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DETAILED RIEPORT:

STRUCTURAL'STUDIES ON_PHOSPHOPROTEINS OF. MILK

: Under the tenure of the present programme,
investigation was carried out only with respect to the
main phosphoprotein of milk, namely casein. When this
programme was started in 1963, the exact number of
components in casein and their chemical nature was not
well understood, although there were many reports on the
physico-chemical characterisation of caseins. The
investigation was initiated with g view to ascertain the
number of components in casein and to study their chemical
‘nature.. Since the buffalo milk is as easily available
-in India, as the cow's milk and used extensively, it was
thought worthwhile to extend the investigation on cow
caseins to buffalo caseins as well. Such a study may
provide data for comparison of the results as obtained
. by several investigators in the case of haemoglobins(1).

Further, a change in the composition of casein
in the milk of these two species naturally results in a
change in its physico-chemical properties. A study of
this would afford a better understanding of the changes
taking place in milk proteins during various processing
operations. ' : :

The present programme of work concerning the
structural studies on caseir can be classified under three
headings: ‘ ' A

(&) Attempts to obtain a simple and rapid method
for the preparation of pure - components of
cow as well as buffalo caseins.

(B) Comparative studies on the physico-chemical
properties of the casein from cow and
buffalo milk.

(C) Polymorphism in buffalo casein.



(A) ATTEMPTS TO FRACTIONATE COW AND BUFFALO CASEINS

, The complete fractionation of casein into
distinct homogeneous fractions by a single step has not
yet been achieved. In the initial stages fractionation
of casein was attempted using Sephadex-G-200 gel filtration
- technique, . . However, fractionatior of casein could not be
"achieved by this method. When it was attempted to
fracticnate casein on Sephauex C-200. column in presence
of guanidine hydrochioride, the Sephadex was. found to
lose its compactness and gel characteristics.

, Since aqueone guanidine is knovm to dissociate
proteins at a lower concentration than urea, attempts
have been made to fractionate cow ceasein by the combined
aqueous guanidine hydrochloride and ammonium sulphate
fractionation followed by DRAE celiulose chromatography.
This method also did not achieve any significant separation.
Finally the method of Dumas et al(2) was used with slight
modifications. With this method beta-casein comes out
as a single pure band and alpha-casein iz slightly contami-
nated with XK casein. Thisg couid be removad ‘successfully
with a single precipitation in presence of calcium chloridge.
The method is essentially ag followe.

' The whole casein was dissolved in imidazole buffar
(0.05M) at pH 7.0 containing 3.3l urca and passed through a
column of DEAE cellulose (2 x 40 cms) previously equilibratcd
with the same buffer. The elution was performed with a
linear gradient cf sodium chloxzide (0.1M to 0.6M). Two
major peaks and several minor peaks were obtained. The
same method with modification in the linear gradient of
sodium chloride could be used for the separcation of
individual components of glpho— and beta-caseins. The
fractions were poosled and precivpitated using ammonium
sulphate. This was dispersed in water, dialysed and
lyophilised. o

The whcle purification steps to prevare glpha-
casein. and beta-casein was folilcwed using acrylamide gel
disc electrophovesis in presence of 4.5 urea. In this
method only 7.5% cross-iinked., pll 2.5 standara gel (stacxs
at PH 8.3 and runs at PH 9.5) was used. .Cylindrical
columns of gel matrices in three sections I.e. amall
pore lower gel, large pore specer gel and large pore
sample gel were prepared in glass tubes i1 cm. lorg and
0.6 cm inner diameter,. The procedure for the preparation
of these gels was essenvially eimilar to that of Davis ani
Ornstein(3) except that urea was incorpereted into the gel
at a concentration of 4.5M. The gel moncmer solution,
buffer concentrates and catalysis were mixed in required
provortions(4) anAd ectrwerd 4w 2 oo+ - ce=



A weighed amount of urea was added to the premixed small
pore and large pore gel solution to make them 4.5M with
respect to urea and the solutions were poured into the

tubes for polymerigzation. The change in buffer con-
centration resulting from the volume change due to the
addition of urea was ignored. The buffer used for
electrophoresis are tris-glycine buffer at pH 8.5.0r
tris-borate-EDTA buffer of pd 9.2, both containing 4.5M urea.

After purification of alpha- and beta-casein the
electrophoretic pattern was not different from that obtained
with whole casein. Cow casein generally contained 2 alpha-
casein and 3 beta-casein components whereas buffalo casein
had 3 alpha-casein and one or two bsta-cacein components.
The polymorphism of these casein components will be
discussed later.

: - The purification of casein also was followed using
acrylamide gel electrophoresis. Before the electrophoresis
the casein solution was reduced using mercaptoethanol,

Preparation of K-casein:

—

' -+ The preparation of K-cagéin from buffalo milk was
tried according to the method of Hill(5). In this method
urea need not be used.  Thus any change in native structure
of K-casein introduced by ures could be avoided.

_ In this method, 20 gms. of acid precipitated casein
was taken in 300 ml water and the pH adjusted to 8. This was
cooled to 3°C and 25 ml of 4M CaCl, are added and the pH was
maintained at 6.7 to 7.2. This wasS kept cool for 1 hr. and
then warmed to 35°C. The rrecipitate formed was removed by
centrifuging for 15 mirutes at 500 rpm. Supernatant was
removed and dialysed against water overnight at 3°C. The
dialysed sclution was concentrated %o 50 ml and the pH was
adjusted to 4.7. Tre precipitate of crude K-casein
obtained in this way was redissolved in 50 ml water by the
slow addition of 1N NaOH to bring the pH to 7.5. The
solution was cooled and 4 ml of 4M calcium chloride was
added and the pH was kept at 6.7-7.2 during the addition
and then it was warmed to 35°C. The precipitate formed
was spun at 30000 g for 90 minutes. The supernatant was
dialysed for 3 to 4 hr. agaiast 5 litres of water with
stirring and then overnight againsg 16 litres of 0.05K
~acetic acid buffer at pH 6.25 at 6°C, This was subjected
to DEAE cellulose chromatography essentially according to the
method of Hill(5). -

In the first run 3 peaks were obtained. The first
'~ one was pure beta-casein. Second and third peaks had K-
casein in comvination with different proportions of beta-.
casein. When further subjected to DEAE-cellulose T
chromatography they moved as 3ingle bands in their respective
positions. This shows that bufralo K-casein forms con-



siderably stable complex with beta-casein. In this no trace
of alpha-casein was present. ‘Later we attempted to separate
K~casein in presence of ures by the method essentially
according to Zittle and Custer(6).  Here complete purification
‘of K-casein was achieved in two purification ‘steps.

- The contamination of K-casein in the alpha-casein

- fraction was removed as follows. The lyophilised powder was
dissolved at pH 7.0 cooled to 2°C and made O.13M with Ca*t+

and warmed to 25°C. The precipitate was removed and again
dissolved at pH 8. The calcium was removed using Dowex-50(H") .
The solution was further diaiysed and lyophilised. '

alpha~, beta- and gamma-casein of buffalc milk were

iR D sedguivargpelt

also prepared by the method of Hipp et al(10).

(B) PHYSICO-CHEMICAL CHAEACTERISTICS OF WHOLE CASEIN AND ITS
: MAJOR_COMPONENTS

. The amino acid composition of cow casein has been
determined by a number of workers(7). However, no accurate
data about buffalo caseins are available. Hence amino acid
composition of whole casein, pure preparations of alpha,
beta- and K-caseins of cow and buffalo milk was determined.

In view of the differences observed in the amino
acid composition, rate of proteclysis of whole casein as
well as alpha-casein of cow and buffalo milk was studied
using pepsin, trypsin and alpha-chymotrypsin.

