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Summary. Several long tryptic peptides obtained from reduced maleylated x-casein were 
sequenced: they belonged to the K- and C-terminal (37 residues) moieties of para-x-casein. 
Several tryptic peptides could then be joined by chyinotryptic overlap peptidcs. 102 amino acid 
residues of para-x-casein were thus placed into two long and four shorter sequences. Some struc- 
tural results were established with a Scquencer which was also employed for a verification of the 
N-terminal sequence of the x-caseinoglycopeptide; a previously described short glycopeptide was 
found again and \\Ta!j reinvestigated. 

1. Introduction. - x-casein plays a major role in the stabilization of the casein 
micelle in its natural environment and in the clotting phenomenon induced by the 
action of rennin (EC 3.4.4.3) ; i t  is also the only casein fraction that contains sugars [l]. 
During the clotting of milk by rennin, the only significant alteration occurs in 
x-casein yielding a) an insoluble para-x-casein which complexes with rxs-casein and 
forms the strands, of the clot [a] ; it contains all the aromatic, sulfur-containing and 
basic amino acids (except 3 lysine residues) of x-casein [3] ; b) a soluble fraction con- 
taining the ‘caseinoglycopeptide’ [4] when the starting product is a sugar-rich x-casein 
or the ‘caseinopeptide’ or ‘macropeptide’ when the starting product is a sugar free 
x-casein [5] [6]. The primary action of rennin on casein is constituted by the split of a 
Phe +Met linkage, as shown by Jollks et ul. 161 [7] and the release of the (g1yco)peptide 
from x-casein, thus destroying the micelle-stabilizing properties of this latter. Previously 
(1965-1970) some structural features of cow x-casein have been published by our 
group : a) the structure of the soluble tryptic peptides of para-x-casein which constitutes 
the N-terminal part of x-casein [S] ; b) the structure of the tryptic peptide containing 
the rennin-sensitive Phe -+ Met linkage [9] which is constituted by the C-terminal 
sequence of para-x-casein and the N-terminal sequence of the x-caseinoglycopeptide ; 
c) the N-terminal octadecapeptide [8] [lo] and the C-terminal tetrapeptide (Ser-Thr- 
Ala-Val) of the x-caseinoglycopeptide [I I] ; d) a heptapeptide of the x-caseinoglyco- 
peptide containing a sugar moiety (0-glycosidic linkage between a residue of Thr and 
GalNAc) [la]. 

x-casein contains 2 Met residues [5] ; Joll2s et ul. [lj 1-91 113; localized one of these 
residues in the C-terminal sequence of para-x-casein and the other as the N-terminal 
residue of the x-caseinoglycopeptide. After cleavage of x-casein with cyanogen bromide, 
its C-terminal moiety, namely the x-caseinoglycopeptide devoid of its N-terminal Met 

1) 27th communic;3tion on caseins. 
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residue, was recently purified by Mercier et al. -141, who established its primary 
structure. They confirmed our previous results concerning the sequences of the N-ter- 
minal octadecapeptide [8] [lo] and of the C-terminal tetrapeptide [4] [ l l ]  ; the C-ter- 
minal sequence of PGjolle e t  al. [15] could not be verified. 

In order to establish the complete primary structure of x-casein, a detailed study 
of its N-terminal part, para-x-casein, was undertaken. Trypsin gave rise to an important 
tryptic 'core' which could not be entirely purified; thus x-casein was maleylated 
prior to enzymic digestion. The present paper deals with the establishment of the 
structure of some long maleylated tryptic peptides belonging to the N- and C-ter- 
mind moieties of para-x-casein as well as with some structural data concerning x-casein 
and obtained with a Sequencer. 

