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TERMINAL AMING ACIDS OQF BUFFALO AND COW MILK CASEKING
By

M., I, Asp HEi-Savam, I. D. Rivaar, A. H. Famyi, anND
A M, Br Souxany

SUMMARY

Neand C-terminal groups of acid precipliated caseins of buffalo
and cow milk were guarntitatively detzrmined by paper chromato-
graphy using phenylation of casein and determination of the
phenviated ferminal amino acids and the hydrazine hyvdrolysis
method respactively.

Hesulls mdicated that the buifalo and cow cascing contained
the following respeciive averages of N-terminal residues expressed
in mole per 105 g of casein : 12.51 and 12.09 arginine, 2.06 and
L.59 lysine, 14.57 and 13.67 total N-lerminal amine acids, 85 and
76 totalfres amino groups and 24.45 and 22.35 of chain Iysine residue,

Also, hoth caseins contained the following C-terminal residues
expressed in mole/ 108 casein - 224 and 246 slutamic acid, 3.94
and 358 aspariic acid, 2.18 and 2.28 giycineg, 3.10 and 3.04 serine,
2.65 and Z.8% alanine respectively, Both caseins were found to
contain the sam> average of 14.15 moie residus of total Coterminal
vor 0% g of cassin,

anming @

INTRODUCTION

The terminal amino acids of proteins are partially responsible foi their
chemica! and physical properties in addition to their biologicai specificity.
The identification of these acids will probably provide a possible mean of
testing the hyptothesis of the peptide arrangement in the protein molecule
besides the differentiation between different proteins. These resulis  will
olfer a great help to many industrial aspects in which casein plavs a fun-
damental part. In addition, Bttle work had been done on these acids in Casein
particularly that of buffaloes.  Therefore, this study is concerned with the inves-
tigation of the nature and the guantitative determination of the M-and
C-terminal amineo  acids of buffalo milk casein and also of cows for
camparison.

* Dairy Research Unit. NNR.C.. Dept. of Dairving Faculty of Agri- culture, Cairo
University and Food Indusiries Foundation.
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EXPERIMENTAL AND METHODS OF ANALYSIS

Bulk milk samples of both animals were obtained from the Faculty of
Agriculture, Cairo University, and skimmed. Casein was precipitated at
pH 4.6 by 1 N HCI, and centrifuged. The residue was washed thoroughly
with distilled water, and dried with alcohol and cther.

Ldentification and quantilative determination of N-terminal aemino acids :

Following the method described by Mellon, Gonn and Hoover (1953),
the N-terminal amino acids were determined by the alkaline phenylation of
0.2 g casein using dinitroflorobenzene (DNFB)at pH8 to give the dinitrophenyl-
casein derivative (DNP-casein). The terminal DNP-amino acids in 0.1 g
of DNP-casein were liberated by acid hydrolysis, extracted by ether until no
more colour was found in the extract. The combined cther extracts were
made up to 100 ml, The aqueous layer, was dried under vacuum at 60°-C,
and then dissolved in acidified methyl ethyl ketone for paper electrophoresis.

The ether-soluble DNP-amino acids were identified by paper chromato-
graphy as described by Levy (1954). The chromatograms were developed
for 24 hrs using toluene : pyridine : 2-chloresthanol : ammonia (35:9:18:18)
as a solvent system, and di-DNP-lysine as the reference. Crystalline di-DNP-
lysine was prepared from L-lysine by phenylation as reported by Sanger
(1943). The quantitative determination of the ether soluble DINP-amino acids
was carried out spectrophotometrically according to Biserte et al (1958),
at 3530 mu wavelength, using Beckman spectrophotometer, Model DU. The
concentration was determined from a concentration curve of dinitrophenol
in ether. The amount of di-DNP lysine was corrected putting in considera-
tion that its recovery was 17%, (Mellon et al 1953).

The water-soluble DNP-amino acids were scparated by paper electro-
phoresis according to Tockhart and Abraham (1954). Whatman No. 1 filter
paper strips were used in borate buffer of pH 9.2 with ionic strength of 0.04
and 350 volt, and the electrophoresis run for 6-7 hrs. The quantitative
determination was carried out spectrophotometrically from the electrophero-
arams according to Biserte et al (1958), and Mellon et al (9531). The bands
wer extracted with 19} sodium bicarbonate and the light absorption was read
at 350 mu wavelength. The concentrations were calculated from a standard
curve of dinitrophenol in 1% sodium bicarhonate, ranging from 0.1 to 0.8
micro mole. €DNP-lysine and DNP-arginine were used as references and
corrected according to their recovery of 839, and 739, respectively.

