
t· 

J .. \ 
;~ 

J 

.,..,-.• <: 

,r 

STUDIES ON GRAFTING OF ACRYLONITHILE ONTO CASEIN 

S. KUI.ASH(AHAN. Y. LAKSIIMINARAYANA, S. RAJADURAI, 

K. T. JOSEI'll & M. SANTAI'!'A 

("'lIlm1I,('(/lher !<c,I('{/rch In.Hi·lllte, Mudra.!' 

R-::.-.:ivcd 1111 r,h:t.)hcr 26, 1976. 

Acrylonitrile \\'a~ I!rarted !<.1 casein using persulfate catalyst. Thi~ 
copolymer and pure casein were ~lJb.iected to amino.acid analysis. A 

comparison Ill' the C01l1[Hlsitions of the two substances indicated thal about 
cleven "minn,acid< ", • .'1':: afl'l'l.'tcd. or them. only seven-arginine, cystinc, 
~Iycinc. Iysint'. H" inl:. thl'eolline and \,:;lil1c cmlld he interpreted as having 
served as grafting sitc~" The degree of polymerization (about (1) calculated 
from the degree of grafting (t!l.S) and the amount lo~t or the above 
amino-acid rcsidllc~ was very low. This may be attributed tu -the structural 

peculiarities nr ca~cill, 

Introduction 

In an earlier Cotnt1lltt1ic:ltion,' our 
preliminary findings on grafting acrylics 
onto casein using rersllirate catalyst have 
been reported. In this paper, further 
evidence in suprort t)r the cOVillent binding 
of' acrylics with casein is ptl'senled. 

Experimental 

aJ Materials 

I. Acrylonitrile (AN) from BDII was 
purified hy qandard tlll'liiod. 

2. Casein, potassilltll persulfate and 
Tri-ethanolaminc, /de and Di· .. 
me I h)'1 ('orma III ide (-""Dill ! r\l erd(, 
I ndin). 

3. Sodillm latlr\1 'tllfate. (Ahul''' 
Chemicals, Indi:l) 
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h). 

4. Parachlorometacresol (rrom SISCO 
Cbem. Industries, India). 

5. Methanol (SD's Lab-Chem, [ndus­
tries, I nd ia). 

6. Acetic acid (Reechem Private limi­
ted, India). 

Mellwell' 

I. Preparation of IO,'{. CtJseill .w/ulioll 

Casein (20 g.) was soakcd overnight in 
water (100 mI.). [t was then treated 
gradually with a solution of triethanolamine 
(4 g.) in water (76 mI.) at 60°C :lilt! W;tS 

kept at that temperature ror 2 hrs" to 
obtain a clear solution of casein. pH 7.75.' 

" Pr('{lara I i(//r 
CO{lO /.1'/111' rs 

o ('/'y/o" iI' i I,' 

A t IIree-necked R. B. l1ask (50~) 1111.) fit tcd 
\Vi! Ii a mechanical stirrer, a condenser, a 
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thermometer, a nitri>gen inlet tube and 
two dropping funne:ls was placed in a 
constant· temperature water bath. 10% 
casein solution (200 g.) wa's placed in the 
reaction flask. Nitrogen, was bubbled 
through the solution: throl;Jghout the re­
action. The acrylonitrile monomer (10 g.) 
was I aken in one of the dropping' funnels. 
A mixture_ of potassillm persulfate (0.8 g.) 
and sodium lauryl s~lpbate (0.15 g.) was 
dissolved in water (10 mI.). The catalyst 
emulsifier mixlure w~s taken in the other 
dropping funnel. Th~ temperature of the 
casein solution was kept at 45°C at the start 
of the reaction. Thel monomer :tIld the' 
calalyst were added dio(lwisc into the flask 
~ill1ullaneously ovcr a ~eriod ;)f 10 minutes. 
After Ihc addilion, the contents of (he flask 
were kept at 45°C fqr I hour and then 
raised to 75"C and illaintained at that 
tcmperature for I hour and cooled. The 
resultant polymer solut'ion was obtained as 
pale yellow emulsion \vhich was preserved 
with 0.2";: parachloro mdta-cre501 dissolvnl 
in fIlethanol (5 1111). I 

4. Nitrogen estimation 

% Nitrogen of casein-acrylonitrile co­
polymer was estimated by th~ micro 
Kjcldahl method using selinium dioxide 
catalyst in the usual manner.' The nitro­
gen values for the casein graft and thc pure 
casein were 16 and 14 respectivcly. 

5. Mllisture determinatiolJ 

This was carried out using 5 g. of the 
sample in the Advance Rcscarch Imtru­
mcnts Model M-J Infra - red moisture 
ha lance. 

