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Acrylonitrile was grafted to casein using persulfate catalyst.  This
copolymer and pure casein were subjected to amino.acid analysis.

A

comparison of the compositions of the two substances indicated that about

cleven amino.acids were aflected,

Of them, only seven—arginine, cystine,

glycine, lysine, serine, threonine and valine could be interpreted as having

scrved as grafting sites.

The degree of polymerization (about 6) calculated

from the degree of grafting (18.5) and the amount lost of the above
amino-acid residucs was very low. This may be attributed to the structural

peculiarities of cascin.

Introduction

In an carlier communication,' our
preliminary findings on grafting acrylics
onto casein using persulfate catalyst have
been reported. In this paper, further
evidence in support of the covalent binding
of acrylics with cascin is presented.

F.xperimental

a) Muarerials

Acrylonitrile (AN) from BDH was
purificd by standard method.

Casein, potassium persulfate and
Trei-cthanolamine, AR, and Di-
methyiformamide (from B Merck,
India).

Sodium  lauryl  sulfate.  (Ahura

Chemicals, India).
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Parachloromctacresol (from SISCO
Cliem. Industries, India). :

Methanol (SD’s Lab-Chem. Indus-
tries, India).

Acetic acid (Reechem Private Limi-
ted, India).

hy. Methods
/. Preparation of 10% casein solution

Cascin (20 g.) was soaked overnight in
water (100 ml.). [t was then treated
gradually with a solution of tricthanolaminc
(4 g.) in water (76 ml) at 60°C and was
kept at that temperature for 2 hrs, to
obtain a clear solution of casein. pH 7.75."
acrylonitrile

Preparation  of  casein

copolymers

A three-necked R.B. flask (509 ml.) fitted
with a mechanical stirrer, a condenser, &
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thermometer, a nitrogen inlet tube and
two dropping funnels was -placed in a
constant  temperature water bath. 10%
casein solution (200 g.) was placed in the
reaction flask. Nitrogen. was bubbled
through the solution!‘ throughout the re-
action. The acrylonitrile monomer (10 g.)
was taken in one of the dropping funnels.
A mixture_of potassium persulfate (0.8 g.)
and sodium lauryl sulphate (0.15 g.) was
dissolved in water (10 ml.). The catalyst
emulsifier mixture WQS taken in the other
dropping funnel. The temperature of the

casein solution was kept at 45°C at the start

of the reaction. The monomer and the
catalyst were added dfopwise into the flask
simultancously over a period of 10 minutes.
After the addition, the contents of the flask
were kept at 45°C for | hour and then
raised to 75°C and maintained at that
temperature for 1 hour and cooled. The
resultant polymer solution was obtained as
pale ycllow emulsion which was preserved
with 0.2% parachloro meta-cresol dissolved
in methanol (S ml). i

. | o

A Separation of homopolymer and  graf
copolymer from the /)oly/_\mu‘ \ul‘miu'/z‘
.. 1

above experiment was treated with excess of
10% acetic acid the"rcbyA the whole polymer
components got precipilatjed from the bath.
1t was filicred and repeatedly washed with
distilled water. The rcs?idue after drying
was taken in dimethyl formamide (300 ml.)
and shaken intermittently in a shaker for a

period of 72 hours. The solvent Jayer was -
separated  from  the "undissolved residue.

B | .

The solvent system on evaporation pave the
homopolymer = (S g). The  lndissolved
residue was repeatedly wdshed with water

“and dried 1o givc' ‘the  graft copolymers

(23 g.). -

INoe

The polymer solution lobtained from the. ..

4. Nitrogen estimation

% Nitrogen of casein—acrylonitrile co-
polymer was estimated by the micro
Kjeldahl method using selinium dioxide
catalyst in the usual manner.! The nitro-
gen values for the casein graft and the pure
casein were 16 and 14 respectively.

5. Muisture determination

This was carried out using 5 g. of the
sample in the Advance Rescarch lnsiru-
ments Model M-3 Iofra-red moisture

balance.
6. Amno acid analysis

Caseins (100 mg. cach) were hydrolysed
with 6N HCI in cvacuated and sealed tubes
at 105°C for 22 hours. Tac amino-acid
analysis was carricd out on the hydrolyzate
using Beckman  Model 120C amino-acid
analyser.

Results and discussion

The moisture contents of vontrol casein
and  grafted  casein were 8% and 77

Tospectively,  Since the samples used for

nitrogen  estimation  and  amino- acid
analyses - were not predried, the  figures
obtained were recalculated using the corres-
ponding moisture content 1o get the coires-

ponding figures on dry busis.