2. Material and Methods. 2.1. Cow x-cascin was preparcd according to McKenzie & Wake 
!I61 from pooled milk and x~ casein by the same procedure from the milk of homozygous cows. 
Trypsin (EC 3.4.4.4), chymotrypsin (EC 3.4.4.5) and carboxypcptidases A and B (EC 3.4.2.1/2), 
wcre purchased from Worthzngton; aminopeptidase 0 (EC 3.4.1.-) was a gift from Rohm & Haas 
(Darmstadt). Sephadex G-25 and G-50 fine as well as DEAE-cellulose (DE 32) were obtaincd from 
Phavmacia and Whatman,  respectively. All other reagents u-cre obtained from Merck or Prolabo. 
cxcept malcic anhydride (Szgma) and those einploycd for the Sequencer which were purchased 
from Beckman. 

2.2. The reduction and aminoethylation as well as the reduction and alkvlation of cow XA-  

casein was achieved according to  ,JollBs et al. [8]  [17] and the maleylation according to Butler et al. 
WI. 

2.3. Trypt ic  hydvolysis and separation oj-the soluble maleylated t ryp ic  peptides (TM). 950 mg of 
reduced alkylated and maleylated x-casein were digested during 2 h with 10 mg trypsin at 37" in 
50 in1 of a 0 . 1 ~  Tris-HC1 buffer, pH 8.5. Trypsin was pretreated during 16 h with 0 . 0 6 2 5 ~  HCl at  
37'. The soluble tryptic peptides were chromatographed on a 24 x 4 cm DEAE-cellulose (DE 32) 
column equilibrated with the above mentioned Tris-HC1 buffer. Gradient elution was achieved as 
indicated on Fig. 2. The peptides were characterized by a ninhydrin determination after alkaline 
hydrolysis. Thc purified peptides were filtered on a Sephadex G-25 column (25x4 cm) with 
0 . 0 1 ~  NH,OH as eluent. The peaks were dried, dernaleylated (30 yo acetic acid, 24 h, 40") and dried 
again. 

Sevcral peptides were pure, some others have been submitted to  further purifications either 
by filtration on Scphadex G-50 (200 x 1.7 cm; 30 yo acetic acid as eluent) either by paper chromato- 
graphy (Whatman No. 3) in solvent A :  n-butanol/pyridinc/acetic acid/water (15:10:3 :12 u/vj .  
The purity of the peptides was also examined by paper electrophoresis (Whatman No. 3) at  pH 6.5 
(pyridinelwaterlacetic acid 100:900 : 4  v/v) and at  15 V/cm. 

2.4. Chymotvyptic hydrolysis and separation of the eizzymic dzgest. 185 mg of reduced amino- 
ethylated xa-casein were digested during 24 h with 3 mg chymotrypsin at  37" and pH 8 in 0 . 1 ~  
NH,HCO, and dried. The chymotryptic pcptides dissolved in 50 yo formic acid werc filtered on a 
Sephadex G-25 column (200 x 1.8 cm) with 30 % acetic acid as eluent. Eight fractions wcre collected 
and submittcd to a preparative paper elcctrophoresis (Whatman No. 1) at  pH 6.5 and at  50 V/cm. 

2.5. Determination of the structure of the peptides by classical methods. The structures wcrc 
established in dctail following the usual methods chiefly the Edman procedure, dansyl method, 
enzymic digestions. The different procedures havc recently been described [19] [20]. A special 
problem is constituted by the peptides with a N-terminal glutamine residue. After thcir purifica- 
tion or desalting in an acidic medium (filtration on Sephadex with 30% acetic acid as eluent), a 
cyclisation occurred with the formation of pyrrolidonecarboxylic acid ; these peptides could be sub- 
mitted to the 'Edman-dansyl' procedure only aiter a pretreatment ( 1 ~  NaOH; 72 h ; 20") : aiter 
neutralization, the degradation must bc started as soon as possible. 