6. AIIII/IV acid '1IItltY.I'is 

Caseins (100 mg. each) werc hydrolysed 
with (iN HCI in evacuated and sealed tub;:s 
at IUSoC f0r 22 hours. Tile itmilhl-;teid 
analysis was l'arried out 0n the hyJrol)z;!ll; 
tI'ilng Ikekll1:tn rVloJcl 12()C aminC.'-:tl·id 
alia Iyser. 

Hesullsllnd disctlssiun 
3. Srpllf<JliOIl (~( l!olll0l7v1YII/t'r (Illd gr,i(1 

co/ml)'lIIer.I',,1/1 rile IIO/}·"ifJ lull/lilli' 
I The moisture contents of l"OIl\rol C,i~CIII 
I . and grafted cOI\cin were X:t:. and 7'::, 

The polY~ller 50lu (ion !obtail~cd from th~. "'r':spectivcly. Sllll'l~ the samples used r"r 
above experlmenl was tre"ted With excess of lIitrogen c':;tilll<ttion and aminO'- i1l'lll 
10% acetic acid lhereby ~he whole polymcr :tnalyses' were l1(/t prcdried, thc figures 
compollents gvt precipit~t:ed from the bath. obtaincd were recalculated using th l ' corro-
I twas iii I ned allli repcatcd Iy washed wi th pond i ng moist u re conte lit t () gel I he <':01 rl'S-
distilled waler. The rcsiidue aflcr drying ponding ligures on ury h,ISis. 
was tflken in dimethyl forrnamide (300 Il1IJ 
amI shaken intermittent I)! in a shaker for a 
period of 72 hours. The; solvent layer wa's 
separated rrom the -undis~olvell residue. 

I ' ' TIle solvent systelll on cvaporatlllll gave the 
hOIlI()I)Olymer (5 g.). '1:11(' illltlls:"lived 
residue was rcpeated,l:y wa:Shed with water 

'and dried to give' ·the graft copolymers 
(23 g.), 

I . ; 

The corrected· perccllI,ige lIill'ogen valllCS 
or pllre alld grafted caseins werc 15.2 '111l1 

'17.2 rc~pecti\'ely. The pcr~'elltagc nilrl):!l'll 
ill lite grarted cascin is thr: 'Slim 'iotal of Ihe 
cOlltrihutions frllill hilI It Ih.:- plllya\ IY. 

-Ionitrile and casein ami therefore it c( uld 
be apportioned betll'~'cn lhe~l' lwo COll1lh)­

nents or the copolymcr. Conversely; the 

LtiAlltE'H SCIENCE, VUL,' 23. 1976.' 

.\,; 



" .... 

actual amount of grafted polymer could be 
obtained using the forlllula" 

milli moles. To these amino acid residues, 
the amount of polya'crylonitrile grafted is 
22.7. In colligativc terms, this il equivalent 
10429 milli moles.- The :Jverngc DP there:. 
fore is 5.0471 or say 5 approximately. 

x ~.(; N (If the ~11'?~I_IYIIH·.r_ ~~/. N tIl' casein 

O.IOR 

where x is thc amount or ~!rnrll'd polymcr 
ill thc 100 g. or cn'l'i" ~":III. U ... III!! lhi~ 
formula the valut~ or oX (.IIIlOUIII \II" grafted 
polymer) ·,for- test sample wa~ ifound to bc 
18,5185. This agreed well with thc figllre 
ohtain('d from direct yield determination. 
The percentage grafting for this Iigurcwas 
found to be 22.7 or nearly 23%, 

All the affected allJOllnt~ of amino ;Icid~ 
r;lI111ot certainly he taken :.IS having sl'I"l"l:d 

as grafting sitcs. For, persulfatc is all 
oxidizing agenl and many oxidizers arc 
known to affect a III i no acids I ike trypto­
phan, methionine and tyrosine even where 
they are in reptide linkages.··· Casein is 
already known to be amongst the simplest 
proteins susccptible to attack even by such 
large-sized reagents as enzymes." As for 

The amino-acid composition figurcs arc 
~ivell in Table I. AS I'M d:lIa' for the 
Clllllpositioll of casein "rc~ also given ill 'the 
Table fo'r comparison purposes to ascerta.in 
the degree of instrumenfal and other such 
errors. For tryptoph;]n, ASTM valuc was 
takcn as such. Sincc the phosphorolls and 
carlwhydrate cOl1tent~ in casein arc very 
low (0 X5 and 0.81 respcctively) these were 
not cstimated. c., 

In Table 2, the cOmpOSitIOns of the 
control and grafted casein are prcsentcd~n 
milli moles t<? give greater insight. 
Secondly, the data for thc grnf'led cascin 
havc been recalculated for 122.72 to facili­
tate easy comparison bctwecn purc caseiri 
and casein·rgrnft on cqual protein hasis and 
arc ,given in column 4. The amounl of Ihe 
.1111 i no-acids alfectcU~9uri ng polymeriz" I ion 
wa~ obwincd by suhstraci illg COIUIIIII 4 
tOlal (798 rnilli moles) from column (3) 
tOlal (883 milli moks). This is about 85' 

histidine, though its imidazole ring is 
resistant to such strong oxjdizing agcnts. 
like nitric aCid, chromic acid and alkaline 
permanganate,;.,it has heen found to be 
readily cleaved hy pcroxide type oxidil.in¥­
agenls such :is hydrngcn peroxide and per. 

