delivery systems. Trends in Food 2
Science & Technology, 104209.



Motivation
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] 11 Milk-derived sEVs
* Emulsifiers - Casein micelles ‘ \
* Nanoemulsions + Casein Nanoparticles -
. Moopaioles  SCES  Ceralihi . part “‘ Size between 30 and 150 nm
Similarity with cell plasma membranes
Obtained from whole milk and milk whey
Soares, F. A., Salinas, B., Reis, S., & Nunes, C. (2023). Milking the milk: Exploiting the full potential of milk constituents for nature-derived delivery systems. Trends in Food 3

Science & Technology, 104209.



Isolation method
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sEVs Characterization

Table 1. Physical characterization (mean and mode sizes), yield and purity of the final sEVs isolate.

. Mode Size Yield . .
Mean size (nm) . (ke . #sEVs/ug protein #sEVs/ml milk
(nm) protein/ml milk)
1864 14815 3.9810.28 2.5E+09+1.1E+08 9.9E+09+2.7E+08
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Fig 2. Western blot analysis of different fractions from the purification
step using qEV IZON column. Detection of (A) TSG-101 and (B) CD81
exosomal markers.

Fig 1. Size distribution of the sEVs suspension
obtained by NTA
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Strategy
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SEVs engineering

Functionalized and
labeled sEVs

EVs
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CD44 expression

| CD44-FITC

MDA-MB-231
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Fig 4. Imnmunofluorescence of CD44 protein. Quantification of the green
channel intensity per number of cells.



Selectivity assessment

(A)

MDA-MB-231

MCF-7

(a3)

(ad)

(B)
(b1)

(b2)

MDA-MB-231

MCF-7

sEVs-SCy5@1000-1600kDa

sEVs-SCy5@1000-1600kDa

Non-functionalized sEVs
exhibited significantly lower
uptake

Increased uptake of sEVs for
higher HA MW

Evidence of differing uptake
mechanisms of functionalized
SEVs



Selectivity assessment

(a) sEVs-SCy5 sEVS-SCy5@20-60kDa sEVs-SCy5@250kDa sEVs-SCy5@1000-1600kDa
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Blue: Hoechst 33342 (nuclei)  Red: SCy5 (sEVs) Fig 5. Quantification of fluorescent sEVs on CLSM

images (red channel intensity per number of cells).



Selectivity assessment

Normalized Fluorescence Intensity (%)
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Uptake Pathways
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Inhibit clathrin-mediated
endocytosis

Inhibit active energy-
dependent mechanisms

More significant decrease in
uptake by MDA-MB-231

Active energy-dependent
processes involved in the
uptake of both types of sEVs

Higher decrease in uptake by
MDA-MB-231, also affecting
non-functionalized sEVs
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Final remarks
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SsEVs Engineering
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an alternative targeting strategy for TNBC

Functionalization with HA Higher HA MW

l l

Selectivity for CD44+ cells Superior binding capacity

Internalization through CD44
endocytic mechanisms

Enhanced internalization
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Targeted drug delivery Targeted imaging
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