2.6. Determination of the structure of peptides with a Sequencer. Automated Edman degradation 
[21] was carried out in a Beckman Sequencer, Model 890B, by the quadrol method. The thiazo- 
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Fig. 1. Filtvatzon on SephadexG-50 (150x 
1.8 cm) of the cove obtained aftev tvyptic 
digestion (6h;  37") of 500mgreduced amino- 
ethylated xA-casein and dissolved in 2 ml - 5 m l  Cractions -+ 50 %formic  acid. Eluent: 30 % acetic acid 

50 100 

Table I. Rf values (in solvent A ) ,  mobility m (at pH 6.5), yield, composition avid 

Peptide Rf (A)  m a )  Yield Composition 
(PH6.5) (%I 

TM, 

TM, 

TM,X 

TM,B 

TM, 
TM, 
TM,A 

TM,B 

TM,A 

0.55 +0.50 

0.50 -t0.05 

0.35 +0.60 

0.50 -1-0.05 

0.15 -0.46 
0.50 +0.05 

0.06 -0.43 

0.65 +0.21 

25 

7 

20 

9 

2 5 

5 
36 

50 

10 

Ser(0.9) Val(0.9) Leu(l.0) Arg(0.98) 

SCMCys(0.78) Asp(l.O) Thr(2.8) Ser(2.7) Glu(4.95) Pro(2.75) Ala(3.4) 
Val(1.95) Met(0.54) Ile(0.7) Leu(1.45) Lys(0.7) Arg(l.O) Trp (Ehvlich+ j 

Pro(l.08) Ala(2.7) Val(l.O) Tyr(0.84) Lys(0.93) Arg(0.8) 

idcntical with TM, 

-isp(1.08) Glu(5.87) Pro(0.95) Ile(l.0) Arg(0.85) 
identical with TM, 
mainly the caseinoglycopeptidc 

SCMCys(0.9) Asp(1 .O) Glu(l.7) Lys(O.6) hrg(0.85) 

Asp(1.06) Ser(0.95) Glu(l.0) Pro(0.98) Ala(l.O) 
Ile(2.4) Tyr(1.65) Phe(l.55) Lps(l.95) 

a) 

b) 

m = 0 for Gly; m = + 1 for Arg. 
JoZZBsetal., Helv. 53, 1918 (1970). 
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h o n e s  were converted into PTH-amino acids and these latter were characterized by thin-layer 
chromatography, by gas-liquid chromatography ( B e c k m a n  GC 45 chromatograph) or with an  
amino acid Autoanalpzer after regeneration of the free amino acid. 

3. Results and discussion. - 3.1. Try$& digestion of reduced aminoe~hylated 
xA-casein: the tryptic ‘core’. By its action on xa-casein, trypsin gave rise to soluble 
peptides which have already been studied [8] and to an important tryptic ‘core’. This 
latter was dissolved in 50% formic acid and filtered on Sephadex G-50 (Fig. 1). Five 
peaks (I-V) were characterized; only one peptide could be entirely purified after 
rechromatography; it was contained in peak IV and its structure was studied in detail 
(see Table 11). 

3.2. Trypt ic  digestion of reduced alkylated and maleylated xa-casein. In view to 
increase the solubility of the tryptic peptides, and also to  lengthen those of them 
containing a C-terminal lysine residue, we decided to  submit the reduced maleylated 
xa-casein to the digestion of trypsin. Eight peaks (TM1-TM8) were characterized by 
chromatography on DEAE-cellulose (Fig. 2). In Table I are indicated the Rf and 
mobility m values, the yields as well as the structures of some of the maleylated tryptic 
peptides. The establishment of the structure of the long peptide TM 2 is summarized in 
Table I1 : it contains the ‘core’ peptide IV which could be lengthened by two ‘soluble’ 
-81 tryptic peptides. The C-terminal sequence of peptide TM7A (Table I) was identical 
to ‘soluble’ tryptic peptide 14 r8] ; digestions with carboxypeptidase A as a function of 
time established Gln-Tyr as C-terminal amino acids instead of Tyr-Gln; this result was 
also verified with the Sequencer. 