. benzoic acid." Coriling to serine, phos­
phates are linked tu it in c,1sein. Such ester 
linkages are knowll to undergo 8-hyc:lrogclI 
elilllinationJl·'r. and form dehydro-alanine. 
But, this linkage is affected eyen by acid 
hydrolysis. IT So, an equivalent ·amount of 
serine may be assumed to have been losl in' 
the control casein also. For thaI m:llter, 
all losses in -acid hydrolysis in both control 
and grafted caseins arl' al!:o equal when 
l'cons'idcred on equal prnlcin basis a, ha~ 
heell done ahove. Again, that threonille 
wlrich is not linked to phosphate grlluln i~ 
also found missing lends crcdcnse to the idea 
that some of the serine residues with free . 

.. When the polymer grafted in 100 g. of caseio grafl is x. the amount of casein is (ICO-x) g, 

t4" IOO-x 
Nitrogrn cooti'ibutcd (IJ by the poJymer is --; and (2) by tbe casein is --X')(, N of pure casein 
'. ~3 tOO 

J4~ . 100-x .- . 
,. -- + -- X % N of casrlll graft 

5.1 100 

'Yo N of copolymer .. 'x, of ill/.re c:lscin 
On si IllplificQ tion x 0.' 

O. log 
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TAIII,.1l 

~==:Ir.. __ . _ 

Composition 01 Composition 01 
'lie gral' ,fie cOII'rol ASTM data ..,.t, cosein/IOO ,. co.feln IIset!' =--

Amino add 

Alanine 2.63 3.2 3.2 

Arginine 2.48 3. 93 4. I 
',- ,'6; 3 7.8 7, 1 Aspartic acid 

Cystine o .465 0.34 

Glutamic acid: 20.4 25.3 22.40 

Glycine o . 81 I:. 1.87 2. UII 

Histidine 1. 83 2.81l :I. I 
,,' ., 

Isoleucine 5. 14 (;.26 (i .1 

Leucine '9.75 9. ~o OJ _ 2 -.4 .:.-
\ 

Ly~ille S. ,6~ 9.84' M • 1 

J • II 2.4 2.8 . , '. , 

MClhionine 

Phenyl alan inc' ·1 • ,43. ' 50 37 5'.011 
'. 9.4 II. G III . 6 

J . ') " 5 _ ~l 6.3 
''1~ 

"rolillc 
j 

1 
Serinc i 
Threllnine :l .2 

I, 4 . li ", 'I 

Tryptophan I. :! 

Tyros!ne 4.6 S.87 6.3 

Valine S.86 8.95 7.2 

-.-{ 
118. 19 116.0J5 110.04 

, 
.. _-_._---
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,4/11!/IO arid 

Alaninl~ X!I. III 

174 .20 

Aspartic ncid JJ3. 10 

2·10 . 30 

Olulamic acid 147. 10 

Glycine 75. 10 

lIi~ticline 155.20 

Isolellcine 131 • 20 

Lellcine 131 . 20 

146. 20 

Methionine 149.20 

Phenyl alanine 165 . ~(l 

Proline 11.5 • 10 

Seri nc IllS. I() 

Threonine 119. 10' 

Tryptophan 204 .20 

Tyru~in.c PI I. 2 

Valine "7 . 
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TADLIl 2 

Test .folllple 
composilion in 
lIIilli lIIole.fl 
IUO If, of dry 

r.o~eill 

.15 • 'J 1·1'/ 

12 . %0.1 

SR.602(j·· 

01 .9357 

Iii. 9918 

24.9001 

, 
47.71.14 

74. (,9';1 

£'7. ,10.11 

16.0858 

32 . 5061 

38 . 6230 

S. 876 

.12 . 3951 

76. 4304 

lHlJ . ill 02 

I'," 

Unaffected 
an/Ina acids ill 

122.7 g. of 
clry casein 

graft 

.1(, • 2267 

17.4725 

58:0916 

170.2034 

13 . 2372 

l.f .4714 

4R.0817 

74 . 2056 

47. 5138 

14 . 8066 

32. 9il 3 

lOCI. 2312 

45.5421 

32. 9753 

:II • 1566 

61. 474 

798. 5444 

. , " 

.. :: ...... ::.~!:·:~~;;~:;z~f~~;~~ .. 

PerrCnlOI!C 
o.fft!Clcti Juri"!! 

