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The presence of p-cesein genetic variants has been demonstrated by 

ASCHAFFENEURG (1961). In order of decreasing mobility in urea starch-gel 

electrophoresis at pH 8.6, these variants have been termed p-casein A, B 

and C with the reletive mobilities of 0.80, 0.76 end 0.70. 

In the present paper the smino acid composition of these variants is 

reported. The anelyses were performed as independent and cooperative stu- 

dies at both Dairy Institutes. 

MATERIALS and METHODS 

Samples of /3-caseins A and B were obtained from the milk of indivi- 

dual Dutch and French Friesian cows and /3-casein C from one single indivi- 

dual Abondance cow* (SIMNENTAL type), all homorygous for these proteins. 

The chromatographic method described by GARNIER et al. (1964) for the pre- 

paration of homogeneous p-caeein was followed., The purity of the p-casein 

preparations was checked by starch-gel electrophoresis according to WAKE 

and BALDWIN (1961) and by inwnunoelectrophoresis according to GRABAR and 

WILLIAMS (1955) under the conditions described by GARNIER et al. (1962). 

Before analysis the lyophilized protein fractions were dried over P20S for 

at least 24 h. 

The amino acid composition was determined after hydrolysing the pro- 

teins samples in duplicate or triplicate for 24, 40 and 72 or 96 hours in 

6 N HCl (HClrprotein ratio I SOOr or 1OOO:l) in pyre% sealed evacuated 

tubes maintained at IlOOC. The analyses were carried out on several prepa- 

rations of each variant using two methods I MOORE et al. (1956) with e 

Phoenix amino acid analyzer (Jouy-en-Joses) and PIE2 and MORRIS (1960) 

* We would like to express our thanks to F. GROSCLAUOE end R. JEUNET for 
detecting and obtaining the milk of this variant. 
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with a Technicon amino acid analyzer (Eda). 

Tryptophan was determined separately by the method of SPIES and 

CHAMBERS (1949) as modified by HARRISON and HOFMANN (1961) or by spectro- 

photometry according to EENCZE and SCHMID (1957). 

Phosphorus determinations were made using the method of BAMANN at 

al. (1948). 

Peptida patterns for tryptic digests of the three variants were ob- 

tained by high voltage alactrophorasis (pH 1.9 Acetic-formic acids buffer) 

in the horizontal direction, and by descending chromatography (n-EuOH:200, 

AcOH:30, H20:75) in the other direction. Arginine containing paptidas ware 

detected by the SAKAGIJCHI test. The numbers of amino acid residues ware cal- 

culated on tha basis of a molecular weight of 24,100. 

RESULTS AND DISCUSSION 

The anino acid compositions of the genetic variants obtained by the 

two laboratories are presented in Table I. They are quite close to that 

given by GORDON at al. (1949) who probably analysad a mixture of p-caseins 

A and 6. The molecular weight was based on the average value calculated 

from the minimum molecular weight of Lys, His, Arg, Asp, Thr, Sar, Gly, 

Ala, Mat, Ilau, Tyr, Try and Pha. 

The results have bean corrected for a non paptidic part usually 

varying between 4 and 10 % after deduction of POSH. This can be explained 

by a contamination with salts or/and cellulose matsrial elutad from the ion ax- 

changer and not removed by dialysis. 

No cystine-cystaina was found in the hydrolysata from the three va- 

riants. 

The results obtained bb both Inatitutes are in good agreement within 

one amino acid residue for moat of the amino acids (sea Table I). Therefore 

we propose definite numbers of residues for each amino acid, The figures 

presented are based on a caraful and critical axemination of the cooparati- 

ve results. 

The observed spread of the results for Ser muat be related to the 

high rata of destruction of this amino acid during hydrolysis (10 to 20 96 

par 24 h). This rata is reduced at a higher HCl to protein ratio (i.e. 

100081). Although the extrapolated number of residues of Ser might have an 

error of + 1, non-concmitant variation with the genetic type was found 

by both laboratories. 
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The results differ between laboratories by one residue for Asp, Thr, 

Pro, Ala, Val, but as in the case of Ser, these differences cannot be rela- 

ted to a genetic variant (see Table I). Accordingly the number of residues 

nearest to the mean of the figures obtained has been proposed, except for 

Pro for which the concentration is too high to decide between 33 and 34. 

It is obvious that genetic variation involves an extra Arg in p-casein 

B and an extra Lys in p-casein C as compared with @casein A. The peptide 

mapping fully confirms this result and indicates, furthermore, that the re- 

placement of more than one amino acid in the single polypeptide chain of 

p-casein is very unlikely, contrary to data already reported by THOMPSON and 

GORDON (1964) and ORESONER and WAUGH (1964). 

Glu is the only amino acid of the p-caseins B and C which is present 

in a lower quantity than that in p-casein A (the results from a repeated 

analysis at Jouy of a hydrolysate of p-casein C made at Ede would also favour 

a similar low Glu content for B and C). With this in mind we propose the ten- 

tative amino acid replacement in the polypeptide chain shown in Table II. 

This replacement agrees with the content in amide groups of Teble I, although 

this last figure is known at + 3 residue8 and it explains the difference 

in electrophoretic mobility between the three variants. One Arg peptide of 

p-casein C has a different mobility from one Arg peptide of b-casein A and 

this indicates the presence of at least one Arg between the two amino acids 

replaced in the polypeptide chain. 

TABLE II 

2* p-casein Amino acid Genetic cods 

- 14 A --Glu--Arg---Glu NH2-- ..GAA::.CGA...CAA.. 

- 13 B -Glu--Arg-----Arg--- ..GAAf:.CGA...CGA.. 

- 12 C -Lys--Arg--Glu NH2-- ..AAAf:.CGA...CAA.. 

* Total approximative net charge per mole of p-casein at pH 13.6 
according to the results given in Table I. 

** The other pairs of triplets are GAG (Glu) --t AAG (Lys). 

No significant difference in the phosphorus content was found between 

the three variants (0.56 % 2 0.03) and the extinction coefficient (1 mg/ml, 

1 cm) for the veriants A, I3 and C at 276 mp (max. of absorption) is 

0.48 t 0.02. 

From the amino acid replacement proposed the b-caseins R and C are 
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probably two mutants of p-ceeein A. According to ECK (1963 ) and TRUPIN et 

al. (1965) these mutations would cmaiet in a single baee substitution of 

the coding triplets of the B-casain A messenger RNA, i.e. one adenine is 

replaced by one guanine for B-casein B and one guanine by one adenine for 

p-casein C (see Table II). 

B-caseins, apart from tha lack in cyetine-cystsine, era ramerkable 

for the high content in Glu, Pro and large non-polar amino ecids ( l Val, 

Leu, Ileu, Pro, Phe, Try = 95 residues for a total of 209). These elementa 

would deserve consideration in a study of the conformation of this unusual 

protein. 
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