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ABSTRACT: A new genetic variant of ovine αS2-casein 
(named αs2-CN*H) was identified at the protein level and 
further characterized at the genome level. The molecular 
mass of the 12-phosphate αs2-CN*H isoform was measured 
as 25,586.984 Da by electrospray ionization mass 
spectrometry (ESI-MS). Compared with variant A, two 
nucleotide substitutions were found in exon 11 (A65G) and 
exon 15 (G64A) leading to the amino acid substitutions: 
I105V and R161H, respectively. The comparative analysis 
of nucleotide sequences for alleles present in the Lacaune 
dairy breed suggests an evolutionary relatedness between 
CSN1S2*D and H allele. Hence, a possible phylogeny 
relationship is proposed for CSN1S2 alleles in sheep. 
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Introduction 
 

              Extensive studies on genetic polymorphism of milk 
proteins have demonstrated qualitative and quantitative 
variability among milk proteins in ruminants. The most 
recent review on well-characterized qualitative and 
quantitative protein polymorphism and a new nomenclature 
were proposed by Martin et al. (2013). The interest of 
investigating genetic variability of milk protein composition 
for animal breeding lies in its impact on milk processing 
properties and its association with milk production traits. 
Genetic variants and casein (CN) haplotypes have a major 
influence on the milk protein composition and explain a 
part of the genetic variation for this trait (Caroli et al. 
(2009); Heck et al. (2009)). Qualitative variability as 
genetic variants impacts on milk processing properties, 
especially on cheese-making properties (Ng-Kwai-Hang, 
2006). This is an issue particularly in dairy goat and sheep 
production since small ruminants’ milk is mainly used for 
producing cheese (Moioli et al. (2007)).  
 
               αs2-CN, encoded by CSN1S2, exhibits a great 
heterogeneity in sheep since 8 different alleles and 
alternative splicing events which leads to deleted forms of 
proteins have been described so far. Giambra and Erhardt 
(2011) reported on molecular characterization for several 
alleles, and proposed a nomenclature and a possible 
phylogenetic pathway for ovine αs2-CN variants.  
            
            Here, we report a new αs2-CN genetic variant, 
named αs2-CN*H, characterized at both protein and 
genomic levels. The comparison among all the described 
CSN1S2 alleles demonstrates that the evolutionary pathway 
of CSN1S2 alleles in sheep is not yet completely resolved.  

Materials and Methods 
 
Materials. Fresh milk samples were collected 

from ewes of Lacaune breed with addition of Bronopol, 
skimmed by centrifugation (4,000g, at room temperature, 
15 min), and stored at -20℃ until analysis. 

All chemicals used in RP-HPLC analysis were of 
the highest purity commercially available and were used 
without further purification. Trifluoracetic acid (TFA), 
ammonium bicarbonate, urea, bis-tris, dithiothreitol (DTT), 
acetonitrile (ACN) were purchased from Sigma (Sigma-
Aldrich, St. Louis, MO, USA). Ultra pure water (Milli-Q 
Plus System, > 18.3 MΩcm) was produced in the 
laboratory. 

 
LC-MS. Skimmed milk samples (20 µL) were first 

clarified by adding 480 µL of 0.1 M Bis-Tris buffer pH 8.0, 
containing 8 M urea, 1.3% trisodium citrate and 0.3% DTT 
(Visser et al., 1991). Then, 20µL of milk clarified solution 
were injected onto Discovery® BIO Wide Pore (Supelco) 
C5 column (150 x 2.10 mm, 300Å. RP-HPLC was carried 
out on an Ultimate 3000 system (Dionex), whereas the 
column was maintained at 36°C. The mobile phase of the 
column consisted of a gradient mixture of solvent A 
(0.025% TFA in ultra pure water, v/v) and solvent B 
(0.02% TFA in ACN, v/v) at a flow rate of 0.2 mL/min. 

The elution conditions were as follows: linear 
gradient from 28 to 32% B in 8 min, from 32 to 35.5% B in 
0.1 min, from 35.5 to 36.5% B in 12.9 min, from 36.5 to 
40% B in 11 min, from 40 to 90% B in 0.1 min, followed 
by an isocratic elution at 90% B during 5 min, and return 
linearly to 28% B in 0.1 min. 

Protein elutes were detected by UV-absorbance at 
214 nm. The column was directly inter-faced with a 
micrOTOF™ II focus ESI-TOF mass spectrometer (Bruker 
Daltonics), and liquid effluents were introduced to mass 
spectrometer equipped with an electro-spray ionization 
(ESI) source via a silica capillary. Positive ion mode was 
used and mass scans were acquired over an m/z range of 
50-3000. End plate offset voltage was set at -500 V, and 
capillary voltage to 4,500 V. Nebulizer gas (N2) pressure 
was maintained at 17.4 psi and drying gas (N2) flow was set 
at 8.0 L/min with  the temperature of 200°C.  

 
             LC-MS/MS. De novo sequencing by liquid 
chromatography coupled with tandem Mass Spectrometry 
was as described by Saadaoui et al. (2014)    

             PCR amplification and sequencing. All exons 
were amplified by PCR and sequenced on both strands. 



Primers for PCR and sequencing were designed on bovine 
and ovine CSN1S2 genomic DNA sequences (GenBank 
Acc. No. M94327.1 and NC_019463.1, respectively) within 
highly conserved regions. Each PCR 50 µL reaction mix 
contained 100 ng genomic DNA, 10 µL of 5X Phusion HF 
buffer, 0.5 µL (0.02 U/µL) Phusion DNA Polymerase 
(Thermo Scientific, US), 2.5 µL of forward and reverse 
primer with concentration of 10 µM, 1 µL of 10 mM 
dNTPs mixture. PCR  amplification  program consisted  of  
the initial denaturation step at 98°C for 30s followed by 30 
cycles of 98°C for 10s, 60°C for 1 min, and 72°C for 30s 
with a final extension step at 72°C for 10 min. 

