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PR | ABSTRACT = = f;x; "
Célcium caseihate, ag- case1n, 8- case1n and «-casein vere prélu
pared by stundard metheds and each Protein. fractlon treated with renn1n;
f tryps1n lysozyme and a- g]ucos1dase. In a]] exper1ments the proteins
were treated with the enZymes at pH 6. 3 and 1ncubated for’ one hour at
30°C. Visual observat1on of the effects shoved that the»enzymes 1nduced
c]ott1ng or prec1p1tat1ng of some ofkthe proteIn fractlons Sod1um o
dodecy] su]phate po]yacry]amlde gel electrophore31s revealed e&511y re-u‘
‘; cognized monomer bands of the casein fract1ons and ‘the’ degradat1on |
products of enZymeixi1on Trypsin had a drastxc effect on all fract1ons,
rennin showed a s]1ght effect on ca]c1hw case1nate a marPed proteolyt1c
effect on k-casein aqd a less severe effect on ag~ and B~ cQ§e1ns.
Aggregatlon of rennln treated “ag—Casein was found also para-«- ca<e1n
frOm rennin created «-casein was high]y aggregated. . The only detected
} effect ST Iysozyme was aqgregat1on of o -caseln R~ g1ucos1dase caJsod-
\Hegxudat1on of as-casein and s]lght degradat1on of 2~ and xﬁcaseln,
| aggregaticn of «-casein and its products ‘and of calcium caseunate vias
.ffadhd. | )
Analysis of the tr1ch]oracet1c ac1d so]uble nrtrogen from the
. enzyne treated Ca<*1n ircctlons endorsed the gel e]ectropnore315 results.

?‘After rann1n treatmont of \—CBSEIH and ~-g]uc051dase treatwent of ag~

case; nrmagor amounts of tr1chloracet.c acid so]ub]e nltrogen was - found

. *he boand or ascoc1ated carboh-'d"atec of the casein fract1ons were

analyzed aftgr HVﬂrOI)SIJ and ocr1vatlzat1on by gas chromatography hi/
e"vdnnce to sup; ~rt the 4P~~ry'that the carbohydrates were removed by

,-g]yao}yu1c‘c zyti2s could be feund.



AC KNO‘./!LEDGEMENTS

I wish to thank Dr.- .- Holfe ﬁhy supervisor, for his d1rect1on ,V:

and encouragement during the course of th1s study 1 am gratefu] for

the techn1ca] ass1stance of Ron Currie in some ‘of the exper1mental work

F1nanc1a1 support from the»Unlver51ty of A]berta in the form of
four Graduate Teachlng A551stantsh1ps and three InterSESSlon Bursar1es '

was. apprec1ated



1L
© It

I1I.

| YABLE OF CONTENTS 3
' h : Page
INTRODUCTION .. eese s iie s cee e s de e e |
MATERIALS AND METHODS .....:. T PR £
A. General considerations ...........00. . i .. Lol . 13
B. Preparatidh'onCasein.Fractions'..f; .......... ;""‘t:',‘ 16
o Preparation of Acid Precipitated Casein .. juennn-.. T
2. ,ﬁrepdratioh of ag-casein ’;P.}.L...;,..........;J,;, 16 .
'3;,_Préparat10ﬁ of 2 case1n,.;.;...;.,iy ....... P | 17
4."Préparation'of k-casein ........ ‘”;;.:ﬁ.;;........;, 18 .
5.° Prébaratibn of Ca]cidﬁséﬁkeinate ..;;.....,....;,.._ 18
€. -Test for Proteo]yf1c Act1v1ty of Lysozyme and ' -
, —-g]ucosmase,...;‘....T ............. Ll }L.Lf.;; 19
D. Polyacrylamide Ge]‘E1ectrophore51$ 19
E. Preparat1o of Trlch]oracet1c Ac1 t .
. from Case1§s | _ e 20
F. Determ1nat1on of 0rgan1c Nltroge_ 21
1. KJeldah1 Digestion R | 2
2. Steam D1st111at1on and T1t1atrop ..... rreriiea.. 22
-3.' Determ1nat1on of Ammonia using Ammonia Electrode ... 22
G. Gas Chrowatographlc Dete*mlnatxon of Carbohydrates cee., B3
1. Preparat1on of Tr]methy1s11y1 Carbohydrate -
Derivatives ........ S . e, . 23
- 2. Gas Chromatography ..:..? ....... }..L;...........;.f_ .24
H.-‘U1trafi1trat§on}offpfotein;_.,..;f, ..... crevrgeaeeaae, 25
RESULTS ..,...;.ﬂ.;.;,...:....l.,.....;;...;;; ....... e 26 .
A. Visual’ Effects .:};;;.....;{;.;.;,}Q; ..... e ene cieve.. 26
B. Proteo]yt1c Activity 6f'Lysozyﬁe aﬁd'a~giucosidase cees ?5.

2 s //’)' o ’



IV

v.

'”1trat1on

|

>

4
i

F. N]trogen So]ub]e in Tr1ch10racet1c Ac1d

| G. Gas Chromatography

.1.‘ Standards

2 Carbohydrate Contam1ﬁat

3. SG\3<Chn\matography of ¥iltered Products of

_Treated Case1ns

.

B

B

'-casein

.ectﬁonhores1s,

."..»-............-u.....-.-..-.-~»..-¢ao.~

Salclug Caselncte'

-‘:.

-

Ca11brat1on for Mo]ecu]ar Weight

E ectrgphores1s of Caseins after Enzyme Treetment

.-.-o-.----.-.--c-.~.uoo-...--.~~.-v-r—--

L T T N

AN

-

/

-o-oo-c..-----/vo---------o--o

e R I I IR AC A PN

1

‘foﬁwﬁilferedrFfactiOns e

+

.

......-.....‘.'.....\.\...-.......

AN

/~’

<

.
-..--o-.o..-..-.-n-'.c-.o--o--.-.

ion of Erzymes .....

..o--..--.o-c.~.---o...-.-.

4. ol- and G-caseins ..

]

:-6, Ca]c1um CaceInate .;.

DISCUSSION

© REFERENCES e

" e e s v e 0 et ot anoen

"A.j Discussion of Hethods .o

B. ~Dlscu5510n of Resu]ts Pes

LI S

s v e demen s

* s e s s e e et an

* e e e 008 saean

p

C e,

Pl

LR )

L A

L I R R R N N N RN

B

.

.

)

L A N
:

LU KN

LN B

L A

s a0y,

LI N ]

.
® aa ey

P R S
f

v oo ssaaq

v o 0.

Enzyme

veevsera

Ve wwoeos

sy e

o

29

29

32

33
33
35
53
53
54
55
56
84
89

- 89

93



D Page-
4 R )

| A?PEﬁDéX I. Probable structure of trisaccharide in g-casein .. 119
R APPENDIX Irfjbhawcrth formu!ag_for.the ring structures of S
T Lo , - D-galactese .. 0. ..., P, eedeeanade.. 120

" APPENDIX I1I. Trimeshylsilyl derivative of sialic acid ..........12]

- a APPENDIX 1V. Typical chromatogram of trimethylsilyl cafbohyd?atef

derivatives of x-casein .......................... 122~
BRI APPENDIX V. Descfiption of enzymestSéd in this study ........ 123 o
e
":\;\ \»A}_»\‘ .



¥

Table IL

f

Table 2.

Table 3.
. Table ‘4.

‘ Tabie‘S.
\lTable 6.
~Table 7.

Table 8. '

LIST QF TABLES

2

Visual effects .of enzyme treatment on case1n -
fractions _......_.. PP B et e e it i,

Ontwcal density of TCA soluble pept1de so]ut1on after

enzyme , tréatment oF hemog]ob1n ...;.., ........... e

Standard prote1ns used in SDS ge] e]ectrophores1s e

-

Cormparison of n1trogen Found by t1tratlon -and electroda

‘ methods ......... ,..,....., ................ peveenaa,

Amount of nitrogen Soluble in Zb tr1ch10racet1c aC1d

'after treatment of prote1nsy..., ................... oo

Amount of nitrogen so]uble an 12% tr1ch]oracet1c ‘acid
after enzyme treatment of pro§e1ns T T P -

Relat1ve retentlon t1mes and re1at1ve molar response
of standard carbohydrate deriv t1ves P even

Carbohydrates Found in »¢case1n, carbohydrate/analys1s
of filtered frqct1ons from rennin treated «- caseln S

