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Milk is a complex biological fluid in which supramolecular structures
(casein micelles and milk fat globules) are present beside lactose,
minerals, vitamins and soluble whey proteins, as well as somatic cells.
It was recently shown that milk also contains extracellular vesicles
(EVs) that are released by mammary cells (MEC) and recognized as a
novel mechanism of mother-to-neonate transmission of information
and regulatory molecules. These milk-derived extracellular vesicles
(MEVs) were shown to be involved in the development of immune
functions of the neonate.

Combining an optimized MEVs isolation procedure with in-depth LC-
MS/MS proteomic analysis, our objectives were :

 to unravel the camel MEVs proteome
 to identify biological functions associated with camel MEVs
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Comprehensive Proteomic Analysis of Camel Milk-derived Extracellular Vesicles 
identifies proteins involved in exosome synthesis and secretion processes

 Validation of MEVs/exosomes purified by the optimized method
developed in partnership between INRA and Excilone
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CONCLUSIONS

 The optimized procedure first develop to isolate EVs from goat and cow’s milks was shown to be effective for the isolation of camel MEVs.
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 Camel MEVs thus isolated displayed all the features (size and morphology, as well as protein markers) characteristic of exosomes.

Extracellular vesicles were isolated using an optimized procedure based on sucrose gradient ultracentrifugation from 24 Kazakh camel milks (Camelus
bactrianus: n=8, C. dromedarius: n=10 and hybrids: n=6). Camel MEVs were then characterized using Transmission Electron Microscopy (TEM, A) with
negative staining. Size distribution (B) and particle concentration (C) of purified populations of MEVs were analyzed by TRPS (Izon) and Nanoparticles
Tracking Analysis (NTA). The presence of exosomal protein markers and absence of milk contaminants were demonstrated by Western blot (D).

Characterization of MEVs

X gene-GO term enrichment analysis of DAVID 
6.8 bioinformatics resource

A total of 1,010 unique proteins involved in different biological processes were thus 
identified, including most of the markers associated with small EVs (exosomes), such 
as CD9, CD63, CD81, HSP70, HSP90, TSG101 and ADAM10. 

 More than 1000 different proteins involved in the biogenesis of exosomes and MEVs secretion, their adhesion and internalization as well
as proteins associated with membrane transport, were identified using LC-MS/MS.
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