Further the "finger prin%s" of tryptic digests
obtained with wholc casein and with alpha-casein were
determined to find any obvious differences.

Extensive studies have been made earlier on the
phosphorus containing peptides isolated from the proteinase
digests of casein. The digecstion of casein by pepsin
results in the formation of an insoluble product with a higher
phosphorus content than casein. However, digestion of
dephosphorylated casein with pepsin does no+ result in the -
separation of similar product from the digests. In view
of the difference in the composition of some amino acids of
the whole casein of cow and buffalo milk it was felt worth-
while to compare the properties of peptides obtained by
hydrolysis with pepsin. o

Experimental méthods*

The alpha-, beta- and gamma-casein were prepared by
adopting both urea and alcohol fractionation techniques of
Hipp et 21(70). The nitrogen content of the isolated casein
was determined by the microkjeldahl method as described by

MIa2 ten




Digestion of casein_with'pepsin and isolation of peptide from
“the digests: , T i — ‘ s

Casein was dissolvsd in watexr and the sclution
was adjusted to pH 1.8 wish 0.2N HCL. Tt was digested with
crystalline pepsin (keeping ratio. of enzyme to protein being
1:70) for 2 hours at 370C¢.,  The insoluble product (gel) that
had separased was isolated by centrifugation. It was washed
succegsively with water, alcohol, acetone and finally with
ether anc¢ dried. The supserinatant was neuvralized with
dilute elkali and the neptides were precipitated by treatment
with 50 m} of 10% neutral lead acetate soluticn. The
precipitate was isolated by centrifugation, waghed and
-suspended in water. It wes decomposed by passing H S and
filtered.  The filtrate was further stirved with 5 é of
-Dowex—SO-(Hf form) to ensure complete ~emoval of lead and
other metal ions and then lycphilized to obtain in the form.
of dry powder. . '

The amino acid compositicn of the gel and soluble
peptides was determnined according to she method _ described
earlier. '

Soluble peptides were also ootained Irom dephos-
phorylated casein.  Here there was 1o separation of in-
soluble gel like product during digestion.

The separation of these peptides was achievec
uging a column of Dowex-1-Cl. The wentides were dissolved
‘in distilied water at pH 7.8 and passed through a column of
Powex—1-C1 (0.9 x 25 cm).  This was firgt washed with two
column lengths of water cnd then developed with 0.001,
0.005, 5.07%; 0.05 and 0.1F HCl. . Froctions of 5 ml. were
collected. The Irecticns were analvsed by the nirnydrin
method of Eoseni18).

Mhe nitrogen end phogpnorus content of gel ard
soluble pepiides are representcd in Table 3- It is clear
that the soluble peptides af .cow ag well as puffal.o casein
nave higher proportion cf phosphorus compared vc gel
peptides fraction. '

‘Amino acid composition of g2l peptides ot cow ani
buffalo casesins was determined and represented in Table 4.
Significant difierences vere encountered in the composition
of some amino acids hetween these fractione. However, the
peptide elution paitern obtained on chromatography did now
show any difference. Tive majcr peaks were obtained from
both cow and buffalo casein "gel neptides" fraction and
4 major and oneé minor peal wag obtained from "soluble
peptides" fraction. ’



was estimated by the method of Fiske and Suvbarow(12).  The
“paper and agar electrophoretic mobilities of these fractions
were determined according to the method of Giri(13) with
0.05M vernol buffer, pH 8.6 at 200 volts for 4 hours.

. For the amino acid analysis the improved method
-described before was used for the preparatioh,of'alpha—,
beta~ and K-caseins. The amino acid analysis was carried
out using the standard automatic recording equipment
described by Stackman, Stein and Moore(8): )

Dry samples of casein. were hydrolysed separately
with 6N HC1 for 24 hrs. at 170°C ia sealed. tubes under
vacuum. The H1 was taen evaporated in a vacuum desiccator
and the residues were taken up separately in citrate buffer
at pH 2.2, The separation of neutral and acidic amino acids
~ were performed on a 50 x 0.9 cm chromatographic column at

PH 3.25 to 4.25 (0.2M sodium citrate buffer). The basio
~amino acids and ammonia wars analysea on a 10 x 0.5 cm
column at pH 5.28 (0.35M sodium citrate buffer).

Cysteine was determined as cysteic acid after
performic aeid oxidation according “o the method of Hirs(14).

Proteolysis of cow and buffalo caseins:

1% solutions of caseins in 0.1M sodium phosphate
buffer, pH 7.8 were incubated ai 37°C with crystalline: enzymes.
The enzyme substrate ratio was maintained at 1:30. At regular
intervals,. definite aliquots were withdrawn from the in-
cubation medium and immediately treated with a known volume
of 10% trichloracetic acil (TC1) such that its final con-
centration remained 5%. The protein precipitates were
recovered by centrifugation, washed with 5% TCA and their
nitrogen content were determined by digestion with con-
centrated H,SC, and ¢stimating the ammonia by the Nestler
reaction as deécribed by Koch and McMeekin (1924) (15).

"Finger Printing" of trypiic peptide:

The aliquots removed from the incubation mixture
at the end of 24 hrs. were also treateda with TCA as described
above, soluble poreion was recovered and TCA was removed with
ether. The aqueous portions free from TCA were evaporated
to dryness aind *the peptides present in these samples were
separated in %two dimensions vy papeéer electrophoresis and
- paper chromatography as described by Ingram (1958) (16).

The dephosphorylated casein was prepafed according
to the method of Sundararajan et 21.(17).



. IABLE 1:

beta~

-THE NITROGEN AND PHQSPHORUS CONTENTS AND THE AGAR
ELECTROPHORETIC HMOBILITIES OF WHOLE

CASEIN,

alpha-
ANDg;mma- CASEIN ISOLATED FROM BUFFAEUT&TEKt

—’v—-.—'—..—..—._.-‘.—._.-.—..—._....._._.._....

‘Fraction

Whole casein

alpha-casein
beta~casein

gamma-casein

% Nitrogen

% Phosphorus

0.70
15.37 0.71
14.25 0.70
15,18 0.55

L S e R

Agar electrophore-
tic mobility
cm/hr

alpha-casein-1.10
beta-casein -0.62
gamma-casein -0.04

1.10
0.62
0.04

AMINO ACID COMPOSITION OF WHOLE CASETN AND DIFFERENT

FRACTIONS OF CASEIN FROM COW AND BUFFALO MIIK.

Amino acid

-.—‘—.—.—.-o-.—..-‘—.—.-—_'..—'—'—..

A(em/100 em)

Whole Whole.- Cow Buffalo Cow Buffalo. Gow Buffalo
cow . -buffalo alpha- alpha- beta- beta- K- K-casein
_..casein casein casein casein casein casein casein

Lysine 7-0 603 604 509 4‘07 503 403 4-8
Histidine 2.4 2.2 2.2 1.9 1.9 1.8 2.3 1.2
Ammonia 2.6 2.6 S 2.7 3.8 . 1.2 2.0 8.7 2.8
Arginine 3.8 2.7 2.5 3.7 1.9 1.3 3.3 2.6
Aspartic Acid6.8 6.2 6.5 8.1 5.6 4.5 8.5 7.5
Threonine 336 4.0 4.2 5.0 4.5 4.0 6.0 9.2
Serine 4.3 4.2 5.9 5.3 6.5 6.5 5.1 5.5
Glutamic 19.9 21.8 22.2 22.6 21.9 21.0 19.5 19.1

Acid
Proline 10.5 12.8 5.2 5.7 11.9 13,2 9.8 6.3
Glycine 1.5 1.3 1.8 1.7 1.6 1.3 .25 0.6
Alanine - 2.6 2.6 2.4 4.1 2.5 2.0 4.3 9.4
Valine 5.8 5.6 4.5 4.8 5.4 5.5 4.1 5.6
l{ethionine 2.5 1.0 2.5 2.0 2.5 3.4 1.6 8.5
Isoleucine 4.8 4.5 4.6 5.4 3.8 3.7 4.5 6.0
Leucine 8.9 8.6 6.5 5.9 11.1 10.8 4.6 4.9
Tyrosine 5.9 6.4 5.5 8.1 4.0 3.8 6.0 5.5
Phenylala- 5.4 6.0 4.6 5.8 6.7 6.2 5.5 5.0

nine
Cysteic 0.5 1.12 Nil Nil Nil Nil 1.2 2.8

acid * :

Nnracanra n

amall

A At~ A . o

— -y = . —y g - — g = . e — ey g ey e, g e g e L e
. . . . . * e . . * "o . . ° ¢« e T 0T8Ty e s~ . . .