             All PCR products were analyzed using 2100 
Bioanalyzer with the DNA 7500 Lab-on-Chip (Agilent 
Technologies, Palo Alto, CA), purified with QIA quick 
PCR Purification Kit (QIAGEN, France), and then sent to 
sequencing (MWG, Germany). Sequencing results were 
analyzed using ChromasPro software (ChromasPro 1.7.4, 
Technelysium Pty Ltd, Tewantin QLD, Australia). 
 

Results and Discussion 
 

             Characterization of the new αs2-CN*H genetic 
variant at the protein level. The deconvolution of the 
multicharged-ions spectrum of compound corresponding to 
the chromatographic peak at retention time 11 min 
indicated the co-elution of deleted and phosphorylation 
isoforms of the new genetic variant of αS2-CN (Figure 1). 
Comparing to experimentally determined Mr values in our 
laboratory database, the observed mass (25,586.984 Da) 
does not correspond to any known genetic variant of αS2-
CN and differs in approximately 33 Da from variant A with 
12P (Mr = 25,620.486 Da), and 67 Da from variant D with 
12P (Mr = 25,654.34 Da). Taking into account the presence 
of phosphorylation isoforms, the mass of 25,586.984 Da 
can be recognized as the isoform corresponding to the αS2-
CN with 12 phosphate residues.  
 
 
 
             The LC-MS/MS spectra further demonstrated two 
amino acid substitutions; I105V and R161H, in variant H 
compared to the protein sequence of variant A (Figure 2). 

            Characterization of the new allele CSN1S2*H at 
the genomic level. Sequencing of CSN1S2 exon 9 to 12 of 
an individual heterozygous A/H at this locus demonstrates a 
SNP polymorphism in exon 11. A transition AG leads to 
the substitution of I105V compared to variant A. Another 
sequencing of an individual heterozygous D/H does not 
demonstrate this SNP polymorphism at the same position. 
Therefore, the peptide sequence translated from exon 11 of 
αS2-CN*H is the same as that of variant D. Furthermore, 
sequencing of a genomic region spanning exon 14 and 15 of 
the same two individuals revealed a SNP polymorphism in 
exon 15. A transition GA results in a substitution: R161H 
(Figure 3).  

              Phylogeny relationship among CSN1S2 alleles. 
Intron sequences flanking upstream and downstream each 

exon were determined over 50-200 nucleotides and the 
complete sequences of introns 5, 6, 8, 10, 11, 12, 15 were 
determined for all the alleles present in Lacaune breed. 
Here, we took the nomenclature proposed by Martin et al. 
(2013) as the reference. CSN1S2*E and F alleles which 
could be specific for the German sheep breeds were lacking 
in Lacaune breed (Giambra and Erhardt (2011)).  

                A comparative analysis on 48 polymorphic sites 
in the nucleotide sequences suggests that the 5 alleles 
observed in Lacaune breed can be divided into two groups. 
CSN1S2*A, B and G belong to the first one whereas the 
second one which is characterized by an insertion of 3 
nucleotides (GAG) in intron 12 (Figure 3) is composed of 
CSN1S2*D and H alleles. This underlines a possible close 
polygenetic relationship between these two alleles. 
However, the CSN1S2*D allele presents some singularities 
(insertions in intron 11 and 13) and given the amino acid 
substitutions arising from SNP in exon 10 and 15 it is 
appealing to assume that a variant, not yet characterized, 
could be an intermediate between variant D and H. 
Consistent with this assumption, Padilla et al. (2013) 
reported a possible new genetic variant of αS2-CN with 
amino acid Y75 and I105 in the protein sequence. 
Unfortunately, no further information is available for the 
rest of the protein sequence. This confirms the existence of 
further genetic variants and the complexity of CSN1S2 
evolutionary pathway.        

Conclusion 
 

The new genetic variant (αS2-CN*H) identified in 
Lacaune breed differs from variant A by two amino acid 
substitutions (I105V and R161H) due to two SNPs found in 
exon 11 (A65G) and exon 15 (G64A), respectively. 
 

Further investigations are needed to explore the 
impacts of new genetic variants on milk composition and 
technological properties or milk production traits. In 
addition, to further resolve the phylogenetic relationships 
among CSN1S2 alleles in sheep, more genomic data are 
required for different alleles occurring in different breeds. 
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Figure 2: De novo sequencing of αs2-CN*H by 
chromatography tandem mass spectrometry (LC-
MS/MS). Collision Induced Dissociation (CID) tandem 
mass spectra of two peptides (A and B) with amino acid 
mutations (in square) as compared with variant A. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: The schematic representation of ovine 
CSN1S2 gene, mutations in exonic regions which lead to 
amino acid substitutions (labeled in circles), and allele-
specific mutations in intronic regions. Each color 
corresponds to one allele. Exons are represented by 
large boxes labeled with numbers.  
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 1: Multicharged (B) and deconvoluted (C) 
spectra of the chromatographic peak (squared) at 
retention time 11 min of RP-HPLC profile (A) revealed 
a new observed mass corresponding to the new αs2-CN 
variant (Mr= 25,586.984 Da) with its deleted (S) forms 
and  phosphorylation (P) isoforms (shown in C). 
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