Page"
27

28

35

86

87

98



LIST OF FIGURES . | r

I“_ \ .KJ “‘j} Page

Calibration graph fodr. mo]ecu]ar welght estlmatrons in

f1]tered samples

45

64

v SDS gel electrophores1s ............................. 31
Figure 2. SDS e]ectrophoreograms‘of enzyme treated ag—casein .. 37
-Figure 3. SDS e]ectrophoreograms of eniyme treated ag-casein
) - (purer preparation)-................ ettt 39
. . - ‘ “~ . . ' .
’fFigure 4. SDS electrophoreograms of Enzyme treatedne-casein”;f. 41.
Figure 5.  SDS e]eCtrophdreograms of enzyme'treated g~casein "
' * (purer preparation) .................. ... .43
- Figure 6. SDSIe]ettrophoreogramﬁ of enzyme treated k-casein. ...
. N Lo &
Figure 7. " SDS e]ectrophoreograms of enzyme treated k-cdsein )
. (purer preparation) A S P a7 -
Figure 8. SDS ectrophoreograms of enzyme treated ca1c1um ;'
i casginate ............. e iicteaeiiei e oo, 49
Figure 9. SDS- e]ectrophoreograms of enzyme treated ca1c1um
- . caseinate ....... et P U A -8
Q\'Figure_]O, Dlagram of the or1g1n of samp]es 1n Flgures 11 23 eee _54
Figure 11.-9DS e]ectrophoreograms of control and rennin treated
' - oag-casein, filtered samles .. .. ...l - 38
: Figure 12.. SDS electrophoreograms of ]ysozyme treated ag-casein,
.. filtered samples .....,.,.....................t ...... . 60
-FigUre313,“SDS electrophoreograms of B—glucos1dase treated
- os-casein, filtered samples ...l 62
) 'Figure 14, SDS electrophoreograms of contro] B- case1n flltered
o . samples R R DL TR bt e anan el B :
'eFigure 15. SDS e1ectr0phoreograms of rennin treated B~ CH§EID, .
filtered sanples ........................... peeareians 66
Figure 16. SDS electrophoreograms of ]ysozyme tr ated R~ case1n, , N
. filtered samples ..;......,........ et e . 68
“Figurei]7. SDS e]ectronhOreograms of g- q]ucos1dase treated '
- g=casein, filtered samples .................... il 70



. ‘ o . g Paca

| - '
© Figure 18. 5DS. e]ectrophoreograms of control and rennin trpa*ed e
: x~casein, filtered samples e -, 72
' .Figure 19, $DS elpctrorhoreograms of. 1vsozvmo and £-glucosidase
treated v-casein, f11tered samplesv......., ......... 74
Figure ZQR. SDS e1e‘f?6$horeograms of contro] ca]c1um case1nate,
. f11zgped'samples R ,u,..ﬁ.,.,:;.. 76
| Figure 21. $SDS g}éctronhoreograns of rennin treated ¢ m
Co caseinate, filtered sanples ..... / ....... Sl 78
Fighre 22. DS e]ectrophoreograms of 1ysoz;me treated ca]c1wm ..ﬂ' .
ca5e1nate Filtered samp1es ..... S S
. \ s
_Figure 23. 9$DS e]ectrophoreograms of z-~glucosidase treaued o
| calcium caseinate, filtered samples .... e .., 8
Figure,24, _H1stograms of trichloracetic acid so]ub1e n1trogen |
from rennin and é?y$< cosidase treated caseins ...... . 88
Figure 25. Formation of trimethylsilyl der1vat1ves’¥Lom
- 8-lactose N i et 92
Figure Zq.' Dlagram of the uzvgin of . samp]es for(;;rboh}drate
analysi D R PP Cetevecnnnns ... -95ﬂ
: o . »




b : . |
; f“\ “\\ S o . : : L

I INTDODUCTION RO e T

The use of milk and mllk products as a source of food ‘has been :

reeorded in histcry as long ago as 200C B.C. In Nortn AmerIC@ w2 gen-

era]ly assome the source of m11k to be bov1ne but in other countr1es the

na1n source may be from 2 variety of mamma1s 1nc]ud1ng goats, sheep and

o

: yaks, he source be1ng dlctated by trad1t10n c]lmate and terrain. In
: ‘ ) :
tnls d1>sertat1on all camments, resu]ts and d.scussron of ml]k protelns g

refer te DOV1ne milk. R1]k is a rich source of prote1ns, fats, certayn

'carbohydrates v1tam1ns, ca]c1um, ph05phorus and mlnerals Slnce m1|k

is 1ntend0d to be the only source of nour1shment to the calf for the _

NI
20

first fea weeks of its Tife .the comp051t1on must be adequate to’ sustawn \i‘ﬁ
life and maIntaln growth Nan has taken advantage of this fact and ’
: ut1]1zed mxlk as an almost comp]ete source of nour1shment w1th sl1ght
'mod1f1cat1ons eg. t@g reductlon of the fat content cows m11k is used

ﬁ'as a subst1tute for hiuman m11k 1n the dlet of the young.

. Bulk f1u1d ray m1lk has the fo]low1ng typqca] gross analysrs

for 100 gm (Watt and Yerrini, 1963)

Water | 878 gm Calcium .~ 18 . myg
Protein L 3.5 gm }Phosbhorus 93 ‘mg
" Fat ~3.5gm  -Iron ¢ ? . Trace , : '
Carbohydrate 4.9 gm . ‘Sodium . - 80 mg
Ash - v 0.7 gm " Potassium 144 'mg
f Vitamin A 140-  I.U.
‘ o Thiamine - 0.03 mg ~
- o , - Riboflavin 0.17 mg
. o ' Niacin 0.1 mg
S o _ ‘Ascorbic Acid 1 "mg - i

i
"The comp051t1on may vary accord1ng to such factors as breed, stage of

L;1actat1on frequency of m11k1ng, season and cl1mate but in a hea]thy
o herd the ana1y51s of a bulv samnle fhould be close to t*e example

quoted above.

PRI



,cotfage cheese, yogurt gpﬁ skjm mllk have a horf shelf 11fe The c@m~

) R . . . .
e ~ X o e )
~ ~ N . s - “- .
. 2 . - B
a.

v .
N]thout refr1gerat1on sueh ﬁa]ry proauets a) i} k, rroam, butter,

&

monvaOd‘prOCESEJQg technlques, such’ as dryrng"PTFeez1ng, homogen171ng,. _
N . o & ’ s ) -é.‘"; .

. pasteurlz1ng, ster111z1nq c nnlng and the ut111zat10n of 5peo1a11zed

*%)‘
N “

o s 11ke soft Jelly and when

: {
,ﬁ'adJusted to the requ1rod prote1n to fat rat1o by the add1tlon of sk1m

‘mllk or cream, is put intw.a Staln]eSS steel vat and q¥;iemperature NS

| frame strung w1th flne w1res wh1ch is drawn~threugh the coagulum‘ The

v whey, which includes the a1bum1ns and g]obu11ns lactose, lactic acid

:,.due to rennln and enzymc lnherent in the m11k or by the SUbSLOUent -ﬂ;i;,. S

5

:paik*21ng techn1ques, have een appl1ed to m11k and m11k products to
'1ncrease the keep1ng qualities. Cheese is ? h?ghly corcentrated m1lk

prote1n product where certa1ﬁrprote1ns have bcen conceﬁtfﬁ*ed by an -

I

!
1n1t1a] c]ott1ng process In cheese the protelns are 90511/ preserv%d

i

c_ .

for. extended per1ods and also form a- food wﬂih a h1gh~nutr1§rx£“Value

In all cheese and cottage chease mﬁnufactur1ng processes, the m1]k is
k'3

tzspted w1th the cnzyme renn1n or a suitable subst1tute, to~form a

it

"curd a bacter1a1 stqrtcr culture is added to eonvert lactose 13 1act1c

ac1d wh]ch a1ds the coagu]at1on process n : ‘ .b.e ~”a

.® . C- . c

In a typ1ca1 cheese manurefturln" pvocess tha pacteur1z°d mlik
Q\

LR A

r&1sed\to about 30°C After the add1t1on ofn\enn1n and/or: substxtute
and the bacter1a1 Sstarter c Tture, coagu]atxon proceeds. The coagu]um ‘

1rm enough is cut 1nto small cubes us1ng a

[N !