* In these values no account has been made for the possible

-



TABLE ITI. NITROGEN AND PHOSPHORUS CONTENTS OF THE PEPTIDES
: ' OBTAINED rROM THE PEPTIC DIGESTS OF CASEINS.

Nwt”ogen (4) Phosphorus(k)

— " o g = g = -.-.._-0—.,‘—.-...—‘——‘._‘.—“——ﬁ—...—.—_.—-.._....Q—-‘....-o--._._‘-«._ —y -

e T _o ?: s

CaseAn (cow) _ : L C16.37

0.77
Gel peptides (bOW) e 16.14 2.64
-Soluble peptides (cow) .. 14.23 - 4,59
Gel peptides (Buffalo) .. 16.48 2.63
Soluble peptides .o 15.61 4,06

TABLE IV, AMINO ACID COEPOSITION CF GEL PEPTIDES ISOLATED
B FROM THE PEPTIC DIGEST OF COW AND BUFFALO CASEINS.

: % g/ 100gm
Amino Acid Gel Peptides
» Cow . Buffalo

Lysine .. 7.8 6.8
Histidine . 1.0 2.8
Ammonia - 3.1 - 3.0
Arginine . 3.4 1.5
Aspartic acid .. 8.8 - 8.0
Threonine 4.9 3.9
Serine .. 8.8 7.8
Glutamic acid .. 572 32.5
Proline - .- 2.©
Glycine e 1.1 1.5
Alarine - 1.5 3.6
Half cystine . 5.2 ..

Valine ’ . 4.4 4.5
Methionine 1.0 2.0
Iscleucine . 8.9 8.2
Leucine . e 5.1 5.5
Tyrosine - 2.5 2.1
Phenylalanine . 2.8 3.3



-RESULTS: - -

: In Table-1 are given the percentage of nitrogen,
phosphorus and electropnoretln mobility of alpha-, beta-, and

- gama-caseins of buffalo milk. Although the percentage of
nitrogen content was -same in all the three fractions, the
phosphorus content of gamé-casein was con31derably lower

‘ than the' other two fractions. .

In Table-2 are represented the amino acid com-
position of alpha-, beta- ard X-caseins of cow and buffalo
milk obtained by the improved methed described earlier. This
indicates that in the whole casein of cow and buffalo milk
there are differences particularly with respect to cystines

determined as cysteic acid) and methionine content. When
the amino acid content of individual fractions were compared,
no significant difference was observed in the case of alpha-
and beta-caseins of cow and buffalo milk. However, in the
case of K-casein, significant difference in the composition
,FOf many amino acids was obqerved.n,-g0ystine was not present
in glpha- -as well as heta-casein of cow and buffalo milk.
Therefore the difference observed in the cystine. content in
the whole casein must. be mainly due to difference in the
cystine content of K-casein. In fact, it was-found that
cystine . ocontent of buffalo K-casein is almost double the
value of cow K-casein as it was Iound 1n the case of cystine
content of whole casein. -

S “The rate of proteolysis of whole casein and
alpha~casein of cow and buffalo milk was studied using
trypsin, pepsin, alpha-chumotrynsnn and the results are
presented in the Tables 5 to 10. o

IABLE-5: PROTEOLYSIS OF BUFFALO- nlD COW WHOLE CASEINS WITV

PRYPSIN

Time . ~ _____Percentage Profédlysis

' ' ‘Buffalo Casein ~ . Cow Casein
" Zero - v Wil B eh ]

1 min. . 11,77  15.33

15 mins - . T 0 30,98 .0 U 28.08
.30 min. B ‘ 41.52 43,74

45 min. . e 4‘7-95 : 44-.88

1 hr. .o 5%.20 50.69

1.5 hr. .o 54.98 56..50

2.0 hr. oo £G.70 58.24

3,0 hr. oo 52,58 62.88

24 hr. .o 79.52 81.45



-
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'TABLE 6

- PROTEOLYSIS OF BUFFALQ AND COW WHOLE CASEINS

T eT e e T

Zero

15 min.
30 min.
“ 45 min.

. 1.0 hr.

1.5 hr,
2.0 hr.
3.0 hr.
24 hr.

WITH PEPSIN.

-y e = ewe

Peroehtage Proteolysis'

Buffalo casein Cow casein

- e e o e — -

. Nil Nil

.o 27.4 27.9
.o 40,5 44.2
.o 49.3 48.8
. 50.9 67.4
e 53.9 72.1
.o 56.8 77.7
.. 65.8 '83.3
. 91.0 96.3

- - B — e gt g e e -

PROTEOLYSIS OF BUFFALO AND COW WHOLE'CASEINS WITH
alpha-CHYMOTRYPSIN, :

el Rl T Tl R MR R R I I R R e e

Percentage Proteolysis

Buffalo casein Cow casein

.o Ni, -Nil
.o 57 o4 57.8
o 6(09 5808
.'o 7105 7500
.. 83.4 77.1
.o 84.9 78.3
oo 86.4 85.0
.. 87.6 87.5
.o 100



TABLE 8: PROTEOLYSIS OF BWFWALO AND cow alph ;CASEINS
”ITH PRYPSIN

‘Pime . Percentage Proteolysis

~Buffalo alpha-casein Cow alpha—caseLn

Zero .o Nil Nil
1 min. o 4.68 -

15 min. .o 18.81 8.70
30 min. .o 30.58 13.95
45 min. .o 36.46 23.83
1 hr. .. 45.87 27.32
1.5 hr. .o 48.83 54.30
2.0 hr. .o 51.76 33.12
3.0 hr. . 52.93 37.78
24 hr. . 75.30 68.60

TABLE 9 PROTEOLYSIS OF BUFFALO AND COW alpha-CASEINS WITH

PEPSIN.
Time - _' y Percentage Proteolysis
| Buffalo alpha-casein Cow alpha-
: cesein
Zero S Wil ‘ A Nil
15 min, . ' 4.5 7.3
- 30 min, .. 531.8 16.4
4—5 mino L) 38 6 . 2901
1.0 hr, o 43.3 ' 33.8
1.5 h_l‘o . . 5/'05 3603
2.0 hr, .o 71.0 50.9
3.0 hr. oo 79.5 69.1
24 hr. . 82.5 85.4

R I i et e i g g —



TABLE 10:  PROTEOLYSIS OF BUFFALO AND COW CASEINS WITH
| alpha-CAVHOTRIDSIN,

e T g e mc g =, ey =

Percentage Proteolysis

Time
Buffalo alpha-casein Cow alpha-
o casein

Zero .o Nil Nil
15 min. .o 59.9 12.4
30 min. .o 65.4 - 21.7
45 min. .o 73.8 . 37.1
1.0 hr. .o 82.0 T 4 45.9
1.5 hr. .o 89.2 52.0
2.0 hr. . 7.5 - 76.0
3.0 hr. .o 100 90,4
24 hr. - 100 100

, The rate of proteolysis of whole cow casein with
trypsin, pepsin and alpha-chymotrypsin was almost similar to
that of buffalo casein. However the rate of proteolysis of
cow alpha-casein with trypsin, pepsin as well as alpha-
chymotrypsin was slower than buffalo alpha-casein.