chemical structure of tryptic pept ides  obtained from maleylated COW nA-casei,n 

Structure 

Val-Leu-Ser-Arg 

see Tablc T I  

(identical with peptide (1 + 2+ 3) F b ) )  - 
/ 

\ c4c > 
Tyr-Ala-Lys-Pro-.4la-Ala-Val-hrg 

\- \- r;- - ,7-7 
25 %35 %SOYo 

+(1+2+3)Db)-> 

Gln-Gln-Gln- Asn-Glu-Glu-Glu-Pro-Ile-Arg (identical with peptide 13 b)) - I /  / 

SCMCys-C;lu-Lys-Asp-Glu-Arg (identical with peptide 9 A b ) )  
, .- 

Phc-Phe-Ser-.\sp-Lys - lle - Ala - Lys- Tyr-Ile-Pro-Ile-GIn-Tyr 
/ \- 1- 
- 

70 % 100 % 
\ , <- 10 b)--><( 1 2 + 3) E b)* 14b) 

T Amino acid characterized by carboxypeptidases A and I3 
7 Amino acid characterized by dansylation 
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3.3. Chyymotry$tic digestion of reduced amhoethyluted tta-casei?z. The chymotryptic 
digest was filtered on Sepliadex G-25 and 8 fractions were characterized (Fig. 3). 
12 peptides could be purified; their Rf and mobility m values, their yields and their 
structures are indicated in Table IV. Several chymotryptic peptides containing basic 
amino acid residues allowed to join some of the tryptic peptides. 

The C-terminal sequence of para-%*-casein, contained in peptide C 2  b, was again 
studied in detail; a third liistidine residue was characterized as previously noted by 
Mercier et al. [14] (2.4 residues of histidine on the basis of 1 residue of leucine after 18 h 
hydrolysis). After tryptic digestion of C2b, a peptide with the following amino acid 
composition was isolated : Ser,, Pro,, Leu,, Phe,, His,. I ts  N-terminal sequence, 
His-Pro, was determined by the Ednzan procedure. The characterization of a third 
residue as PTH-amino acid by thin layer and gas liquid chromatographies seemed to be 

Table II. Establashment of the 

Method 
Composition 
Isolated substances 

SCMCys,, 4sp,, Thr,, Ser,, Glu,, Pro,, A\la,, Val,, Met,, Ile, 

Dansylation Ser 

Carboxypeptidase B (24 11) + 4 (1 h) 

- 

Ser-Pro-Ala-C~ln-lle-Lcu-C;ln-Trp-Gln-Val-Leu 
, / / / / / / /  \r\- 'Partial' chymotrvptic digestionJ L - - - - - - __ 

(E/S = l j l000;  l.>>i; 30") 

Chymotryptic digestion 
(E/S : 1/20; 2411; 37") 

Tryptic digestion 
(E/S = 1/20; 4Hh; 37") 

Structure 

Ser-(Asii, Thr,Val, Pro, A h - L y s  
(m = +0.30) 

Thr-Val-Pro-Ala - Lys -___ 
/ / I  I 2 4 h ;  37' 

Szr-Pro- Ala-Gln-Ile- I,cu-( ;ln-Trp-~~ln-Val-I,eu-Scr - ;\sn-Thr -Val-Pro - A h  - Lys 

Core pcpticle I\' 
(1?2 == +0.18) I -. / 

Scr-Pro-Xla-Gln-Ile-Leu-~ln-Trp-(;ln-Val-Leu- Ser - .\sn-Thr -Val-Pro -hla - Lys- 

a) 

/ i t  = 0 for Gly;  m - + 1 for Arg. 
/oZlPs et al., Hclv. 53, 1918 (1970) 
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in favour of proline. The C-terminal sequence was established by digestion with 
carboxypeptidase A as a function of time; after 2, 10 and 30 minutes a t  37", we 
characterized Ser-Phe [9], Leu-Ser-Phe [9], and His-Leu-Ser-Phe (Table 111), respec- 
tively. This latter result seemed to rule out the presence of a proline residue preceding 
this histidine residue, as carboxypeptidase A usually does not digest a Pro-X linkage. 
We propose thus the following sequence : His-Pro-( Pro, His)-His-Leu-Ser-Phe. The 
third and fourth residue were maintained between parentheses, as this result was not 
entirely in accordance with the data of Mercier et al. [14]. 