'f.and water dra1ns*from the- coagulum leav1ng the coagu]ated caee1n pro-

te1ns behind. The udd1t10n of salt to the dra1ned curd’ acts as 3 pre—,

servat1ve, flavor. enhancer and reduces syneres1s The curd is pressed_

{Jnto blocks and’ then kept in temperature and humbd1ty contro]]ed rooms -

G

where aging takes- place The ag1ng pro&ess deveprs the flavor ané aroma

'of the Chéese by the cont1nued act1on of the starter cu]ture proLeo1y_1s

“w S NDINEN

\ . B ’ [ . u

- . . n



action of molds. - . e Rt
o The phote1ns in milk, may be d1v1ded lntgﬁtwo classes the case1ns
and the whey prote]ns The whey protelns are those whlch remain in splu-
tlon)after the remova] of case1ns by prec1p1tat1on or c?ottlng, the maln
whey prote1ns are the a]bum1ns and g]6bu11ns The casein proteins are
in a col]o1da1 comp]ex 1n the-natural state, often referred'to as m1ce1]es‘
~in assoc1at10n with soluble and co]]o1da] ca1c1um and phosphate In some,
of the earliest e]ect;ophoret1ctana1yses of the m1ce]19fﬂ%otg1ns it was
found that there were at least. three sub classes of proteins. ;;Nthe
- micelle (He]]ander 1939) These proteins, separatedjh; moving boundary
.‘electrophores1s at pH 8.6, were des1gnated a-, B- and y- case1ns ln order |
of decreasing mob1]1ty In fract10nat1ng procedures deve]qped 1ater it
was estab]1shed that a- case1n was a comp]ex of tw separate caseins (von
H\ppe] and Waugh 1955; waugh and an Hippel, 1956) These fractions
are now des1gnated s~case1n and «-casein; °s caseln beIng so]uble 1n
aqueous solution in the,presence of sod1um or potas51um 1ons but prec1-
_'p1tated in the presence~of ca]c1um 1ons, and K~ case1n belng soluble in

’ water and. not affected by calcium 1ons More ref1ned anaTyt1cal methods
'y /

.and fractlonat1ng procedures have revea]ed that ag=s 8-, y~ and x—caseﬂns _

can each be further subd1v1ded 1nto spec1f1c genet1c types. The'very

'subtle d1fferences in prlmary and. §%cqndary vy Vure c the protelns are
Q
breed spec1f1c and the ana]ys1s of these L&SEdnS has now been achleved

- g1v1ng the amino ac1d ;omp051t1on of the caseln fract1ons part1a1

'vsequence of am1no a 1ds in as » B-, x- and y—caselns. and comp]ete

"sequence ana1y51s - g-casein A2 (Rlbadeau Dunas et a] s 1972)

: Mo]ecular we1ght stud1ns on the 1nd1v1dua1 protelns have given

‘ quite a wlde\range of results (waugh 1971) The generally accepted -

o : : ©



value for as—casein is 27 QDO da]tons, for g-casein 24,000 daltons, both

. va]ues derived by phy51ca1 methowm determination of the mo]ecular;

welght of v-case1n where the sulghydry] groups have been reduced has
glven a value of 21,000 daltons The reporfed values of the molecular.

¥e1ght of y-casein show marked var1at1on accord1ng to the variant,

- 22,000 daltons for vy- caseln A3 -and ?5 000 daltons. for Y- casein Al (Groves

&nd Townend, 1970) The case1n prote1ns in milk exist. in association
w1th each other forming' roughly spher1ca1 agg]cﬁerat1ons or micelles,

Lhe mlce]les are thought to be a Sponge 11ke structure ip.colloidal

%

suspens1on but many theor1es ex1st as to th actual structure itself.

The estlmated relative abundance by weight of the casein proteins is

40; ag-, 35% - and 15% <—casein; the'balance.being'minor proteins which

. <
includes Yrcasein, y-Casein s now considered to be very similar to

3~ caseln w1th similar pr1mary sorUcture except that it 1acksﬁﬂ§§:f 28

B amlno acwd re51dues from the C- term\na1 end found in .- caso1n (Gordon et _

al., 1972 Groves etval., 1972). The re]at1ve amounts of ag-; B~ and

',n—case1ns has beeh shown to vy wwth the s1zeapf the m1ce11e (Su111van

et al. 1959 Rose 1965) bu: in the proposed models of case1n m1ce]1es
prcv1ou=]y mentwoned ‘proportions are used. o ,,' &*\e-
: . TTTex

i

var1ous node]s have been proposed five of- thesé are frequently quoted

(Morr 19673 Parry and Carro] 1969; Rose, 1969; waugh et al., 19705 and

"Garnter and R}badeau Dunas, 1970), and recontly another model has been

welghts of the component prote1ns and their re.at1ve abundance togother

fw1th other ana1yt1ca1 data, including phosphate and calcwun content ;

i

In an effort to exp]ain thelcharacteristics of the casein micelTe_

pub]wshed (S]atteriy and EVard 1973) Taxlng into account the no1ecu1ar
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effectgaof ptoteo]yt1c enzymes the chemical and phys1ca1 propert1 S of v

-~

the’ cgnponent prote1ns, attempts have been made to piopose modeis which
flt/%ho known data. Morr (1967) proposed that sma]] 'sub units, consist-
ing of aggregates>of ag~ and g- case1n forming an 1nner core with an ag-~
and «- caseln comp]ex form1ng the outer ]ayer were 11nked togetrer by
ca1c1um and coiloidal calcium phosphate- c1trate bridges between exposad
casein c%erxyl and phosphose:}ne groups, to form a rough]y Spherlcal
_Amlcelle Waugh et al. (]970) haVe\proposed that the core po]ymers are
. made up of as and g- case1n monomers, arranged in a rad1al conf1guratxon,“
‘.,w1th the more acidic port1on of the monomers . thng nearer the t1rcuwfer-
‘ence of the rosette type structure._ Garnier and Ribadeau Dumas (]970)
*proposed a modelhwh1ch would account for the permeab1]1ty of the mlcelle
~‘,to high mo1ecu1ar weIght reagents and the uniform d1str1but10n of the
: constltuent prdte1n’monomers ' The model envisaged a_three—dlmens1ona1
network with trimers of‘x—case1n-at‘the @bdes and{copklymershof ug- and
g-casein branching from them,_ Rose (1969) .has proposed a rather less
-rigid three-dimensional model which.takes‘into account the predominant
association of as-casein with -casein and include$ calcium phosphate -
’jlnto}the micelle structure. The R~ cas‘ﬁn is polymerized end to end and -
f'one end of the as-case1n is attached to- the B~ case1h thrcad,, r-"aSCID
| is attached to the free end of the ag-casein. The structure is randomly
c011ed w1th ca]cwum apat1te chains 11nk1ng the prote1ns stab11121ng the
- structure Parry and Carro]l (1969) have proposed a structure w1th a:
| k-casein core and polymers of ag- and g-casein 11nked together by calcium
_phosphate, sma11er aggregates were env1saged in the serum hav1ng the\SQ:e

x=CaseIn core but much ]ess o= and g-casein assoc1ated with 1t Th1s

.model" has been cr1t1c1zed by Fox and Morrwssep\?T972) who po1nted out

L4
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: that the centrlfugat10n methods used d1d not taPe into account the dily- |

t10n factors lnvolved wh1£h distorts some of the data.usced 1n censtruc- -
tlng thls model. A made proposed by S]attery and Evard (1973) takes
lnto account many of the factors which ave known about the micelle in- K

/
c]udlng the _higher percentage of r«case1n in smST] micelles and 1ts pre—

domlnance on the outer coat. They prgpose that: spher1ca1 micelle subunits

are made of ag-~,. e- ard A~case1n with nonun1form distribution of “- case1n

' 9]V1 g a hydrophlllc area on’the surface of tha subunit. The rest of

@~

the subunit area wou]d be predor1nantly hydrophobic with ra1c1um b1nd1ng
decreasing the charge on the prote]n phosphates. Hydrophob1c 1nteract1ons
vould tend to al1gn the subun1ts with hydrophilic areas rad1a]]y outward
Other theorIes proposed in th1s model regard1ng micelle s1ze and the

effect of calc1um 1ons further endorses the cred1b1¥wty of this proposal.

The est1mates of the dlameter of the miceile vary cons1oerablj bun the

-~

.average, as determ1ned by eﬂectron microscopy, has been estimated to be

500 850 angstroms (Carro]] et al., 1968); by 1ne1ast1c 11ght scatter1ng,

using a ]aser the average d1ameter was found to be 800 angstroms

t . -

(Lin et al.. wn). B v o | .

Fluid sklm milk is a stable colloidal suspension of the consti-

. tUent protelns and salts destabrIIZataon by such agents as alcohol,

acwds, heat or proteo!ytlc enzymes reduces the so]ub1]1ty of the prote1ns

\

Destab1]1zat10n 1nc]udes the Eerms coagu1at10n, c]ott;if;fr'prec1p1tat1on
2

and means that the protelns are no longer in a‘colloidal suSpens1on the -

1ntegr1ty of the mrcelle has een dryru;\ed and in the case of proteolysws

'sone of the protelns have been hydro}yzcd to.Some extent

Hljh alkl the untertainties of the structure of the micelle it is

aws
& . N TR

(

—
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not‘surprising that the mechanish of-destabiliiation s not fully under—
.stood'either + The Towering of the pH to the iscelectric point of the mi-

Rce]]e causes destabilization of the comples whuch/cen be reversed by ,
Ara151ng the pH Since the discovery of <—case1n its effect on the
stability of the micelle has been the subject of lntense 1nvest1gat1on

