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Milk contains bioactive and health-promoting compounds affecting physiological
functions or reducing disease risk. Several properties assigned to camel milk, which is
traditionally used as therapeutic adjuvant in some infectious or metabolic diseases,
seem to be related to the protein fraction. Indeed, substantiated or potential bioactive
protein components have been found, encrypted in milk protein sequences.
In a previous study on 180 camel milks from Kazakhstan (Ryskaliyeva et al., 2018), we
reported the occurrence of two unknown proteins (UP1 and UP2) with different levels
of phosphorylation (Figure 1), suggesting that they could be casein isoforms.
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Figure 1. Observed masses (Mr = 22,939 - 23,179 Da and Mr = 23,046 - 23,286
Da as 8 to 11P for UP1 and UP2, respectively) were recorded after deconvolution
of multicharged mass spectra of peaks VI, VII, X and XI of LC-ESI-MS of camel milks.

Figure 5. Nucleotide sequence view (from 417151 to 413731)
of C. dromedarius taken from the unplaced genomic scaffold of
CSN1S2 (LOC105090951). Already known exons 12′, 14, 15 and
16 are given in black, and additional exon 13 and extension of
30 additional nucleotides of exon 16 are in red. Exon
subdivisions are boxed with amino acid sequences beneath.
Intron donor and acceptor splice sites are underlined.

Milk proteins represent a reservoir of biologically active peptides capable of modulating different functions. Therefore, beside genetic polymorphisms, the
molecular diversity generated by differential splicing mechanisms can increase its content. Several peptides, putatively released from the C-terminal part
of camel αs2-CN isoforms after in silico digestion by proteases from the digestive tract, were predicted to display anti-bacterial and antihypertensive
activities and might be involved in some of the healthy properties of camel milk
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Figure 2. Sequence of aS2-CN cDNA
spanning exon 14 and exon 15 (main 
sequence). A secondary sequence (*) 
determined by manual reading of the 
weak overlapping signals (given below
the main sequence) revealed the 
existence of transcripts in which exon 
13 is included (UP1), giving rise to a 

first splicing variant (sv1) of aS2-CN.

Figure 4. Multiple alignment of αs2-CN protein
sequences from different Artiodactyls species. Bos 
taurus, C. dromedarius (including splicing variants
identified in the present study), Lama glama, and Sus
scrofa protein sequences are compared. 
Exon numbering is that of the bovine gene taken as 
reference for Artiodactyls. Amino-acid sequences 
characterizing UP1 (αs2-CNsv1) and UP2 (αs2-CNsv2) 
encoded by exon 13 and the extension of exon 16, 
respectively, are given in blue. The highest sequence 
antimicrobial peptide density is indicated by red (C-ter) 
on a heat map above the bovine protein sequence.
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Figure 3a. Identification and characterization 
of UP1 and UP2 as splicing variants of aS2-CN 
by LC-MS/MS. Blue arrows indicate a cleavage 
point of Camel aS2-CN by trysin. 
Tryptic peptides showing the presence of exon 
13 and extension of exon 16 are in red. Camel 
aS2-CN peptide sequences encoded by exon 
13 and the extension of exon 16 matching with 
Bubalus bubalis and Sus scrofa are framed. Figure 3b. Validation of the additional peptide sequence 

(AYQIIPNLR) with five and three ions from the “y” (including 
y7 double charged: y + + 7) and “b” series, respectively.
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