3.4. Present knowledge of cow para-xa-casei.rz. Table I11 summarizes our present 
knowledge concerning the sequence of cow para-%*-casein : the structure of two long 
peptides, one of them being the C-terminal sequence, as well as of four shorter peptides 
are indicated, with a total of 102 amino acid residues. As %*-casein and the caseino- 

structwe of peptide TM,  

Thr-Met- Ala-Arg 

60%75%50%90% 
\ - T - - r r  

Ser- SCMCys-Gln-.41a-Gln-Pro-Thr-Thr-Met-Ala-Arg 
\ 

<-6a)-+< ( 1 + 2 + 3 )  Aa) / 

Scr- Cys- Gln-Ala-Gln-Pro-Thr-Thr-Met-Ala-Arg 

amino acid characterized by the Ednzan-dansylation procedure 
- amino acid characterized by digestion with carboxypeptidases A and B 
.-------7 amino acid characterized by dansylation after pretreatment with 1~ NaOH 
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glycopeptide contain 165 rf 5 [5] and 64 !14] amino acids, respectively, Table I11 might 
report nearly all the sequences of para-x-casein ; however some tryptic overlap peptides 
have not yet been characterized. 

3.5. Prelinzinavy results established with a Sequencer. - 3.5.1. xA-casein and para-xA- 
casein. Table I11 I-eports two sequences previously established by classical methods 
which have been verified with the help of a Sequencer. Furthermore various techniques 
( E d m a n  or dansyl procedures) did not allow t o  characterize a N-terminal amino acid 
for %*-casein; thus the presence of a blocked N-terminal amino acid or of pyrrolidone- 
carboxylic acid was suspected. After an alkaline pretreatment of xA-casein (see 
Methods), Glu was detected by Sanger's DNP technique with, however, several other 
amino acids, such as serine and threonine; a split of the polypeptide chain could not 
be excluded. An automatic degradation of xA-casein was also tried with a Sequencer. 
The reduced alkylated protein without or with a pretreatment (Quadrol buffer; 20 "C ; 
3 days) did not give rise to a N-terminal residue. 

3.5.2. xA-CaseinOgLycOpeptie: N-terminal sequence and study of the shortglycopeptide. 
Table V summarizes the N-terminal sequence (38 amino acid residues) established 
with a Sequencer. The first 18 amino acids were identical with those reported earlier 
by our group [S] !I.OJ and the following 20 residues were in accordance with the results 

Table 111. Chemical featwes of 

1. . . . (;ln-Gln-Gln-Asn-G1u-Glu-Glu-Pro-Ilc-Arg-Cys-Glu-Lys-Asp-~~lu-Arg-Phe-~he-Scr-Asp-Lys-llc-.4la-Lys- 

C 4 b  - 

/ \ /  
\ 

\ /  

/ \ / , / \ 

TM6B ~ / 1- /-. 'TM4 ___ 

777-7 - C 2 a  
\ 

.. .. ....... 
2. . . . Ilc-;2sn-Asn-Gln-Y21c. . . 

, , C6c --> 
3 .  . . , Gln-Gln-Lys-Pro-Val-Ala-Leu . . . 

\ C 4 a  / / \ 

4.  . . . Tyr-Ala-[~ys-Pro-Ala-Ala-Val-Arg 
/ TM3A \ 

C 4 c  / 

, I 
\ / \ 

5. . , , Val-Leu-Ser-Arg--Tyr-Pro-Ser-Tyr-Gly-Leu-Asn-Tyr-Tyr . . . 
/-TM \ 1 2 ;  

L - C 6 b L i  / - C 7 b 4  
\ , - - 7 - 7 ~  rL- - 

/ /  \ 
- 

L ~- 
M M // M // M M // // // 

C-tevmnznal sequence : 

0. . . . Ser-Pro-illa-Gln-Ile-Leu-C;ln-Trp-Gln-Val-Leu-Scr-Asn-Thr-Val-Pro-Ala-Lys-Ser-Cys - Gln- Ala- Gln -Pro- 
/ 
\ T M  2 

\ C7a--> 
- 

/ 

- 
/ -. - 

Amino acid characterized by the Edman-dansylation procedure 

.4mino acid characterized with a Sequenccr 
.....-7 Amino acid characterized by dansylation after prctrcatmcnt with 1~ NaOH 
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published by Mercier et al. 1141. The characterization of the serine and threonine 
residues was quite difficult after residue No. 21. 