" (Mackinlay ard-Wake, 1971). a-casein be1ng a comp]ex of as= and K-case1n
' jis.stab]e in the presence of calcium. . With the add1t1on of calc1um to
“\m1xtures of pur1f1ed ag- and «-caseins under certain conditions, mxcel]e d
formation takes place between theSe two prote1ns (Noble and Waugh, 1965;
Waugh and Noble 1965) .  Zittle and Ha]ter (1963) ‘showed that K-case1n

stabilizes 3—case1n aga1nst calcium prec1p1tat1on at 30°C Even though

x~casein is much le5s abundant ‘than ag~ or ~-case1n the Wealth of
research 1nd1cated that 1t ‘was the key to the stab1]1ty of the m1ce]1e.
'Haugh and von Hlppel (]956) showed that <~case1n undergoes rap1d time
dependent prec1p1tat10n when treated w1th rennin. ’

| " Rennin is a proteo]yt1c enzyme extracted from the fourth stomach
of the‘ca]f. Berrldge (1945) showed that the act1v1ty of renain on
"denatured hemoglobin was greatestvatva 3‘8 and has no activity at all

at pH 5.0, However fresh raw milk has a pH of 6.6 and the c]ott1ng
'act1on of rennin s fast dependent upon the reduction of the pH by

- the action of added starter cu]tures and’the consequent productwon of
lactic-acid. The act1on of renn1n on the micelle or - on «-casein 1ncreases
thevamount of so]ub] 0rgan1c nltrogen at pH 4 7 (Beeby and Nltschmann,} L
, 1963) In the case of n—case1n the prec1p1tate formed after rennin =, B

treatment in the presenCe of calcium lons is called para-p-case1n the

so]ub]e product is called “the macropeptlde. In,12% trich]oracetic acid
. . : )
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one-third of the soluble product remains in solution, thié’portion con- -
tains attached'carbnhydrateé and is termed the macrngiycopeptfde
(Mitschmann and Beeby, 1960). | K=~ casein is the eniy najor‘nicelTar'pro—
te]n known to conta1n a s1gn1f|cant amount of bound carbohydrate Tre

-carbohydrate portlon is near C te.m1na] end of the'protein, a trisaccha-

‘ ride be1ng attached by an 0- g]yc051d1c 1inkage to a serine res1due the

tr1sacchar1de is composed of N- acetylneuram1n1c acid (term1na]) D-
ga1actose and\D galactosanine (Joiles et al. 1962 Jolles et al., f964‘
Huang et al., 1964; Baker and Huang, 1967) t 13 “the prcsence of thcse“
carbohydrates, g1v1ng a highly hydroph111c character to the C-terminal

end of the \ \\case1n mo]ecu]e that is thought to contrlbute to tht

'stabilizing ability of the prote1n It is th]S prote1n which is much

more susceptlble to rennin attack than ag~ or a-casein. The $oluble
.macropeptlde and macrog]yce ept1de, once removedéfppm th& micelle, would

reduce the h droph111c1ty of the comp]ex and thus, permit c1ott1ng or

in the presence of the bound ca]cxu@ and,phosphate; this
theory is in Tuded in the nodels of the micelle. Tt was'not’until the‘
pub11cat10n of work by Delfour et al. (3965), that the specificity of-
the ‘initia rennin action was c]ear]y demdnstrated - Some very elegant
‘analytlcal work revea]ed that rennln flrst attacks a pheny]a]anlne—
meth1on1n bond 1n <—case1n giving r1$e to the two fragments, para K=
case1n a d the macrog]ycopept1de Hi1l (1968) work1ng wrth synthet1c ‘
pept1de N suggested that the sens1t1v1ty of the phen]ya]anlne meth10n1ne
bond t .renn1n attack was probably due to the cata]ytac role of a nearby

s1de cha}ns As the pH is’

. reduced in the vat durlnq cheese manuf cture rennin acts 3s a non- soec1f1c
- :
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proteolytwc enzyme but 1ts initial action is? the key to micelle de-

T .
stabilization and curd format1on / _ - '_v‘(f\
_ ) o '

"The overa11'mj]k4c1otting reaction can be summarized in the

1

following manner (Garnier, 1963): | 7' o .
_ Ca++ : o o ‘,f., ’b . . . - :
Micelles ——» soluble ag-«-g-casein complex . ‘ )
ISo]uble ag-K- 8-case1n complex Egﬂﬂlﬂ»soiub1e ag- para-( B~ case1n
complex + macrog]ycopeptlde S F? L (2)
L S _ Catt - ‘ S
So]uble ds-para~Kf§—case1n ‘complex ~ﬁ—*rc0agulum : .. {3)

Though re]at1ve]y lTittle attent1on has been paid to the act1on of renef//f
on ag- and g-caseins,. Ledford et al. (1968) reported the effects of ren-h
- pet extgact on ag=, B~ and who]e casein' They found that as-caseln W s

~

attacked rore read11y than B case1n, the proteo:vsxs of both being much

faster in s11ght]y acidic ¢ nd1t1ons (pH 6 0) The proteoly51s of the
fract1ons was a]so faster ‘han in mxce11ar form 1nd1cat1ng the 1nh1b1-
tory effect of the m]CEI]\a_ ucture to proteolys1s Creamer et a]
‘(1971) showed that g-casein when treated w1th rennin gave three degrada-
t1on products, these appeared 1n succession w1th respect to: t1me. Tt'
~was shown that three bonds 1n B- case1n merefapprec1ably more susceptlble
- 1o proteolys1s than others and were 1ocated towards the C- tern1na1 end

of th?protem

The 1ncrease in the world product1on of cheese has been matched
b%,the 1ncrease in yle]d of milk per cow H1th 1ncreased yle]ds the
number of- COows required has been }ess, also the development of - dual pur—
pose breeds has reduced the number of calves avallable for maklng

#,commerc1a1,rennetf Rennet is the crude renn1n extract.of calves stomachs

T



used in cheese manufacture,,

—w

In rennet thc c1ott1ng power of the preparat1on is not entlrely
“due to rennin; another enzyme pcps1n, also derived from the storach, is ‘
reSpons1b1e for proteolys1s of the caseins and thus contr1butes to che
Coagulat1on process Therefore, to reduce the amount of rennin requ1red

preparatlons of 50% rennet and'SO pepsin (bov1ne) are cowron1y used - J
(Davis, 197]). Although some prob1ems are encountered rost manufacturers_ »

~are able to overcoma them\v

A searCh for other subst1tutes has been under continyed 1nvest1—-

gatlon Porc1ne pepsin has becn 1nvest1gated but results were not en- .

"
¥

courag1ng (Fox, 1969). P]ant proteases, such -as brome11n der}ved .ron
the p1neapp1e, and papa1n from the trop1ca] melon tree, have been used
but produce blﬁter flavors in cheese.' Bacterial ronnet substitutes have‘
~ been studied, proteases from ac111ug{su§;lll§\ Bacillus cereus, and

Streptococcus faecalis var gu»fac1ens were not found to be sat1sfac-

- tory because of bItter f1av0rs formed durlng the r1pen1ng per1od of the
."Cheese (Babel, 1967). Funga1 rennet substltotes have been much more
successfu] 1n flndlng acceptance. These preparat1ons have been developed
: by Japanese researchers from Mucor Eus111us.‘ Marketed under the name ,
"Emporase_ by Dalryland Food Laborator1es;Inc‘,-wlscons1n,‘and under the
) name 'Sure Cuyd' by Chas PfiZer & Co., Inc. ; New York, these preoara-.

t1ons were approved Ffor yse in 1967 in the . S A Approu\i has not been

.

~ granted in Canada as et (C.6. St1nson 1973) ‘though trwals at the S

Un1vers1ty of A1berta haVe prodUc d acceptable Co]by cneese trwols oq:;\N;vivf//

other types were rot so successful - ' .f/
N s\' ; , B
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| A1l the substxtutes which have been used are proteases, but it
 would seem ]oglcal that Jznce the carboh,drates in «-casein are thought .
to be of pr1me 1mrortance in micelle stab111ty then removal of them . &
should reduce the stao“11z1ng pover of this protein. Mot all of the |
macrogeptlde mater1a1 liberated by rennin action contains carbohydrates
but the portion conta1n1ng carbohydrates s so]ub]e in 12% trichloracetic '.
-acid and therefore should: be more hydrOph111c:: Thompson and |

Pepper (1962) inVestidated the effect of-neuraminidase. an enzyme speci-
| fic in c]eaving sia]ic aeid on z—casein. A total of 69% of the sialj
acid was removed from x-case1n after 3 hours of enzyme treatment. ﬁﬁzg
s1a11c acid poor k-casein had a s1gn1f1cantly reduced stab11121ng pover .

)’

uMmﬂSaycuem

Bakrl and Ho]fe (1971) reported that lysozyme, an enzyme known
to cata]yze the hydro]ys1s of 8-1,4- glycos1d1c bonds between N-acetyl-
muramic acid and 2~acetam1do»2 deoxy~D -glucose, wou]d cause. destabiliza-
tion -and c]ottlng of the milk micelle. The c]ott1ng activity of 1ysozyme
ewas compared with the action of rennin, a 10- fold greater molar concen-
tration of ]ysozyme was required for the same c]ott1ng effect as rennln
at pH 6.0 in the presence(rfo 013 M calcium ch]or1de. Neuram1n1dase, A
0 4166 mg/m] caused no destab111zat1on in this pH range It was proposed
that lysozyme modified the x-case1n by affect1ng the carbohydrate no1ety,

reducing the hydroph1]1c1ty aﬁd thus caus1ng destab1l1zat10n of the.