The "finger prinis"” of tryptic digests obtained with
whole casein and with alpha-casein isclated from cow and
buffalo milk were almost similar.

Several investigators have studied the insoluble
rhosphopeptones formed during the proteolysis of casein by
pepsin. Degradation of dephosphorylated casein with pepsin
however does not result in the formation of an inséluble
product. In furthering the comparative studies on casein
from cow and buffalo milk the soluble and gel peptide elution
pattern on Dowex-1-Ci was determined. It was found that both
cow and buffalo caseins gave five major peaks in gel peptide
fraction and four major psaks and one minor péak in the case
of soluble peptide fraction. In the case of dephosphorylated
- casein three major peaks and four minor. peaks: were obtained. -

. The elution profile of the soluble and gel peptides
and dephosphorylated and hydrolysed casein of cow and
buffalo casein was very sinilar. ' o



Discussion:

v The data presented here about the physicochemical
properties shows considerable similarities between cow and
“puffalo casein. -Buffalc casein has all the four major
components namely alpha-, beta-,gamma- and K-casein
corresponding to the respective components in cow casein.
Recently it has been shown that humen casein does not
possess the component corresponding to the beta-casein(19).
The electrophoretic mobilities of alpha-, beta-, and
gamma-casein are almost same as thal of cow casein in Agar
gel and acrylamide gel electrophoresis. The mobility of
K-casein in acrylamide gel electrophoresis after reduction
by mercaptoethanol is same as tia’ of cow K-casein. Other
Similarities were found in amiro acid composition.: The
main difference appear to bs in the cases of sulphur con-
taining amino acid namely cystine. I+t is interesting to
note that significant ‘difference in the amino acid
composition of alpha- and beta-casein of cow and buffalo
milk were not encountered. Cystine is absent in buffalo
alpha- and beta-casein jus®t as in the case of cow alpha-
and beta-caseins. The difference in cystine content
found in whole casein appears to be mainly due to difference
in the cystine content of K-casein. The higher cystine
content of buffale K-caseln may be one of the reasons for
the slow release of sialic acid from buffalo casein comparecd
to cow casein by the aciion of rennet(20).

The significent differences found in: the amino
acid composition of cow and buffalo K-casein may explain
the difficulties encountered in the preparation of cheese
from buffalo milk(21,22). Other interesting differences
" between K-ceasein of ccw amd buffalo milk have been shown
by Gupta and Ganguli(20,23). '

K-casein is very important in etudying casein
micelles. Action of rennet on the K-casein in the prepara-
tion of cheese is very well knocwn. Tn view of the signifi-

cant differences encounter=zd in she amino acid composition
of buffalo K-casein as compared to cow K-casein, detailed
‘study of the nature of buffelo K-casein should be under-
taken. PFurther the greater sfadbilizing properties of
huffalo K-casein was orobebly responsible for obtaining
stable complexes of K-cecsein with beta-casein observed -
when preparation of K-casein was followed according to

the method of Hi1l(5). This difference in the property.
of buffalo K-casein may be utilized for the preparation .
of milk concentrates, where it is beneficiary. o



The difference in the initial rate of vroteolysis
of alpha -casein of cow and buffalo milk could not be
-explained on.the basis of their amino acid composition.
However, this may depend on %he primary structure of the
protein and may not be revealed in the:gross composition
of amino acids.- ST T s

-(C) POLYMORPHISM IN BUFFALO CASEIN}

The genetic poslymorphism of +the various casein
components is well es%ahlished. A%t the moment there are
three aiphaSq and several beta -casein varieties are-known,
These were found to differ from each other by substitution
of a single amino acid, usually a basic amino acid for an
acidic one and vice versa., Since there were considerable
differences in amino acid compocition in different major
components of casein, it was of interest to atudy the
polymorphism present in Luffalo casein. . Acrylamide gel
disc electrophoresis was used for this purpose. The
method has been describved earlier. Two buffers namely
tris<glycine at pH 8.5 containing 4,5M urea and tris-EDTA-
boric acid buffer at pH 9.2 con aining urea were used.
When K-casein was.to be serarated, mercaptoetharol was
added to the casein solution and incubated for 1 hr. before
the electrophoresis. Sample gel will not gel in presence
of mercaptoethanol. Therefore, the samples were applied
in concentrated sucrose sclution whenever mercaptoethanol
was used. I jE

There were three alpha -cesein bande in al® the
52 samples of buffalo milk tested with the centre band
always in a higher nroportion then She other two. In
the case of beta -casein crly four sampies had two bands
and tke rest had single baund. dmong thesez four, three
‘samples are from "Murrar" buffalo and one firom "Surti"
~buffalo. K-casein band differs ccnsiderably. There
are only two bands irn all the samplses teeted. There was
no difference in the pattern of casein comporents from
local buffaloes and Murran buvffalces. In this analysis
samples of milk from 40 irdividual Murrah buffaloes and
10 individual local buffaloes were analysead.,

Our earlier results siowing five components in
beta -casein was probably due to faulty preparation, as this
could not be found in the 52 semples of mil¥ tested above.

Recently Genguli end HMajvmdar(24) heve shown the
presence of two components in "Murrsh" buffalo K-casein
using starch gel electrovhoresis.

) _These results indicatc that corsiderable variation
11 casein components found in differsnt breeds of cow
are not present in buffalo casein. However, enalysis of



more number bf samples from other breeds of buffaloes
are necessary to come to eny conolu31on about  the poly-
morphlsm in buffalo casein.
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Extensive work has been carried out in re-
cent years on the Synthesis and structure of proteins gene-
‘rally -and in particular of conjugated proteins. Among
conjugated proteins, phosphoproteins form a very impor-
tant group because of their role in various metabolic
reactions such as enzyme catalysis (1), phosphorylation
of membrane bound roteins, metal ion transfer (2,3),
electron transfer 4), energy storage (5) and in cellu- .

lar regulation (6).

For a very long time studies on phosphopro-
teins have been confined to storage proteins such as
casein of milk and phosvitin of egg volk: In all these
phosphoproteins, phosphate is mostly esterified to the
hydroxyl group of serine. So far only traces of phospho-
threonine have been reported in casein (7) and in phos-

vitin (8).

o The mechanism by which phosphate is incorpo-
rated into the casein has attracted considerable atten-
tion in the past., Though much work has been carried out
on the structure and biosynthesis of casein, the mode of
incorporation of inorganic phosphate (Pi) into the pro-
tein is not well understood. This could take place in
either of the following two ways (1) incorporation of Pi
into casein as phosphoserine or (ii) incorporation of Pi
into casein at g peptide or protein level.