The corrected- percentige nitfogen values

of pure and grafted cascins were 15.2 wnd
17.2 respectively. The percentage nitrozen

in the prafted cascin is the sum total of the
contributions  from  hoth  the: polyacry.

lonitrile and cascin and therefore it ¢ uld

be apportioned between these two compo-
nents of the copolymer. Converscly; the
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actual amount of grafted polymer coufd be

-obtained using the formula®
X - %N of the copolymer - % N of cascin
0.108

grafted polymer

where x s the amount of
Using this

in the 100 g. of cascin grafy,
formula the value of x tawmount of gratied
polymer) .for test sample was {found to be
18.5185. This agreed well with the figure
obtained from direct yield determination.
The percentage grafting for this figure was
found to be 22.7 or nearly 22%.

The amino-acid composition figures arc
given in  Table I.  ASTM data* for the
composition of casein are also given in the
Tuable for comparison purposes to ascertain
the degree of instrumental and other such
crrors.” For tryptophan, ASTM value was
taken as such. Since the phosphorous and
carbechydrate conlents in cascin are very
low (0 85 and 0.81 respectively) these were

not estimated.**

In Table 2, the compositions of the
control and grafted casein are presented in
milli  moles to. give pgreater insight.
Sccondly, the data for the grafted. cascin
have been recalculated for 122.72to facili-
tate easy comparison between pure casein
and cascin.fgraft on equal protein basis and
arc given in column 4. The amount of the
amino-acids atfcctcdi.‘,('rluring polymerization
was  obtained by si;hslr:wling column 4
total (798 milli moles) from column (3)
total (883 milli moles). This

‘histidine,

‘permang'male,

“henzoic '1c1d "

is about 85°

2gpie T
N
1

milli moles. To these amino acid residues,
the amount of polyacrylonitrile graficd is
22,7, In colligative terms, this is equivalent’
to 429 milli moles.” The average DP there-
fore is 5.0471 or say § approximately.

All the affected amounts of amino acids
cannot certainly he taken as having served
as grafting sites. For, persulfate is in
oxidizing agent and many oxidizers arc
known to affect amino acids like trypto~
phan, methionine and tyrosine even where
they are in reptide linkages.** Casein is
already known to be amongst the simplest
protcins susceptible to attack even by such
large-sized reagents as enzymes.'* As for’
though its imidazole ring is
resistant to such strong oxidizing agenls-
like nitric acid, chromic acid and alkaline
.it has been found to be
readily cleaved by peroxide type oxidizing
agents such as hydrogen peroxide and per
Coming to scrine, phos-
phates are linked to it in cascin. Such cster
linkages are known to undergo B-hydrogen
elimination''* and form dehydro-alanine.
But, this linkage is affected even by acid
hydrolysis.'" So, an equivalent -amount of
serine 'may be assumed to have been lost in
the control cascin also. For that malter,
all losses in-acid hydrolysis in both control
and grafted caseins are also equal when
considered on cqual protein basis as has
been donc above.  Again, that threonine
which is not linked 1o phosphate groups is
also found missing lends credense to the idea
that some of the serinc residues with free

¥

#\Whcn the polymer grafted in 100 g. of caseio gra_fl is x, the amount of casein is (100-x) g

14
Nitrogen contributed (1) by the polymer is ?3— ;

100-x .
4% ¢ - X % N of casein graft

53 100
. . % N of copolymer -
On simplification x = : 0 08
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and 2) b th SC' is I
, € casein 63

X R
A% N of pure casein

Y% of pure casein
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' Composition of

Composition of

Amino acid | the graft the control ASTM data
! casein{100 g. casein used
|
Alanine : 2,63 3.2 3.2
Arginine % 2.48 3.93 4.1
Aspartic acid } 6L 3 7.8 7,1
Cystine | - 0. 465 0.34
Glitamic acic 'I 20.4 25.3 22. 40
Glycine i 0.81 . 1.87 2.0
Histidine l 1.83 2.88 3.1
Isoleucine l 5.14 6. 26 6.1
Leucine i 9.75 9.8 9.2
Lysine I 5. 66 9. 84 .2
Methionine i ‘ 1.8 . 2.4 2.8
Phenyl alanine ! {. 13 .37 5. 00
Profine : 0.4 (.6 0.6
Serine | 3.9 s.9 6,3
'Il"hrenninc-t ! 3.2 4.6 4.1
 Tryptopharn I - - 1.2
Tyrosine i 4.6 5.8 6.3
Valine : 5.86 8. 95 7.2
. - | e )
' 88,19 116 . 035 110 . 04

388
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TabLE ‘2

Amino acid

Alanine
Arginine
Aspartic nc“id '
Cystine
Glutamic acid
Glycine
Histidine
Isoleucine
Leucine
Lvuine
Mctll)inm‘nc
Phenyl alanine
Proline
Serine
Threonine
Tryptophan
Tyrosing

Valine

Test sample
composition in
milli moles/
100 g, of dry
casein

Mol. weight .