"e;m1celle.b It was a]so found that ca]c1um ions had an inhibiting effect.

',ion the action of ]ysozyme Holfe (1971) reported the format1on of . curd
in mllk due to the action of lysozyme and e- g]dt051dase r~gluc051dase f'lg,

be1ng a gljcolyt1c enzyme was also thouqht to affect the carbohjdrate \

. nn1ety of . k-casein. : ;,11”@7; fggﬁﬁﬁegﬁﬁg i,
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Since the novel findings of balr. and Wolfe ’197]) ‘and qo]fe
(]97]) together with the findings of Trompson and Pepper (1962) gave
some 1nd1cat1ons that tnc carbohydrate W01e¢y may be remgved by ¢lyco-
.]ytlc enzymes avnore thorough study of the nature of the action of .
_——g]ucos1dase and ]ysoL/me was undertaken - This thesis study was des1gned
to exam1ne the e‘fect these g]yco]yt1c enZymes on calcium cascinate and
ag-5 3- and K= caseln to gain information with regard to the use of g]y—
co. ytlc enzymes as- rennin <ubst1tutes The effect of rennin on these 1
substrates was also examined since it is so videly used in the cheese:
" manufacturing industry aﬁd it was felt that the use of sone'different ‘
analytical procedures might Tead to more inforination concern1ng the dé%1on
- of rennin .on the caselns “In the 1n1t1a1 work the actlon of tr)H519‘was - P
studied to lllustrate the effects of a non- ~Specific proteo]yt1t~%§£wme
bDescrlptlons of rennin, ttjpSIﬂ 1yso:/me and S-glucosidase and *%e
standard assay nethods of these enzymes are out‘1ned in Appe2§§f V.

"‘\

‘No novel methods of preparaf1on of casein and case%ﬁgiractions.

allow several exper1ments on each batch.- Th]S enebled?;,compar1son of

analytlcal resu]ts w1thout hav1ng to make ad]Ustmenbs for var1at1ons

encountered due to slight d1fferences wh1ch might occur from batch o bttch,
- The analyt1ca1 procedures were primarily de51qred to test the T ¥

theory that the tr1sarchar1de in e-case1n‘wou1d be clea ved by tre-g'"

colyt1c enzymes and also to ﬁo]]ow enzyme mod1f1cat10n and/or hyero1y51s'ybil

of the protelns
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1. MATERIALS AND METHONS

A. Gageral Considerations

In this project a number of preliminary analytical approaches were.
used but the work finally oehtered around three techniques; sodfum dodecy]
su]phate (SDS) gel e]ectropnores1s of the proteins, tr1ch1oraceb1c ac1d
(TCA) so]ub]e organ1c nltrogen analysis on the enzyme treated grote1ns
and hydro]ys1s of ‘the carbohydrates and subsequent analys;s of‘the tri-
methy]s1]y] (THS) derrvat1ves by gas chromatography.

. For carbohydrate ona1ys1s the enzymes were 1n¢ubated wjth the
purified proteins andfsubjecged to‘u]traffltration; The‘filtered‘frac;
tions'were.hydro1yzed;‘derivatizedéand analyzed using gas chromatographi
teehniques to give bath oueiitatiye7and quantitative‘results

Protein degradat1on and modification due to enzyme act1on was ‘

'analyzed u31ng a velatively new type of gel electrophore°1° | This
_‘a]]owed v1sua] assessment of the enzyme treated’proterns Since degrada~

tion was" found to be evident in a number of cases further ana]ySIS of the

amounts of nitrogen-soluble in 2% and 12% trichloractic acid was carrred v

- out. -

- been recenely rev1ewed in depth by McKenz1e (1971) ,vatarch and p01yacry~

Ao ' :
. Zone e]ectrophores15 methods of separating milk prote1ns have |

' ]am1de gels are usua]ly used as- the separatwng medium w1th the gel con- -

. centrat1on and bi!fer system chosen to fac1]1tate the separation requ1red.,

To use yet another system where a profusion of methods a]ready ex1sted

. may-have seened unnecessary, however 3DS gel electrophores1s offers

some d1st1nct advantages. Th1s mod1f1cat1on of po]yacry]am1de gel

'e]ectrophore51$ was 1ntroduCed by Shap1ro et al, (1967) in the study -

/

'of musc]e prote1n and has subsequently been uSed by other workers *

ey

13.



_soluti

o
L ol
(Dunker and Pueckert 1969 "McDonagh et al. 1972‘ WebeL and Osborn,
1969). A cons1derab]e amount” of SDS ge] electrophoresisy of milk proteins
- ~had been carried out before the first published results appcared (ﬂ%drews
and Cheeseman, 1972; Groves et al., 1972) and the method vas 1nva1uab]e'
in 1]1ustrat1ng the>breakdown of the'caseins - The protelns vere d1sso]ved
:1n SDS d]thlothre1t01 (DTT) vas added to reduce the su]ph rdryl groupS' |
-and p‘event 1ntermolecular aggregatlon The hydrocarbon cha .n/yfzthe SDS
ilS attracted ‘to the hydrophoblc residues of the. prote1n efFectlve1y coat—
ing it, eliminating ccnformat1ona] and charge dens1ty d1ffer~ncvs g1v.ng
the molecule an overa]] negat1ve charge The prote1ns n1grcce to the
anode and are sepa ated by a molecu1ar se1§g effect in the gel the
’smaller protelns mtgrat1ng the farthe%t“ibwltn1n llmzts thera is an
- emp1r12a] relati nsh1p between the-relative distance- of‘n1gratlon ahd
the Logipo molecular welght Sy utlllang the approprlate ocr/1am1de *

concentration in the gel the molecu]ar weight of the protein can . be

Tr1ch10racet1c ac1d can be used to prec1p1tate prote1n9 from v
, Nitschmann and Bohren (1955) showed that after resnin d1gest1on
of whdje casein there was an 1ncrease in the amount of seluble nitrogen
" both 2% and 2% TCA Approxlmate]y 1.5% of the ‘total nltrogen became
Jluble in 12¢ TCA -and 4% -in 2% TCA. The amount soluble 1n 12Y YCA wias ”
' ndue to the macrog]ycopept1de wh:ch\1s highly hydroph111c due to the
"_presence of bound carbohydrates In th]S study the TCA so1uble nwtro— e
. gen after enzyme treatuent of the caselns was used to chack *ne rosults |
f of the ge] electrophores1s zork, vhere clearly dcflned rro*e n breakdoun

had been found in 50ua cases. The ana1y51s of the nltroqen was Qelrl“d .

2
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out using fhe normal KJe]dah] d1cest1on procedure and the ammonia
'neasured us1ng an anmon1um specific e]ectrode Th1$ e]ectrode gaVe

cr

excel]ent results andﬁuas conSIderab1y faster than usrnq the steam

[

dlstlllat1on and t1tratlon method. L -

1giethods fbr the 1dent1f1catlon and quant1tat10n of carbohydrates
used to be confined to paper chromatograph1c and co]orlmetrlc tests.
lj ~ Analysis by gas chromatoaraph1c methodS'offers qreat f1e71b1]1ty and
. b_sens1t1v1ty but 1t was not until quantltatvve nethods of dorlvatIZatlon
" vere developed that this method became wldely used. Hethylated or

_acetylated der1vat1ves were first. used and ]ater trlmethylsllyl ethers

have become: the preferred der1vat1ves (Sweeley et al., 1963). The method, '

\of preparlng these derlvatlves from methy] g]yc051des has been thorougn]y
o 1nvest1gated by Clamp. et al. (1967) in relat tion to‘glycopeptldes and

their ‘method was followed in this study.

No expertlse in the preparatlon of relatlvely large quant1tles
{

of casein fractlons was avallab]e in these ]aboratorles at the beglnnIng
,~0f this progect no gub]lshed data concernlng SDS ge1 e]ectrophores1s of
ntfs’l_mlfk prote1ns and very little data on the effects of" g]yco]ytlc enzymes

i'.. jf“j-"

dn the case1ns cou]d be found. The exploratory nature of thlS study

””] requ1red mod1f1cat1on -and ref1nement oflanalytlca] approaches as initial

{57- resu]ts became available.