. A critical study of the available literature
indicates that the incorporation of Pi into casein takes
place at a peptide or protein level. This conclusion
has been reached mostly based on the evidence obtained
from the in vitro experimsnts: (1) mitochondrial prepapa-
tions of mammary gland and liver could incorporate Pi
into casein and other proteins (9) ; (ii) under similar
conditions phosphoserine could not be incorporated into
the phosphoproteins;,and (i4i) serine could not be phos-
phorylated by mammary gland extracts. Further, partially
dephosphorylated casein is a better precursor for the
enzyme phosphoprotein kinase (10) and not the completely
dephosphorylated casein (5). The mitochondrial prepara-
tion used earlier could phosphorylate not only partially
dephosphorylated casein and casein but also many other
proteins, casein and plosvitin being the. best substrates.
Unlike the in vivo phosphorylation of some specific serine
residues of casein, any available serine moiety of the
protein can be phosphorylated in an In vitro system.
Phosphoserine, obviously could not be «incorporated into
casein because the enzyme system used was not amino acid
incorporating System. Phosphoserine need not be formed
from serine but can be formed from phosphohydroxy pyruvate



as well (10). All the phosph0protpin kinases irrespect-

ive of the sources from which They were prepared utilize
casein and phosvitin as their beslt substrates and not their
respective tissue proteins. Therefore, this problem

was reinvestigated. At first ethionine, an inhibitor

of protein gvr+h981s was taken to study the incorpora-

tion of Pi as well as of radioactive amino acilds.

© If 1372 gets in: to casein as phospho-
serine, then ethionine should inhibit this process.
If the phosphoryliation is taking place at the protein
level, ethionine should not inhibl?% such a process.
With +this idea in View,‘experiments‘were undertaken
to studv the incorporation of radioactive amino dcids
and P32 into casein, Dr0t°1ﬂ8 of mammary gland,
liver, kidney and blood b] *ngoctlng ethionine into
intact rats. Since ethionine is not a specific in-
hibitor of protein synthesis, the effect of puromycin
and cycloheximide was also studied om the synthesis
of protein.

Experimental Methods

In the in vivo =xperiments rats in lactation
for a period of 20 days were used. DL-cthicaine was
injected intraperitoneally at a level of 1 mg/gm body
weight. FHalf the dose was given at zero tiwe. After
.2 hrs. the sccond half »f the dgpse was administered.
Inorganic phosphate P52 and ¢'F labellied amino
acids were injected intraperitoneally ' hr. after the
first injection of ethionine. Conirol rats recelved
‘equal volume of distilled waler. Azdcr 5 hrb. of the
first injection, the animals were sacrificed, liver,
blood and kidneys were remored as 0u1nklj as possible
and chilled in 0.9% saline-> Residval milk was extxac-
ted from the memmary gland by repeated extraction with

|

0.9% cold sallpe(11 Phospho proteins from the above
organs as well as rum nilk were nrepareﬁ by the method
described by Freidkin oné Lehninger(i2) In one

experimenty, these powders were dissolve d in minimum
amount of dilute ammnnla and d¢nly5na exaustively
against 0.05M phosphate huffer of pll 7.0 and then
agalnst distilled W%ter end reprecipitated by adjust-
ing the pH of the solutvion in o dialysis bag to pH 4.6.
No appreciable radioactivity was lost. Radioactivity
of these powders was desermined by *he usec of a Geiger
counter attached %o a "Paner" scalar. Depqosphorylu—
tion was carried ouv at 34°C for different periods of
time using 0.05M Ba(OP)n solutions



IN vitro experiments using tissue slices

- Rats lactating for a periocd of 5 to 10 days
were used. The rats were killed bv decapitation, the
liver and mammary glands were removed and excised

in cold saline. Tissue slices were. prebared using

the "Stadie Riggs" tissue slicer. A known weight

of slices (abou+ 20C mg) of liver as well as of mammary
»gland were taken in each of the 50 ml flasks containing
5 ml of the Krebs-Ringer bicarbonate buffer pH 7.5.

" One set of flasks were used as control. To another set
of flasks was addecd inhibitors of protein syvnthesisi
These flasks were seturated with oxygen, closed tightly
with corks and incubated in a "Gallenkamp". metabolic
shaker at 37°C for 1/2 hr. Equal volume of 207 TCA was
added and homogenized. Isolaticn of phosphoprotein

was accomplished by the. ‘method descrlbed earller and
the radiocactivity determlned

po2 phosnhooerlne was prepared acfording to
the method of Murray and Splnhk(13§ Preparaticn of
-phosphoserinol was carried out essentialliy according to
the method of Menning and lMeis iter(14). The isolation
- of final pﬂoduct was carrled out by chromatography on
Dowex x 50cm (H¥ 2002400 mesh 1.5 x 20 cm) and elution
with 0.5N HC1.

Preparation of P’° -phosphate labelled amino acyl-S-RVA

Lactating rats were stunned and decapitated,
the mammary g¢ands were removed and immediately wash96
in ice cold 0.9% saline and minced. Thic was incubated
in the preserce of "Feller anc¢ Zamecnick" medium A(15)
pH 7.0) containing P phosphate for two hours at 37°
in an atmosphere of oxygen. After incubation, it was
chilled immediately and homogenized using "V“”tlS"
homogenizer. Water saturated phenol contalnlng 1%
gsodium dodecyl sulphate was added to this homogenlzed
medium and shaken vigorously for one hour. This was
spun at 15,000 g for 10 minutes in a "Servall" re-
frigerated centrifuge and the top layer was carefully
removed. The bottom layver was mixed with an equal
volume of cold medium A and centrifuged again and the
top agueous layer was collectec. To the oomblned aguecus
vortlion was added three volumes of 95% ethanol. The ‘
resultant precipitate was dissolved in 100 ml of cold
0.02M acetate buffer, pH 5.8, containing O.1M sodium
chloride, and added dropwise to a column of DEAE cellu-
lose (2 x 10cm) previously equilibrated with the same buffer



Elution was performed by a linear gradient of sodium chlo-

ride from 0,1M to 2M in a total volume of 500 ml. 5 ml
fractions were collected every 15 minutes. RNA was

eluted between the tube numbers 45 to 55. These portions
which were completely devoid of contaminating protein

were pooled and then extracted twice with an equal

volume of cold phenol saturated with water and with

ether respectively. To the aqueous solution containing

RWA, three volumes of 95% ethanol were added and was allowed to
stand at~-14°C overnight. ‘The precipitate formed was spun down
and washed ‘with 80% alcoholy :dissolved iti a fewfil of cold
water:end dialysed against c>1d water overnight and lyophilized.

Results

The results obtained on the effect of ethio-
nine in vivo on the incorporation of radioactive phenyl-
alanine and tryptophane into the protein of wvarious
organs are presented in Table 1. The results indicated
that ethionine inhibited the incorporation of both the
amino acids into the proteins of liver, kidney, blood
and casein. . :

Table 1: EFFECT OF INJECTED ETHION;%E ON THE INCORPCRA-
TION OF PHENYLA%%NINE;U—C' , TRYPTOPHANE-7-C 4
AND PHOSPHATE-P INTO THE PROTEINS OF VARIOUS
ORGANS AND CASEIN OF LACTATING RAT.

% decrease in the incorporation of
labelled compounds over the control

fheﬁyl : Trypto- Phos Bate—
alanine- ..+ vhane P |
U-c 14 7-c14
Tiver : 33 18 5
Kidney S _ 1
Blood . , 52 85 0
Mammary gland 65 30 67
T4

Casein 64 33



The results presented in Table 1 clearly
revealed that ethionine did not inhibit the incorpora-
tion of Pi32 into the proteins of liver, kidney and
blood. Surprisingly it inhibited the incorporation of
Pi32 into casein and the phosphoproteins of mammary
gland. This experiment was repeated five times and
similar pattern of results were obtained. Out of the
five sets of experimental results only twice a decrease
of 2 to 3% in the liver and s decrease of 1% in the
kidney were obtained.