Unaflected
amino acids in
122.7 g. of
dry casein
graft

Percentage
affected during

_polymerization

IRy
. 5603

L0026 -

. 9357
L9918
.906(
CSsel
7. 7134
L6951
.. _\(lﬁl.
. 0858
. 5061
. 7819
1370
. 6230
876
L3951

883 . 0102
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36, 2267
17.4725

58.20916

170 . 2034

13. 2372
14 ,4"714‘
48, 0817
74 . 2056
47.5138
14.. 8066
33913
100 . 2312
45 542
32. 9753

798. 5444

%

22, 552%

0%

100,

09,

46 . 8388%

22.0127%
0,

0%

29 . 4081,
7.9524%
%,

[T

18 . 8733

14. 6226y,
3. 82300,

19.6427%°




side chains have served a? grafting sites.
Free radicals from alcohols have also been
obtamcd by oxgdatuqn wutln_-persulfale,

Su. effectively, suffice it if tyrptoph n, histi-
"and tyro«inc arc -l()l.llh

difer *metluomnﬁ
sneglected for th ,. calculatidn of DL The
'data collected oii thése lines are presented
in Table 3. TheZnew DP works out to be

¥

6.33 or ncarly 6. Evep’ thls‘corrcctcd value

is quite low. I

The above evidence is in [favomf of only
the seven amino acids shown in Table3 as
the affected ones. The prescnt observations
arc in line with the general theory of bond-
strengths. The -SH and +N[~[ éroups are
vuloerable and can be easily turned into

free radicals. In the casc|of glycine, the

NH is that of the peptide group LCONH-=-

. Among the -CH groups, the tertiary ~CH
can be expected to be very [weak. 't (the
bond strength being 90 Kcals as ¢ompared
to 94 and 97 Kecals for |seconqary and

primary CH’s respectively)*'.

enough, onl valine scems
g

strangely
to have been aﬂ'cclcd and the rcason for its
’odd bchavlour ‘is. not clcar. Still more
s((angc is’ thc " fact that OH group also
appears 1o hqvc <erved as p gmflmg site,

'Y\ga-«r'm.llly, in respectof hqmolytu reaction.
G- (108 Kcals} is: stron,m than the-CIH

(g,,x 90 to 97 Kcals), grou)"’ Bug, this is so

iy respect of “ap -isolatey molecule, In a

medium, the bond strengli ofa polar bowd
depends upon the diclectric constant of the

“medium. Since OH is 40% ionic according

to Pauling and since water is a highly polar
solvent, it is likely that OM has become

‘weak enough for the hydrogen to be casily

abstracted.®

~ Any grafting usually results by a chain
transfer mechanism, even when the initiator
used has a tendency to promate-homopoly-
merization.  Active centres created on the

protein back bone by such mechanizm

remain immobilized in which condition, the
termination/chain tranfer actions have been

Jn valine, leucine and isoleucine. But, shown to be far less frequent.  Conse-
L i
‘ o !
- TanLe 3
‘ |
R 7‘(‘\1 c. m/u)wlum Unaffected amiho . . o
Aming acid in milli moles/ acidin 122.75 ¢. Affected amino
100 g of dry of dry casein acid amount
“casein graft ¢
Arginine . 22..5603 17.4723 5. X7
Cystine 01,9357, 01 . 9357 0.0
Glycine ‘ 24 .'9001 13. 2372 1. 6629
Lysine 4 67 .i3051 7.5138 1971913
Scrine ’ ) 5611370 45 . 5421 10, 5949
Threonine . = 3816230 2. 9753 5. 6471
Yaline I[ 70 n g 61, 4174 i15. ot}
| 67,7859
| ! ]
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©, ~New York, Vol. 2, p. 865 (1965).

quently, the rate and molecular weight
(or DP for that matter)are higher.™  But,
in the present case, the grafied chains,
have been found to be of low DP (5 or 6).
This may be partly due to the alkaline

medium, which has the cffect of good

' .solvent and partly, it may be caused by the

structural peculiarities of the protcin itself,
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