BN -



B. * Preparation of Casein Fractions °© . (/F;Ei )

1. Preparatior of Acid Precipitated Casein

b

. QQT\\ _ RS
Coa In the prep ation of g~ B- and kx~-caseins the start1ng materiil
,fff5t1d prec1p1tated case1n which was prepared from skim® m11k The H
of sk1m milk waé redyced ta 4 6 by the slow addition of IN nydroch]orlc
'afjd W1th v1gorous st1rr1ng to prevent areas of very Tew pH occurr]ng
vfor any length@of time. The prec1p1tate was f1ltered through ‘1ne gauze -
~and as much 11qu1d as _possible expe]]ed by squeez1ng the prec1p1tate

| Aheld in. the gauze The prec1p1tate was d1sso]ved in water to pH 7.0 by

= the add1t1on of IN sod1um hydrox1de The pH Was reduced to 4 6 the pre—

c1p1tate recovered, redissolved and prec1p1tated for a th1rd t1me ﬁp]s

: 'prec1p1tate vﬂs kept frozen- unt11 requ1red for fractionation. - ,\f ‘

2. Preparat1on of aS~Case1n

B
' Crude os-caseln was prepared by the. method of Zittle et a1

(1959) and purlfled by a]coho] prec1vﬁtat1on (Zittle and Custer 1963)

'.Ac1d prec1p1tated casern “Was dwssolved 1n 6. 6 M urea then d11uted W1th

water to g1ve a urea concentrat1on of 4.6 M. The ag=cas evn‘prcr1pitated'i

'out and ‘was recovered by centr1fuqat1on \\Ihe prec1p1tate vas d1ssolved
again“in 6.6 M urea conta1n1ng 0. 36 M sod1un @h]or1de the ag~casein was *
| prec1p1tated by reduc1ng the urea concentrat1on to 4. 6 M-by the add1t1on//
of water The prec1p1tate was recovered d1sso]ved and reprec1p1tated |

-~ as before washed w1th water then suspende in water at pH 7.2 by the |
aadd1t1on of 1 N sodwum hydroxwde then d1a ed aga1nst six changes of

dist\l]ed water for 72 hours at 4°C to remove the maJor1ty of the~urea.

e
I

. ) . " o . : e
B . . . ‘ . . \k
: I3 . - . ' ~ ) ' ' ’
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The conCentration of the dia]yzed solution was determined_by the method
of Oyama and Eag]e (1956) and adjusted to 29 w/v at pH 7.2 then an eqﬁa]
volume of abso]ute ethancl was added. With the addition of about 0:06
vol of 1 M ammonium acetate in 75 ethanol max1mum prec1p1tat1on vas’
obta1ned The prec1p1tate conta1n1ng the contaminants was centrlfuged
- off and the us-case1n in the centr1fuqate was recovered by ac.d1f1cat10n
| with 3 N hydroch]or1c ac1d to a pH of 5.0.  The as—case1n prec1p1tate
| wWas centr1fuged off dissoived in water w1th the adéﬁt1on of 1N sodlum
= hydrox1de to pi. 7.5, d1a]yzed aga1nst six changes of d]Stl]]ed water for
72 hours at 4°C, then freeze dr1ed
- 3: PreparatiOn;pf 8—Ca$ein (Aschaffenburg;u196§)

|
Ve o)
v { had

Ac1d prec1p1tat d case1n was d1sso]ved in 3. 3 M urea at pH 7. 5

by the add1t10n of 1 N sodlum hydroxlde On reduc1ng the pH to 3.6 ulth’

] N hydroe?]orlc acid a prec1p1tate formed wh1ch was filtered off The '
. Filtrate was adjusted to pH 4 9 W1th 1N sodlum hydrox1de then dl]uted
“7:w1th water to give a 1 M urea concentrat1on and warmed to 30°C. The
prec1p1tate was allowed to sett]e overn1ght then co]]ected on a Buchner

funne]. The(prec1p1tate of crude 8-case1n was d1spersed in 3 3 M urea [»'

at pH‘7 5 by the add1t1on of 1 N SOdlum hydrox1de The pH was‘then re—

duceq to 4 6 and ‘the solutlon warmed to 37°C. The prec1p1tate ormed

was removed by flltrat1on, the f11trate was brought td a pH 4. a t en d1-‘ -

1uted to g1ve alM urea concentrat1on. “The prec1p1tate was f1lte ed
ﬁff d1ssolvedm water with the add1tlon of 1 N sodwm h_ydroxide, thé )
| reprec1p1tated at pH 4 9. Th1s prec1p1tate of pur1f1ed —case1n was

dlspersed in water at pH 7. 5 Qy the add1t1on of 1 N sod1 ydrox1de;
B d1a1yzed for 72 hours agawnst sux changes of d]Stl]]ed water at 4°C
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‘then freeze dried. , EEE | " )

'4. Preparation of K—Casein (Zitt]e and Custer, 1963)

 Acid prec1p1tated casein was d1sso1Ved in 6.6 H urea and aC1d1~
fied to give a pH. of 1 3 t& 1.4, 1 7 vol of water was added and the ml§—"
ture al]owed to stand for 2 hoyrs. The prec1p1tate wh1ch formed was

f11tered of and the «-casein in the f11trate prec1p1tated by the add1~

tion of ammonium sulphate to give a concentratlon 0 N M. The prec1p1~

~ tate was centrlfuged off suspended in water and diskolved by the add1—\‘
t1on of 1N sodium hydroxlde to give a f1na1 pH of 7. 5 The concentratlon
' “of the «- casewn was determ1ned by the method of Oyama and Eagle (1956) [
and adjusted to ]% w/v at pH g Q, then 2.0 vol of absolyte ethanol added
M ammon1um acetate was added until a thick st1cky prec1p1tate was
i'obta1ned whlch was flltered off, redls olved and reprec1p1ta+ed as before
The f1nal prec1p1tate was dlssolved in wateh w1th the add1t1on of TN

sodlum hydroxlde dla]yzed against the s1x changes of d1st11]ed water at

4°C for 72 hours then freeze dried.

\6

/SQ" Preggrat1on of Ca1c1um Case1nate ivon.HiQQel .
o - =
7» and Waugh 1955) ‘

> Raw. uncoo]ed m1]k from a Ho]steln cow in the University herd ' f
was brought to the lab 1nned1ate]y after m11k1nq The cream was sepamatej'r
- from the milk using a centr1fuga] separator (McCorm1ck Deerwng, Hode1 2-S,
| Internatlonal Harvester Co.,- Ch1cago) To 1 11fre of skim m11k coo1ed to
5°C, 60 ml of 2 M calclum chloride so1ut1on vias added and the m1xture
\centrlfuged for 90 mindt:  at 45,000 x g and 5°C in a Spinco 12-658

: UltracentrIfuge (Beckmaﬁ’lnstruments Inc , Fu]lerton Ca11f ) uswng the
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#20 rotor. The supernatant was discarded and any reswdua] cream adherlng

“to Lhe wa]]s of the tubes carefuIWy w1ped away and the ge] removed w1th

a spatu]a. The ge] was resuspended in 0 076 M sod1um ch]orlde and 0 133 M

calc%um ch10r1de us1ng a warmng B]endor The d1spersed gel was recentri-

_ fuged for 60 m1nutes at 90,000 x g at 5°C, #30 rotor and the prec1p1tate

- recovared as before. The gel prec1p1tate was dlspersed in 0 035 "® sodium

'chlor1de and centrifuged for 60 m1nutes at 90,000 x g at 5°C the preci-

pitate was suspended in 0.035 M sodium ch]oride again and dia]yzed’against

Six changes of distilled water at 4°C for 72 hours then freeze dried.

C.  Test for'PrOteo]ytic ACtivity of Lysozyme and g-glucosidase

To test for any proteo]yt1c act1v1ty of ]ysozyme (Calb1ochem,

-San Diego Ca11f ) and [ g]ucos1dase (Nutr1t1ona1 B1ochem1ca]s Corp.,

Cleveland, 0h1o) due to contamlnatlon the method of Anson (1938) ‘was

chosen. Suspens1ons 2.5% w/v, of dr1ed hemoa’obin. powder (Matheson, ‘

{ Co]eman and-Be]] C1nc1natt1, Ohio) and solut1ons of 1ysozyme and

8~g1ucos1dase were made up 1n buffers rang1ng from pH 8.2 to,pH 4 1.
K]

The enzyme so]ut1ons were added ‘to the hemog]obln suspens1ons and 1ncubated

~for 30 minutes at 30°C then twice the vo]ume of 0. 3 N tr1chloracet1c ac1d '

was added. After f11trat1on through Whatman No. 3 f11ter paper an a11quot

4

of the f1]trate was removed and the concentrat1on of soluble pept1des .

determlned by the method of Oyama and Eag]e (]956), using the. Fol1n-

, _C1oca1teau phenol reagent for co]or developmen; B]ank determmnat1ons

were carr1ed out” add1ng the tr1chloracet*c acid before the enzymes.