The resu%ﬁs presented in Table 2 revealed
that 70% of the Pi’c from liver and 80 to 100% from
mammary gland and casein respectively can be dephospho-
‘rylated. This is in accordance with the results re-
ported in the literature. The results presented in
Table % clearly showed that on paper electrophorogram,
the radioactive peak more or less coincided with the
protein peak as detected by bromophenol reagent. - -

Table 2. P{32_RTIEASE FROM PROTETY OF. TIVER MAMMARY GLAND
AFD GASEIN B BARIUM HYDROYTD®, :

Percentage release of szwatﬂ

2 hrs. 24 hrs. .
Liver | 70 70 |
Mammary gland 84 84
Casein 85 100

I e e o G S e e NS
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Table 3. ELECTROPHORETIC PATTERN OF CASEIN AND MAMMARY
- GLAND PHOSPHOPROTETIN. ~ , o

(Electrophoresis was carried out for 3 hours.and'30 minutes -
‘using Whatman No.1 filter paper strips and 0.05M veronal
buffer of pH 8.6 at a voltage gradient of 8.8 V/cm.)

Distance moved Distance moved
from the origin by protein peak
of radioactive  from the origin
peak moved =~ '~ {B.P.B. test
Casein 42 to 4 cm. +1.5 to 3 cm.
Iammar land ) . S
ope 8 +3,5 to 5 cm. +2. to 4.cm.

phosphoprotein




- . The results of the effect of ethionine, puro-
‘mycin and cycloheximide on the incorporation of valine-C
and.phosph‘ate-P3 are represented in Table 4. It could
be. seen .that all the inhibitors of protein synthesis
inhibited the incorporation of valine-C14 3,4, liver as
well as mammary glend proteins. Ethionine is markedly
less effective than puromycin and cycloheximide in inhi-
biting the incorporg?ion of amino acid. The incorpora-
tion of phosphate-P into liver proteins was not inhi-
bited by any of the inhibitors of protein synthesis
whereas that into mammary gland proteins was inhibited.
However, the extent of inhibition of phosphafe—P32 into
mammary %%and protein is almost 1/3 of inhibition of
valine-C'T by all these inhibitors of protein synthesis.

14
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Table 4. BFFPECT OF INHIBITORS OF PROTEIN SYNTHESTS ON THE
INCORPORATION OF ¢ 14-VALIN® AND P32_PHOSPHLTT
INTO THE PROTEIN OF LIVIER “ND MAMIM'RY GLAND OF
THE R'T.

(Tissue slices were incubated for 2 hours in the case of
experiments with ethionine and %0 minutes in the case of
puromycin and cyclo heximide).

Inhibitors of Labelled com- %decrease in the

protein synthe- pounds used incorporation of lahel-

Sis used . led compounds over the
Leontrol o

Liver  Mammary gland

29.4

Ethionine ¢4 -valine 69.0

(10 mg/ml) AP3?—phosphate 5.2 10.4
Puromycin C14—valine 92.0 838.0
(Qoo,ﬂg/ml) P32_phosphate 1.3 19.9
Cycloheximide - ¢4 _valine 900 83;0
(20Q pg/ml), P32~phosphate 2.8 - 28.0

o e e . LG s e e e T E e e e Wy vem e F

Attempts_to demonstrate the presence of phosphoserine in
rat mammary glends :

One day old lactating rats were used in these
experiments. Mammary gland was obtained from normal
lactating rats as well as from those given ethionine



intraperitoneally in the same manner as descrived in experi-
ment (a). The animals were sacrificed, a 10% homqgenate of
the ‘'washed mammary glands was prepared in cold 10% TCA.

TCA was removed by ether extraction and -the pH was adjusted
to 75 to 8.0. The sample was loaded on a Dowex-1-C1
(200-400 mesh) column (14 X 1.5 cm). The .column was

washed with 200 ml water followed by 200 ml of 0.001N HC1.
Elution was continued with 0.01¥ HC1 and 5 ml fraction
were collected. 80 fractions were collected and analysed
for radioactivity. Of the six radioactive peaks obhtained
only two of them answered the ninhydrin test. Tubes 23

to 31 constitute the first peak and 32 to 41 form the ,
second peak. First peak gave intense colour with ninhydrin
but the second peak gave only a faint colaur. These two
peaks were concentrated and a part of the concentrates

were chromatographed on Whatman No.1 filter paper for

24 hrs. using 75 parts of ethanol and 50 parts of 0.1
acetate buffer of pH 4.6 as the solvent system. On
chromatography of the second peak, ninhyd:in colour did
not coincide with the radioactivity. The radioactivity was
associated with U.V. Quenching spots.

Attempts to demonstrate incorporation of phosphoserine into

S-RVA o1 rat, mamrary aland

-

Ten day old lactating rat mammary glands were

homogenized and spun at 100,000 g for one hour. The supernatant

was adjusted to pH 5 with 1N HC1. The pre¢cipitdte was cern-
trifuged and after one wash with 0.14M KC1, it was dis-
Solved in the medium of pH 7.5 contairing 0.35M sucrose,
0.035M KHCO3, 0.025H XC1 and 0.,01M MgCls. This was used
as the enzyme source and contained enough S-REKA to accept
amino acids.. This enzyme preparation did not release
phosphate from either phosphoserine or casein.. The in-
cubation mixture to study the transfer of serine to S-RNA
consisted of enzyme, ALTP (1olmmoles), Mgt (10 u moles)
and labelled serine together with unlabelled serine
(20 pmoles). After ome hour incubation at 37°C, the
reaction was arrested hy the addition of 10% TCA. The
protein nucleoprotein complex was washed thrice with cold
5% TCA containing unlabelled serine followed by alcohol
ether mixture and finally by ether. Amino acyl S-RW4 was
extracted from this with 1.0M sodium chloride at boiling
water temperature and Precipitated from sodium chloride
solution with ethanol on a filter and after -drying the.
counts were determined. : . : :

This experiment was repeated with P32~phos—
phoserine.  The results presented in Table 5 indicate
that both ¢4 labelled serine and P52 labelled phospho--

serine could be transferred to S-RFL.



Table 5. IN VITRO INCORPORATION OF 14 _SERTNE AND p32
PHIOSPAOSERINE INTO S—RNA OF LuCTATING Rl MAMM ARY
GLaND. -~ o .

(0.5 pe of serine-3-¢14 and 0.5 mc of P32~phosphoseri e

are added in the incubation mixture).

cpm/mg incorporated
over the blank

Serine-3-¢14 | 120
P32-Phosphoserine 160

The incorporation of amino acids was found to bhe
very low. This is probably due to the low effi c
(about 4%) of the radioactive counter used.

Lxperiments to demonstrate Phosphoserine in the SRT

Iractions

A L 103 homogenate of the 1actating'mammary glands
Wwas prepared in 0,25 sucrose. Amino acyl S-RFL was
brepared from tho 1,00,000 g Supernatant by the conven-
tional phenolization method. The preparation was dialvsed
against water for 18 hours at 5°%.  ‘mino acids were
released from the amino acvl S-RFA by incubating in a
medium of p4 10.1 for 30 minutes at 37°¢. The ccntente
were dialyzed, the dialysate was concentrated and pessed
through Dowex—-1-C1 column. Basic and neutral amino acids
were removed from the columm by washing with 100 ml o
water followed by 100 ml 0.001N HQOZL. Elution was con-
tinued with 100 ml of 0.01N HC1. 0.01¥ ugji eluate was
concentrated and analysed by two dimensional vaper
chromatography using phenol: water (75:25) ana butanol:
acetic acidswater (4:1:1) as +%he two solvent systems.
Ninhydrin positive spots corresponding to aspertic acid,
glutamic acid and phosphoserine were detected. Recently
Carlsen et al(20) reported similar results from phosvitin
synthesising chick liver system.