The total DNP-amino groups of casein were determined spectrophoto=
metrically at 350 mu wavelength using 0.1 N Nao H as a solvent (Biserte et
al 1958). The concentration was determined from a standard solutions
ranging from 0.1 to 0.8 micro mole in 100 ml of the alkali soultuion.

e DNP-lysine and a-mono-DNP arginine crystals were preparcd from
L-lysine and arginine respectively by phenylation using DNIB as reported
by Sanger (194D).
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Ldentification and quantitative defermination of C-terminal amino acids.

Liberation of C-terminal amino acids were made according to Akabori
and Natita (1952) by the hydrazinelysis of 0.05 g casein for 10 hrsat 100°C in
a sealed tube.  Their aqueous solution was purified by benzaldehyde and were
adsorbed on cation exchange resin, Dowex 50. They were eluted with 2 N
HCI and water, dricd under vacuum, and dissolved in 109%, isopropanol.

The amino acids were chromatographed using methyl ethyl ketone :
pyridine: water system (7 : 1.5 : 1.5), according to KauniT et al (1959)s  'The
chromatograms were developed three times with the same solvent for 12 hrs
in each run. The chromatograms were sprayed with ninhydrin and copper
nitrate solution as described by Bode et al (1952). The coloured spots were
cut, cluted with 5 ml methanol and their optical densities were read at 515
mu wavcelength. The concentration of the amino acids were determined from
standard curves of the amino acids prepared and treated as the amino
acid mixture.

RESULTS AND DISCUSSION

Satisfactory results were obtained for the determination of N-terminal
amino acids of casein by labelling the free amino groups with dinitrofloro-
benzene (DNFB) 1o give the dinitrophenyl derivatives of casein ; DNP-casein.
On hydrelysis, DNP - amino acids were liberated. Paper electrophoresis.
was favoured (Biserte et al 1958, Lock hart et al (1954) for the determina-
tion of the water soluble DNP-amino acids, since it presented a rapid
and more accurate method. Low current potential of 350 V gave goad
results because both DNP-arginine and E-DNP lysine separated well after B
hrs in borate buffer, pH 9.2, as shown in Fig. 2.

euffajo O
Cow r O
di-DNP ® |

lysine

ang

Fra, 1.—Paper chromatographv  of ether soluble DNP- amino  acids.

buffalo and cow milk casein,
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Fig. (17 showed that the chromatogram ol ether soluble DNP-a amo
acicds of hatlalo and cow milk  caseins contained  residues which  were
indenical o di-DNP lysine,

g . ™

artifact—i 1.

&DNP- e— L
lysine W‘W et NP
arginine

Fra,. 2. ~Paper eleletrophoresis of water wolub'. DNP-amino acids

i hualalo and cow milk casein.
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Fig. 2 indicated that water soluble DNP-amino acids in both caseins
were indentical. There were two zones in the electropherogram. The
nearer to the starting line was identical to X-DNP lysine, while the furth er
was identical to the DNP-arginine, A third zone was found on the opposite
direction which was not in accordance with any other water slouble DNP-
amino-acids and accordingly considered an artifact. Therefore both caseins
contzained lysine and arginine residues in their N-terminal amino acids, which,
were in accordance with the results of Mellon ct al (1953), and Ise (7 958), on
the a- and B-caseins of cows. Lea and Hannan (1950), and Schwartz and Lea
(1932), however, reportcd the presence of slight amounts of aspartyl,
olutamyl, lysyl, phenylalanyl and valyl residues. The discrepancy could
be cxplained on the basis of the difference between the samples used. These
investigators used commercially prepared cascin which usually contains
small amounts of carbohydrate residues which would react with the protein
during the clevated temperature of the drying process. Accordingly, the
amount of free terminal amino acids would be reduced and gave lower values.

The presence of residues other than lysine aned arginine were due to traces
ol other proteins beside casein and to the partially splitted casein molecules
present in commercial casein.  In this study, casein was prepared from fresh
emilk and under laboratory controlled conditions to climinate any other
foreign residues.

The measure of the total absorption in alkaline solution of the unhy-
drolysed derivative was used in this study to determine the amount of free
amino groups. Buflalo milk casein was found to contain much higher {ree
amino groups than cows as shown in table 1, being 85 and 76 mole per 10°g
casein  respectively, Chain lysine 1n buffalo milk caseln, however, was
insignificantly higher ; average 94.43 mole, than cow milk casein ; average
22.35 mole per 10° g casein.