D. Po]yacry]amlde Ge{ E]ectrophores1s

The method emp]oyed was 51m11ar to that descr1bed by Neber and

RSN
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Csborn (1969). Polyacrylamide gels, 8.5%, were prepared using 6 vol of
28% w/v acrylamide (Bio Rad Laboratories, Richmond, Ca]if.);_containing
0.735% w/v ﬂ,?'—methylenebisacrylamide (Bio Rad Laboratories); 2 vol 0.5 M
sodium dihydrogen phosphate buffer at pH 7.75 1 vol 1% v/v N.NLN'.N'-
tetramethy]enediamine (Baker Chemica] Col, Phi]]iprurg, N.J.) and 10

] - .
‘vol 0.14% w/v ammonlum persulphate (Fisher Sc10nt1f1c) The .gel tubes

5 measured 100 mm x 6 mm 1\d The anode and’ cathode buffer solutions con-

talned O 1% w/v sodium dodecy]su]phate (F1sher Sc1ent1f1c) and'0.1 M
sodium drhydrogen phosphate buffer at pH 7.1.. Samp]es_were prepared-for

"ETECtrODhOFESTS by incubating the prote1ns in the presence'of 1% sodium -

dodecylsu]phate and 0 .5 mM d1th§othre1tol (Calblocném Los Angeles, Callf )//’

at 30°C for 2‘ hours. Fol]ow1ng incubation an equal vo]ume of 60% v/v:

’ g]ycero]-water was added to the d1ssolved protein to increase the dens1ty

- of the solution, aT1quots were app]1ed to the top of the gels w1th a
=; syringe. E]ectrophores1s was performed at constant current of 5 mA/tube
'ffqr 5 hours The ge]s\were sfa1ned in a so]ut1on conta1n1ng 0.2% w/v
fCoomass1e Brilliant. B]ue (Schwartz—Mann Co % Orangeburg, N. Y ) 30‘y v/v_
glac1a] acet1c ac1d 20% v/v methanol in dlst111ed water. After sta1n1ng
‘ for 1.5 hours desta1n1ng was carried out in a Canalco Quick Gel |
Destalner (Cana]co Co., Rockv111e Ms. ), using a dosta1n1ng'solut1on con-
ta1n1ng 75% v/v acetic ac1d and 5” v/v methano] in water After destaln—'-

&

| 1ng for 25 minutes the ge]s were placed ‘in a 7% v/v acetlc ac1d solut1on

,‘ N

and ]eft ‘to swe]l for a. east 12 hours The gels were then staIned

.0

"f,‘and desta1ned agaIn and ’xnally stored ln 1% v/y acetjc acad.

: E-"‘Breparatlon'of Tr1chloracetic-Acid Soluble Peptides_from Caseins

A suspe ,ion of ca]cium;caseﬁnate;r]0-mg/m1,was made  up in 0.02 M“
: o ' ‘ B . '

o

2
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phosphate buffer at pH 6 3 Ten test tubes were p]aced ln a water. bath -
. at 30°C and 2 ml port‘ons of the prcteln suspension p! aced in fhem
After the SUSpenSIOHS had reached 30°C two test tubes were removed, 1 >T
of 6% tr1ch10racet1c ‘acid (TCA) was added to one tube and 1 ml of 36%”
TCA added to the other, giving flna] concentrat1ons of 2% TCA and 12% /f
TCA respect1ve]y A so]ut10n of rennin was made up conta1n1ng 0 625
mg/m] and 0.08 ml1 added to each tube. T1m1ng was started with the addi-
tion of the enzyme, zero tjme samples were those already containing TCAt
- Pairs of'test tubes were,removed'from the water bath at 15, 30, 60 and
720 m1nute 1nterva1s and "TCA added lmmedlately as before j The prec1p1-
ated protelns were spun down u51ng a c]1n1ca] centrifuge -and the super—.
natant removed and filtered through a Ml]l]pore 5 p filter (M1]11pore
'Ltd » Montreal, P.Q.) before n1trogen ana]ys1s “Th1s scheme was repeated
us1ng 9.12 ml 1ysozyme so]ut1on conta1n1ng 2. 5 i /ml and 0.12 m]
- B- g]ucos1dase solut10n conta1n1ng éDS mg/ml. " Blank determ1nat1ons were
'carr1ed out us1ng no enzymes at all. The whole scheme was repeafed for sohk

‘tions of ag- and k-caseins and for a suspens1on of g- case1n all protein

concentratIOns were 10 mg/ml

F. Detennination of Organic Nitrogen o _ R Y

1. Kjeldahl Digestion

.he- The;d}gesg;Ln procedure descrlbed bp/McKenZIe and Hurphy (1971)

" was used; powdered potass1um su]phate vas placed in a dry 30 ml KJeldahl
4_f1ask 18 M su]phur1c acid was added- together with mercuric sulphate

d1sso]ved in2M su1phur1c acid. The sample so]ut10n was added and a
smal] ‘glass bead to aid refluxlng and reduce excess1ve bump1ng, the walls

of the f]ask were washed down w1th -a sma]l amount of dlStl]]ed water
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The flask was’ transferred to a digestion rack and ref]uxed v1gorous]y
for at least 30 mlnutes and then allowed to cool.
2. Steam Distillation and.Titration' . B _ B

!

o | Water was added to the coo]ed d1gest1on f]ask to d1sso]ve the

~ potassium sulphate and the contents transferred to a micro KJe]dah] dis- -

1]1at10n apparatus {Fisher Sc1ent1f1c), a solution of 15 M NaOH and
-0.2 M Na25203 .5 H20 was added and steam d1st111at10n commenced. The
t1p of the condehs;r was 1mmersed in an Er]enmeyer f]ask cd’ha1n1ng
saturated bor1c ac1d soTut10n w1th methx]ene blue- methy] red .indicator
to-afsorb qhe d1st1]]ed ammonla The contents of. the flask was t1trated

against 0. 02 N hydroch]or1c ac1d to a grey- 111ac end po1nt

”%@I 3. Determ1nat1on of Ammonia Us1nq an Anmon1a E]ectrode

S1nce a cons1derab1e number of determ1nat10ns were requ1red the
;Tuse of an ammon1a e]ectrode was employed (Orion Research Incorporated
Cambr1dge Mass. ) which was found to be much faster and at least as
accurate as the steam d1st1]]at1on and t1trat1on method After the di- )
gest1on step the. coo]ed contents of the f]askumre dissolved in water,
transferred to a 250 m1 voTumetr1c f]ask and further diluted. A solut1on
of 10-M sod1um hydrox1de and 2 M sod1um 1od1de was added Whlch brought
the pH 1nto the range of 1] to 13 and. formed a comp]ex w1th mercury 'The'“
solut1on was brought up: to vo]ume with water and allowed to coo]. all |
'measurements were taken at 25 C 100 ml of the so]ut10n was transferred
to a beaker, stﬁgred s]ow]y w1th a 'magnetic stlrren and the e]ectrode o

‘._t1p immersed - 1n the so]ut1on The ammonia passes through the hydrophob1c

‘9as permeable- membrane and d1ssolves in the 1nterna1 f11]1ng solutlon of
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the eTectrode "~ When equili br1um had been reached (measurements were
taken. after two minutes in a]l cases) a readlng was taken on the mllil-.
volt range of a Fisher Accumet pH Meter (Expanded Scale Research Model
320) Th1s read1ng could have been used to calculate the conceatratlon
‘of ammonia. but since the samp]es contained very Tow Tevels the "known “
addition" method was used . This e11m1nated the time tequ1red to pre-
pare standard so]ut1ons and obtain a ca11brat1on curve, hh]Ch would have
to be carried out daily. In the known add|t1on method 10 ml of standard d
ammon jum ch]or1de solut1on of approx1mate1y ten thes the ccnccntrut1on
.of ammon1a expected in the samp]e,‘ls added to the so]dt1on in the
beaker After equ111br1um 1s reached the new: m11]1v01t reading ws noted.

'From the d1fference 1n the two read1ngs the concentrat1on of ammonia can

. be calculated using tab]es prov1ded by Orlon Research Inc.

G. © Gas Chromatograph1c Determination Of.Carbohydrates'

Ey

1. Preparation of-Trimethy1sily1aCarbohydrate Derivatﬁves .
The method used for the der1vat12at1on wis. essent1a1]y that des—
'cribed by Clamp et al. (]967) Samp]es for ana]ys1s were dried in a 25
| m] pear shaped f]ask under reduced pressure using a rotary evaporator

If the samp1es frothed due to h1gh Jprotein. content freeze drylng was

used. The dr1ed samp]es were kept 1n a desiccator conta1n1ng anhydrous

o ca1c1um ch]orlde overn1ght The samples were hydro]yzed using 4 ml of

0. 75 N hydroch1or1c acid in anhydrous methano] two or three b01]1ng ChlpS
" were added to prevent bump1ng and aid cuttlng any prote1n adher1ng to the
"walls of the flasks. The flasks were placed in an 011 bath at 80°C, water
coo]ed condensers were attached and dry1ng tubes conta1n1ng anhydrous

ca1c1um chloride, fltted to the open end of the condensers RefluxIng‘d'
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R continued for 6 hours the flasks were then removed, coo]ed and the -
contents neutra11zed by the add1t1on of solid s11ver carbonate
‘Re-acetylat1on‘ of am1no\groups waS'ach1eved by the addition of b 5 ml

vof acetic anhydr1de the mixture was a]]owed to- react overn1ght ‘“The
supernatant was removed us1ng a pasteur p1pette anhydrous methanol was
added to the f]ask thorough]y mixed w1th the prec1p1tate and the super—‘_
‘natant removed after the precipitate settled again. These wash1ngs vore
comb1ned w1th the flrst supernatant in a’lO m] pear shaped flask, then

"~ dried in a rotary evaporator under reduced pressure, “and left in dessica-
‘tor overnight. The drled material was der1vat1zed by the add1t1on of

0.4 m of pyridlne, tr1methyls11y]-ch]ors11ane and hexamethy]ened1s11azane
v(Sﬁ}:], by volufe). .Derivatization:shou]d.have been comp]ete after 30

minutes but samples were allowed to react for at least.1 hour before.