This experiment was repeated using e as tracer.
P32-phosphate‘(1OO;uQ/1OOgm body weight of rat). was in-
jeeted to rats intraperitoneally. . The animals were
sacrificed after two hours. A 10 homogenate of +the
washed mammary glands was brepared In 0.25M sucroce



and phosphoserine was isolated as described above.

The spot corresponding to phosphoserine had considera-
ble radioactivity. The 0.018 701 elunte from the column
was mixed with 10 mg colgd rhosphoserine and crvstallized
from tissues with ethanol and ether. The crystals

were taken in 2 ml of water and chromatographed with.
ethanolsacetate buffer at pPH 4.6. The ninhydrin spot
contained 211 the radioactivity. _ ~

slthough phosphoserine could be demonstrated
in S-RN. fraction, there could be doubt regarding the
specific attachment of phesphoserine to the -CC.A termi-
nal of S-RWi moleccule as in the case of other amino
acids(16). The following two procedures were used to
prove conclusively the presence of phosphoseryl-S-RN/
in rat mammary gland. The first method is followed
essentially according to Preise et &;(1735 and the
second method according to Soda et &81(18).

1. The amino acyl-S-RVA isolated from rat
mammary gland can be digested with ribonuclease and
the amino acyl adcnosine isolated. The presence of phos-
phoserine in this fraction will prove the prescnce of
phosphoseryl-S—-R¥A in rat mammary gland. If P ~-phos-
phate was incorporated into S=RNi, thon the amino acyl
adenosine fraction will not have nucleotide phosphate.
Phosphoserine is the only amino acid which contains
phosphate under these conditions. The presence of
radioactivity in this fraction would brove the presence
of phosphoseryl S-RW..,

2. The amino acvl S-RVA isolated from rat
mammary gland csn be reduced using lithium borohydride
to amino alcchol. The presence of phosphoserinol in
this fraction would prove the presence of phosphoseryl-
S-RN. in rat mammary gland.

P32 ‘ . ' . . .

F2e~phosphate incorporation into amino acyl-
S-RNA fraction was followcd by using rat mammary gland
minces. The resulting labelled, amino acyl-S-RV). was
isolated, purified and lyophilized according to the
procedurc described under methods. A 10 mg. of the
lyophilized powder was dissolved in 0.5 ml of acetate
buffer at pH 5.8 and treated with 100 ug of ribo-
nuclease for 15 minutes at 30°C. /n aliquot was placed
on Whatman No.1 filter paper and chromatographed at 4°¢
with secondary butanol:;formic acidswater ?70:10:20)
as solvent system. The Re values of the various mnono-
nucleotides, serine, phosphoserine and adenosine are
represented in Table 6. In comparison with other amino
acyl adenosines, phosphoseryl adenosine was expected to



to have an Ry value between phosphoserine znd acenosine(17).
Following chromatography, the strip was cut into 1 ecm ‘
section, eluted with 0.05N ¥H,OH 2nd the eluate counted.
Almost all the radioactivity was Tound at the origin and
no radioactivity could be located in ike region where
phosphoseryl S~RNA could be desected.

e - ———— - - . ——

Table 6. Ry VALUES OF THE VARIOUS MONCHNUCLEOTIDES, SERTNE,
PHOSPHOSERINE AND ADENCS1HNT .

Rf Talue
- Phosphoserine ' U2
- Serine _ : 0.3%
Adenosine C.28
Amp
Cvp |
P |
' ; 32 . . .
2. The P""-labeliled amino ecyl=S-RNL was

prepared as described earlier. 10 mg of the lyophilized
amino acyl S-RITA was suspended in 10 ml of 0.15M 1ithium
borohydride in tetrahydrofuran (dissilled over lithium
aluminium hydride) and the mixiture was shaken at 26°C
for one hour. 2 wl of water wes added anl +he solution
was heated on a steam bath until alnost all of the
tetrahydrofuran had evaporated ard the residual solution
was neutralized by the addition of 0.1k NaOH. " The
solution was desalted by passing through a column of
Dowex-50 (H*) followed by elution oF *he radioactive
material with 6 HCl. The desalted maierisl was con-
centrated in vacuo to dryness over sodium hydroxide
until all the HCL was removed. To thim residue was
added phosphoserinol dissolved in o winimal amount of
water and chromatographed on strips of Watmen No.3

paper using solvent consictine of tert butenol:methyl
ethyl ketone:swater:concentrated Wid,0H in +he prcportion
50:50:25:15. After chromatography, the purer sirips
were cut into 1 cm sections and their radicactivity
determined in a Geiger-Muller zcunter attached to a
"Panex" scalar. No radioactivitr was detectel in the
region corresponding to phosphoserinol. Ginew phosphate

-
J.



protein biosynthesis, phosphate could be introduced

into phosphoproteins at four stages (i) incorporation

of free phosphoserine into the growing polypeptide

chain after activation and esterification to a S-RNAj

(ii) phosphorylation of seryl-SRNA; (iii) phosphoryla-
tion of the polypeptide chain before its release from

the ribosomes and (iv) phosphorylation of a pool of nascent
protein after its release from the ribosomes.

If the phosphorylation is taking place after
the complete protein is formed, the inhibitors of
protein synthesis s%guld not inhibit the incorpora-
tion of phosphate-P’¢. Thus the phosphorylation of
proteins of liver, kidney and blood takes place after
the complete protein is formed. Mirsky and his
colleagues(6) have also reported that protein phospho-
rylation by isolated lymphocyte nuclel proceeds in-
dependently of protein synthesis. '

_gowever, ethionine inhibited the incorpora- .
tion of Pi?? into the proteins of mammary gland and
casein. This might mean either (i) that phosphoryla-
tion of casein and mammary glend protein is takin§ place
at the amino acid stage or (ii) the decreased Pi’
incorporation is due to depletion of ATZ?. Schull(22)
observed that ethionine administration decreased
glycogen phosphorylase activity of liver which was
attributed Lo the decreased ATP content. Such a re-
duction was reversed by the administration of ATP

or adenine. In the present experiments, this »ossibility
has been ruled out since adenine administration could
not r%gerse the ethionine effect on the incorporation

of Pi into casein or the proteins of mammary gland.
Another possibility is that phosphorylation at the
protein level is mediated by some hormone which might

be influenced by ethionine. :

o However, the 2xistence of hormonal in-
fluence can be clarified to certain extent by using
tissue slice@zfor studying the incorporation of amino
acid83§nd Pi’¢. In these experiments the incorporation
of Pi’“ was inhibited to about only 20 %o 30% as against
80-90% of inhibition of amino acid incorporation. Ethio-
nine was much less efficient in inhibiting the protein 32
synthesis but here again the extent of inhibition of Pi-
is only 1/3 of the extent of inhibition of amino acid
incorporation. This could be interpreted to mean that
ethionine inhibition of phosphorylation in vivo is not
subjected to hormonal influences.

When this investigation was in progress,
Turkington and Topper(21) using mouse mammary explants



compounds Whibh,may_begpresent as contaminants such ae
the nucleotides and phosphosgerine had entirely different
R values as represented in the Table 7. Lo

B e et e et

Table_?. Re VATUES OF THE VARIOUS ONONUCLMOTTIES, SERTNE,
‘ SERINCL, PHOSPHCSERINE AND PHOSPHOSERINOL.,

Re value
f

Serine 0.32
Serinol ' 0.87
Phosphoserine 0,045
Phosphoserinocl J.47
AMP g
GMP 4- 1
UMP 0
Discussion

The question as to whether vhosphosarine in
phosphoprotein arises fron a step prior %o pentide
bond formation or after the peptide or complete protein
is synthesised is still aot clearly understood. Although
overwhelming evidences are available for tlie phosphoryla-
tion at peptide cr protein level they do rov rule out
the possibility of phosphorylation at cther sites.