The x-caseinoglycopeptide contains an 0-glycosidic linkage between GalNAc and 
a residue of threonine [22]. The carbohydrate sequence has been studied by Fia t  et al. 
[12] who isolated a short glycopeptide from xa-casein; a sequence was also proposed for 
its peptidic part. The results presented in this paper as well as those of Mercier et al. 
[14] incited us to reinvestigate the amino acid sequence of this short glycopeptide, as 
a careful examination of all the publisheddataseemedtoinvolve the threonineresidue(s) 
No. 26 or (and) No. 28 of the x-caseinoglycopeptide in the 0-glycosidic linkage. 

The short glycopeptide prepared according to F i a t  et al. [ l Z ]  (m = - 0.45 at  pH 6.5) 
was submitted to the manual Edman technique and the PTH-amino acids were 
characterized by gas-liquid chromatography. By this sensitive technique it was 
established that the main glycopeptide was accompanied by another, less abundant 
peptide. The N-terminal sequence of the main peptide was Gly-Glu-Pro-Thr ; these 
amino acids were at each step at least ten times more abundant than the accompany- 
ing substances. As the x-caseinoglycopeptide contains only one glycine residue, the 
structure of the main glycopeptide could be thus deduced from the amino acid 
composition which was again established after three hydrolysis times (Thr3,,,, Ser,,,, 

cow para-xA-casein 

Tyr - Ile - Pro - Ile - Gln- Tyr- Val - Leu 
\ TM7A- , 

C6a / 
\ -\L 

77777%-7 
,\ 

Rennin 
\I/ 

Thr-Thr-Met-Ala-Arg-His-Pro-(Pro, His)-His-Leu- Ser-Phe . OH 

~ 

Amino acid characterized after digestion with carboxypeptidases A and B 
-+ Amino acid characterized after digestion with aminopeptidase 0 
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Glu,,,,, Pro,,,,, G1yO,,O) as well as from previous studies [12] : Gly-Glu-Pro-Thr-Ser- 
Thr-Pro-Thr (residues 23 to 30, Table V). The attachment site of the polysaccharide 
could not be the C:-terminal threonine residue, as a P-elimination process was observed 
1~231. Thus tlireonine residue No. 26 or No. 28 might be linked to the sugar part. How- 
ever if Thr-X-X-Pro (and not Thr-X-Pro) [la] might be suggested as 'code sequence' 
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Fig. 2. Chrornatogvuphv on 1)EAE-cellulose (24 x 4 cm) ofthe tvyptic digest (2 h ; 37" )  of W O  nzg reduced, 
alkylated and  maleylated ItA-cuseiq1. 

.4: 0 . 1 ~  Tris-HC1 buffer pfl 8.5; R :  Gradient elution; addition of 0 . 8 ~  NaCl in a mixing chamber 
of 2 1 capacity containing buffer C:  0 . 2 5 N  NaOH 

100 200 

Fig. 3. Filtratiuit, ow Sephadex G-25 (200 x 1.8 cm) of the chyrnotv.y$tic digest (24 h; 37") of 150 nag 
reduced arninoethylated xA-casein.  Eluent : 30 04 acetic acid 
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for an 0-glycosidic linkage between Thr and N-acetylgalactosamine and if the presence 
of a proline residue on the N-terminal side of the threonine residue involved in the 
attachment site of the polysaccharide might also be important, then threonine No. 26 
seems to be the most probable residue involved in the sugar linkage. 

The most probable structure of the less abundant peptide includes residues 
No. 22 to No. 29 (Table V). 

3.6. C o d u s i o n .  Table VI gives a schematic representation of the structure of 
%*-casein. In  the proximity of the important rennin-sensitive linkage are situated all 
the histidine and methionine residues of the protein, several proline residues as well as 
the three threonine residues of para-%*-casein. 
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