. polymerizoN(J1I 

22. 552% 

0% 

10Cl% 

0% 

46.8388% 

22 . 0127'1, 

7 . 9524'X 

"',:. 

1 R • R7JJ~. 

14. 62U,,, 

3 • /l2.'(J·~. 

19.6427% . 

1~ 'J 
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aide chain~ have served a~ grafling sitl!!i. strangely enough, only valinc seems 
free 'radicals frPJIl alcohpls havc also been to have been affected and the rcason for its 
Qbtainc4 bY·f.!xjd~tjQO.·!oVith':'-p~rsulf~tc:.~I.· odd· behaviour'is not clear. Stiil more 
~ll'!,eff.e~liveIY, Spffl9C: H. irl~m~pph,a-", I~!sii~ sirange,'j;:"thc .•.. fac:tihat'Ot{ group also 
9il1~~'ihie'(Jliq"llin~, .and~~.Jyrolln}ai!rc,.to!iIHY :lIi'pt!ar~ tp h,,;\ic ~erve.d~s iI grafting site, 

tJ'leg'JeCtcd 'foriil~\~ talcui:iti6n 'of D1<' -rh~"~'r1'1':\'IIY,in ~'~~r'~el'~)r Il~~;~()iyiic 'reactillil. 
. ~~ta collecte~ oE these lin~s arc ,presented· ciTI' (IQ~' .Kc<lls) is· stronf(~r lhan Ihe-C1 r 
in Tnhle 3. ThAoew DP works Qut to be (Q 90 to 97Kc~ls). groHI~; ~ul, this is so 

6.33 or nearly 6.Evep'lhislco·rrc~tcd valpe iii' respect of :anisolatctl rnolccllle, In 11 

is quite low. I· . medium, the bond strenglil 1)l"'a polar 111.111.1 

I ~. depends upon Ihe dielectric coilslalll or the 
The' ~b~ve evidence is in lavou~ of only' medium. Since OH is 40'.~'~ iOllic :ICCordlllg 

the seven l1mino acids shown in Table 3 as 10 Pauling and since water is a highly pol:lr 
the afTcctcd ones. The pres~nt observations solve:nt, it is likely that 011 has ilCCUIIlL: 

arc in linc with the general iheory'of bond-weak enough for the hydrogen to be easily 

strengths. The - SH and t NH ~roups arc abstracted;" 
vulnerable and can be easilv turned into 
free radicals. In .the casel~f glycine, the 
NH is that of the peptide grotl[1 !'CONH-;' 

. Among the -CH groups, tihe tertiary -CH 
can he expected to be.vcry Iwe"k ..... '· (the 
bond strenglh being 90 Kca!ls ascompafecl 

I 
to 94 and 97 Kcals for secondary and 
primary CH's respectively)". I Th is is presen t 
ill valine, leucine and isbleucihe. But, 

0> I ,.. I 

Any grafting usually results by a ch;,in 
transfer mechanism, even whrn the initiator 
used has a tendcncy to promote' hOIl1 Cl poly­
llleri7.ation. Aclivc cenlres n..:alnl 1111 I he 
protein back bone by slIch meeh:lni:;m 
remain immobilized in which condition, the 
termination/chain tranfer actions have .b.:cl1 
shown to be far less frl'qu·:nl. Come·-

I 
TAIlLIi ~ 

. " 
Am;,,':' IIdd 

Arginine .. 
Cystine 

Glycill<' 

Lysine 

Serine 

Thr(oninf.' 

., 
T,'.q .c: .. /J/{'l)siliOIl 
lill mil/( lI1o/e,rl 

I J(~o K ·i. () [ d,..v 
('lI S('/II 

22 . 560.~ . , 

01 • 9357 .. 

I 

24.:9001 

67.1)051 

!. 56. i 1370 

i 38 ,i6230 

76. ,1 1111 

" 

UI/affected alllillo 
Beidlll 122.75/!. 

of dry ('asci" 
Krafl 

17 , 4723 

OJ . 9357 

D.2372 

47. 5J3R 

45 . 5421 

32 • 9753 

61 , 417·1 

. AfTee/eel amino 
aciel alllOIl,,1 . 

5 , OX7X 

0.0 

II .602') 

. 19 . 791 ~ 

10.5':/4':/ 

5 , tl477 

15. 01.' 

67. nSf} 
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qUC.'Il! I)" thc rate <lllll mulecular weight 
(or 01' for thaI llHlller):arc higher. 1I nUl, 

ill Ihe present case, the grarced chains, 
have been fuund .to be of low 01' ~5 or 6). 
Thi~ may be partly due to the alkaline 
medium, which has the cfTl'cl of good 

~solvellt and parrly, it lIlay be c;llI~ed hy the 

~truGlural peclItiarities of Ihe pII)I('il1 il,df. 
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