Considerable work Las been carried out on
the enzyme phosphoprotein kinase which phosphorylateg
casein. The enzvme has been identified in many différent
tissues by different groups »f workers{5,9,i0,12)., The
properties of the protein kinases can be sunmarized as
follows: (i) casein and phosvitin are he main Sub
strates for this enzyme; (ii) partislly dephosnhoryla-
ted proteins are better acceptors; (iii) serine as free
amino acid is not phosphorylated and (iv) small peptide
also can be phosphorylated,

, However, completely depnosphorylated casein
cannot be phosphorylated by this enzvme. So far non-
phosphorylated precursors either in nilk or in mammary
gland have not been isolatad. Therefore, phosphoryla-
tion of casein to a certain exten’ must tdke place
by other mechanisms before it can be phiosphorylated by
protein kinase. According o the curreat concepts of



Preiss et a1(17), and Soda et al. However, no positive
results were obtained. This may not necessarily prove
the absence of phosphoseryl-S-RNA, since the methods
employed were not highly sat:sfﬂctor]. '

v -The Rf value of phosphoseryl adenOSﬁne is

assumed to be between phosphoserine and adenosine.

" However, it is poselble that phODphose“yl adenosine
may not move very far from the origin. Owing to the
lack of an authentic sample of phoesphoseryl adcnosine,
‘1t was not p0831b1e to determlne the correct Re value.

LA

In conoluelon the results presented in this
communication indicate that phosphorylation of proteins
in mammary gland is different from the phosphorylatlon
%f pgoteln 1n other tissues such as liver, kidney and

00

' While - the phosphorylatlon of liver protelns
takes place after the complete protein is formed, the
phosphorylation of protein from mammary gland takes
place before the formation of complete protein.
Attempts to locate the phosphorylatlon at earlier
steps indicated the possible presence of phosphoseryl
SRNA in rat mammary gland.

¢ o e 00000

ABSTRACT

Evidence has been presented to show that the phos-
phorylatlon of protein of milk to form casein can take place
not only by phosphorylation by protein kinase but by other
mechanisms as well. No pool of phosphoserine has been
detected in the lactating mammary gland under conditions
wherein the biosynthesis of protein is inhibited. The data
. obtained indicate the possible presence of phosphoseryl SRNA
in the rat mammary gland. By use of inhibitors of protein
synthesis such as ethionine, puromycin and cycloheximide, it
has been shown that while the pliosphorylation of liver
protein occurs after the complete protein is formed, the
phosphorylation of protein from mammary gland takes place
before the formation of the complete protein.



showed that phosphorylation is relatively insensitive
to the presence of pburomycin during the first two

hours of incubation and as the incubation time in-
creased, the rate of “incorporation of Pi32 would be
equal to that of 014—amino acid incorporation in
breésence of puromycin. In our experiments not only
puromycin but also, ethionine ang cycloheximide
partially inhibited the phosphorylation of mammary
gland protein. The higher inhibition of phosphoryla-
tion in whole animals could be due to the reason that
phosphorylation is subjected to the effect of ethionine
for 5 hours where as in tissue slice experiments it is
only for % hr. and 2 hrs. sinilar to the experinents of
Turkington and Topper (21).

The results compiled above from this labora-
tory as well as that of others indicate that phosphoryla-
tion at the peptide level before the complete protein
is formed is probably by the enzyme protein kinase.

- Bowever these results do not rule out the possibility
cf phosphorylation at earlier sites. Therefore, a
detailed study was undertaken to evaluate the first
three possible sites for the phosphorylation.

The phosphorylation of serire has not- been
shown so far. But phosphoserine can be formed from
phosphoenol pyruviec acid. 17 phosphoserine is in-
corporated into protein, there must bé a pool of
phosphoserine in lactating memmary gland. TUnder
-conditions of inhibition of protein synthesis, phos-
phoserine must accumulate like other amino acids. .
However, phosphoserine could net be idzntified in
normal lactating mammary glard or when ethionine was
‘injected. - Second PoSsibility is that phosphoserine
formed is rapidly incorporated into S-RNA. It is
known that protein synthesis is very rapid in lactating
mammary glands. The Sfore, incorporation of chemically
brepared phosphate-P°< into S_pyA was followed using
- the amino acid activating system of rat mammary gland
and the incorporation of phosphoserine into S-RNA °
- fraction was observed.

The next obvious step would be to look
for phosphoserine in +he S-RNA fraction. Phosphoserine
was identified in S-RNA fraction. However, to prove
unequivocally the presence of phosphcserine in the
-CCA terminal of S-RNA should be shown, because
a number of studies have shown that amino acids can
attach on S-RNA at non-specific sites(16). Therefore,
experiments were conducted following the method of
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SUMMARY

Bvidence for two types of prhosphorylation of proteins
1s presented. Ethionine inhibitagq vhe in vivo in-
corporation of both amino acids ang P13 into casein to the
Same extent, where as it inhibited thé amino acid in-
.CGorporation and not of P;?< into proteins of liver ang
kidney. o

In vitro addition of puromycin angd cycloheximide 14
to liver or lactating mammary gland slices inhibited the ¢'%-
valine-incorporation into proteing to an extent of 90% and
80% respectively. Using mammary giand slices, in vitro
addition of thesec two antibiotics inhibised the incorporation
of P,32 %4 a less but ‘significant extent; wheress they

did fiot inhibit the incorporation of P_,_3é into liver
proteins, when added to 1iver slices. *

Although in vitro addition of sthionine to liver
slices inhibited ¢ =valine incorporation into. proteins to
an extent of 69%, its addition 4o mammary gland slices,
inhibited the ¢'4-vgline incorporation only to about 29%,

The preéenoe.of phosphoseryl—sRNA is indicated
though not‘oonclusively, in lactating memmary gland,

From these results it is suggested that there are
two types cf phosphorylation of proteins, one occurring

in liver ang kidney which igs not sensitive to the inhibitors
of protein Synthesis &nd is Present in lactating mammary



SUMMARY

Attempts have been made o Irachticnate cow and

. lrac

buf?alo casein and the purification of casein has veen
followed using acrylamide gel slectrophoreslis. The
preparation of ¥-casein from hufralo milk has alse been

made.

Compuiative studies nave been carried out cn the
physicowchemioal properties of cassin from cow and puffalo
milk. The data presented show that buffalo casein has all
the four major components, namely alpha-, beta-, ey
and K-casein corresvonding to the <espective CcompoAlnts in
cow casein. The elociropnorcyic mobilities of alvpha~—,
beta- and & G—-caselilr. are almost same as Shat of cow
casein in Agar gel end acwylomide gex elacisropinresis.

The mobility of K-c2sein in acrylamide gel siectrophoresis
after reduction by mercapicethanol is same +that ofi cow
K-casein. Ofther similarities were found in =zmino acid
composition. The wmein difference appesIs to be in the
case of sulphur containing opino acid namely cystine. The
difference in cystine content found irn wnole cas i

to bhe mainly due tc differemnce ‘v the cystine content of
K—casein. The higher crstine countent of buffalo X-ceseir
may be one of the reasons for tae siow release of sialic
acid from buffalo caseir compered t0o COW casein by tne
action of rennevs.
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mhe considerable weriation 1in nasein componente
found in different breeds of cow are Mo present in buifalo
casein. There was 1no iifference in the patterm of casein
componente fron local buffaloes anc Murrah buffaloes.
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