The N-terminal lysine of buffalo casein was found to be significantly more
¢han that of cows ; average 2.06 mole and 1.59 mole respectively. Values.
in local cows were in accordance to those of Mellon et al (1833), but less
than that reported by Isc (1958). The former found 1.3 and 2.1 mole in
a-and B-casein respectively, while the latter reported 7.1 mole of a-caszin.

There was insignificant differeace batwsen average of N-termiaal arginins
in both cascins. Buffalo casein contained 1251 mpole, while cows 12.09
mole, which were more than thosz reporied by Ma:llon et al (1933) and
Ise (1999). There was no sigaificant difference  bztween the average
contents of N terminal amind acids in both caseins, since thsy ware 1457
and 13.67 mole pac 107 g in baTalios’s and cows; raspsctivaly.

The distribation of Noterminal amino acids diffzeed in both calzing,
For every lysyl groap thare were approximately § arzinyl groups for buffalosy’
Yoo Py a 5 7
and 8 for cows. Bsloa et al (1953), found that in a-casein [or every lysyl
residus thare were 7 arglayl, while in B.cassin or every twd arzinyl residass
there was one lysyl.
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TABLE 1.—Total amino groups, chain lysine, terminal lysine, ter-
minal arginine, and total N-terminal groups in buffalo and cow

millk casein, ¥

Fuffaln Cow Signi-

ot || —

Range | Average Range Awerage rence
Total amino groups. 92—179 85 8370 76 +
Chain lysine. . . . (28.33-—19.25] 24.45 26.08-—19.80 22.35 _—
Terminal lysine 2.76— 1.73] 2.06 | 1.88— 1.46) 1.59 -+
Terminal arginine , [14.52—-10.08| 12,51 |14.42—10.16| 12.09 —

Total N-terminal

groups . . . . . |16.52—12.15 14.57 |15.89—11.94| 13.67 —

* All values are exprossed in mole/i07 g casein.

-+ (sigaoificant)

— (insignificant).

Tn this study the hydrazinolysis of caseins with some modifications was
used for the identification of C-terminal amino acids instead of the enzyme
hydrolysis by carboxypeptidase. The accuracy of the later method was found
Fox (1945) to depend mostly on the purity of the enzyme and the different
liberation rates of the amino acids. When the former method was used,
clear tailing on the chromatogram was observed which was due mainly to
the presence of anhydrous hydrazine. When benzaldehyde, was wused to
eliminate the cxcess of the hydrazine, it was found to be present in the aqucous
solution which upset the chromatographic separation. Therefore, the amino
acids were adsorbed on cation exchange resin, the benzaldehyde was washed
away with water and the amino acids werc eluted,

Fig. 3, and 4 showed that the C-terminal amino acids of both caseins were

identical.

The first spot in fig. 4 had the relative movement of aspartic acid,

the second spot corvesponded to glutamic acid, while the third, fourth,
and fifth were identical to glycine, serine, Fig. 3, and alanine, fig. 4,

respectively,
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Fic. 3.—Identification of C-terminal amino acids by peper chromato=-

graphy in buffalo and cow milk caseins
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Fro. 4.—Identification of C-terminal amino acids by paper

chromatography in buffalo and cow milk caseins.

The relative distribution of C-terminal amino acids in buffalo milk casein
was 2.18 mole glycine, 1.25 mole alanine, 3.10 mole serine, 2.24 mole
glutamic, and 394 mole aspartic acid per 10°g casein. The corresponding

values for cow milk c¢ascin were 9.20, 2.88, 3.04, 2.46 and 3.568 mole
respectively, as shown in table 2.
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TABLE 2. The welative digtribution of Cetermimal amine

acids in buffalo and cow milk O SEiik.

£

Amino acid

CGlutamic . . .

Aspartic

Glycine .
Serine

Alanine

Total C-termminal
AImino acias

L2.80— 1.77

4 54— 3.10

2.86— 1.74

|
| I
| Average | Ranga |

| Cow

Average

13,85 2.46

3.16— 2.00

|16.49-—11 .09

.94 [3.00— 1.90 2.46
Tl?% ;.(EG—T&_ : 2.20 :

ol T
S, SV | M=

14.16 'ilﬁ.{ii}-m]'l.il-ii 14.16

\
|
|

Signiti-

Gance

of diffe-
TETCH

# A1l values are expressed in mole/10% g casein.

— (insignificant} - (significant},

Only aspartic acid was significantly higher in buffale casein than cows,
while the differences between the rest of the amino acids were insignificant.
The average of the total C-terminal amino acids were simnilar in both caseins,

being 14.16 mole.

showed that both N- and C-terminal residues in
Statistical analysis showed that the difference
insignificant in both caseins.

The results, however,
both caseins were the same.
between N- and C-terminal residues were
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