~injection into the gas chromatograph.

2. Gas ChrOmatogréphy‘

A Varian Aerograph Mode] 2100 gas chromatograph (Var1an Aerograph

Ha]nut Creek Ca]1forn1a), dual co]umn fitted w1th dua] f]ame 1on1zat1onv
'detectors, was used for all analyses The U shaped g]ass co]umns w’erejsQ
feet long, outs1de d1ameter 0.25 1nches and 1nterna] d1ameter 2 ' | ‘
packed w1th Chromosorb W;. High Performance. coated with 3% SE-30,
' 80/100 mesh.(Chromatographjc Spec1a1t1es, Brockv1]1e} Ontarlo). .The
'carrier‘gasbflow'rateIOf nitrogen was maintainedvat 25, ml/min;the;air

f]ow rate was 250 mlAnumand hydrooen f]ow rate 30 m]/m1n “The detectors |
’ and 1n3ectors were ma1nta1ned at 250°C after 1nJect1on of the samp]e

’the co]umn oven temperature was ]1near]y temperature programmed from the

"1n1t1a1 80°C to 200°C at a rate of 4°Anu1 The co]umns were '’ cond1t1oned i
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at 220°c for at least 12 hours before use A]] chromatograns were_f:”ﬁ“

corded on a Beckman ]0" Recorder Nodel
: w

Fu]]erton Ca11forn1a) 1 mv span, chartu-’

H. U]traf1]trat10n of Proteinsl o

© @y T

: brane filtrates (111]1pore Ltd., Montrea] P. Q ) The prewetted rembrane,t

25 mm diameter, was placed on the stainless stee] support screen and fltted

into the filtration cell (17 ml capac1ty) The ‘material to be fiitered
was poured lnto the ‘cell, the cap screwed t1ght and then connected to a
‘n1trogen cylinder by copper tublng The nltrogen cy]1nder was prov1ded
'.w1th a two: stage redUCt1on va]ve a re]ease valve was connected ‘to jhe

,copper 1n1et l1ne to vent the cell after f11trat1on had been completed

Lo v
.The pressure used for f1]trat1on was about 50 -psi of nltroger Three

i

‘fllter memoranes were used in th]s study w1th nom1na] molecular we1ght o

cut- offs of 100 000 25 000 and ] ,000 daltons. Accord1ng to the techn1-.'

cal data prov1ded with the fl]ters the 25,000 da]ton filter retalned
1002 of bov1ne serum a]bunln 1n so]ut1on (67, 000 daltons.) and 90% of
chymotryp51nogen (25,000 daltons) " The ],QOO dalton f11ter retarns 00%

‘of brcmocresol green (690 daltons) in so]utlon Ho technlca] data was

prov1ded for the ]00 »0C0 filter; thlS f11ter was lntended to remove hlgh

- mo]ecu]ar weight mater1a] and prec1p1tated proterns, it was obv1ous that

this was achleved glVIng clear f1]trates ‘but, in some cases, very s]ouwf

f11trat1on rates. o - E Y//.



ITT. RESULTS.

3A. _Visual.Effects

- / ’ ) . .
The visual effects of the enzymes on the CdSP]ﬂ fract1ons are

summarized in Tablé 1. No effort was made to quant1tate these resu]ts 5

s

& O in any'way'but they ave a clear 1nd1cat1on that in some cases the enZJmes

wexg hav1ng an effect on he-ﬁggte1ns where the solutions became turb]d
the opac1ty 1ncreased but 11tt]e or no actua] prec1p1tat1on occurred In
the three cases vhere c]ott1ng took pWace the protelns becamc 1nso]ub1e '
and ]umpy and cou]d not be d1spersed by shak1ng Where prec1p1tate ‘
formatloh is. 1nd1cated tne prote1n sed1mented but could be :csuspended

-

| by shak1ng
' L]

8. Proteo]ytic ActiVity.Of Lxsozyme and é¥g1ucosidase

SinCe=the ée' e[pctrophore<1s resu]ts qave ev1dence of prote1n
v degradat1on due to the action of g- g]ULOSIGaSE the two g]yco]yt1c enzymes
were examlned more c]ose]y for poss1b1e proteo]yt1c activit y The |
enzymes when e]ectrophoresed 1nd1v1dua]1g?gave S1ng]e bands in the ge]s,
SDS gel electrophore51$ of ovalbumin after treatment w1th 1ysozyme and- -
gluc051dase showed no new bands appearing in the gels. The resu]ts_of‘ &

enzyme treatment of hemog]obln are snown in Tab]e 2. No proteolytic

',act1v1ty could be inferred from these results w1th res t/)lysozyme
- or o-g]uc051dase renn1n showed conSIderab]e act1v1ty t pH 4‘ﬂ as - 3
: u)’

expected

_' C. Ge] Electro,phores.is;"Calibra tion for Mo]ecu]ar !emht C 2lculation ‘”"

e . B ¢ . ) B e

-

Standards used for ga11brtt10n are choun 1n T b]e o,‘chyﬁotry- -

51nogen A was taken as tht rcfe.
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' phosphate buffer at pH 6 3

fRenn1n and trypSIn concentrat1on 0:05 mg/m]

5

'Lysozyme and £- g]ucos1dase concentrat1on O 30 @g/ml

Incuba11on 1 hr, 30°q

C
TABLE 1™ .
VISUAL EFFECTS OF ENZYME TREATMENT ON CASEIN FRACTIONS
5
Casein ‘ . -
Fraction Untreated  Rennin - Trypsin Lyéozyme g-glucosidase
Calcium turbid clotted - clear  granular granular
caseinate : precipitate precipitate
' ag-casein clear’ ‘clear  clear s]ightiy clear
' turbid ‘
g-casein - turbid turbid i%‘turbid turbid  ‘turbid
« L . _ e -
x-casein /s1ight1y, clotted clotted prnc1p1tate precipitate
turbid o
-Ca1c1um case1nate 20 mg/ml; as-, B-, «-casein 10 mg/ml; 0.002 M



o

Average of'two determinations

a-0.05M potass1um phthalate buffer
b - 0. 05 " sod1um phosphate buffer

f
!

28.
e
| | TABLE 2 o -
\
5 opTicnL DENSITY OF TeA SOLUBLE PEPTIDE SOLUTION AFTER ENZYHE
TREATHENT OF HEMOGLOBIN (Anson, 1938); COLOR DEVELQPHENT
| USING FOLIN- CIOCALTEAU PHEHOL REAGENT
v - | |
Treatment s Optical Density
Lysozyme © 0,013 0.018  0.018  0.020 0.015
é—g]ucosidase ©0.004  0.000 - 0.018 0.006  0.009
Renn1n | ) :‘ “0.017 o O.41v
CComtrol 0,008 0.004 0000  0.000  0.002
pH . 8.28 7.02 6.3 5.2 4P
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was meas"red fron the top of the ge] to the centre of the prote]n band.
* The ca11urat1on grapn, quure 1, snows a qood strarﬂht llne re]at10nsh1p :
‘between the Log10 molecular we1ght and the re]atlve moblllty In each
'rUn~10 or 12 gel. tubes were used 1nc1ud1ng at least one for ca]ihration':
us1ng a souut1on conta1n1 g a]] six standards Thé re]at{ve mobi]ities
of each standard varxed a maximum of +0 02 from run to run and usual]y

J‘only *0 01. The apparent molecu]ar we'ghts'of the. protein bands 1n the
vcase1n and enzyma treated casein gels were read fron this graoh The _ 3
roported molecu]ar welghts in rlgures -9 are the average of five indivi-
duaP gel runs and the average -of two runs in Flgures 11-23." These valgy
_vary ;3,000.da1tons in the 80,000 to ]09,000 dalton range and the varia-

tion dihinishes'td;tl,ooo da]tonS'in the TS,DOO to_45,060 dalton ranée.
%w“ . TR o
- D. Ge] clectronhores1s of Case1ns after Enzyme I s

Treatment No - E%%trat1on Figures 2 - 9

1. ,Rreparation of_Samgles

The prote1ns——20 mg/m] ca1c1um caselnate lO/mq/n]-—mereiglisolved‘

or suspended in 0 002 M phosphate buffer at pH 6.3. Enzymes were added,
"0 05 mg/ml of rennin. and tryp51n 0. 30 mg/m] ]ysozyme and B—g]uCOSldaSE

,und 1ncubated for 1 hour at 30°C IT% SDS and 50 m? DTT vere added to
. _g1ve f1na] concentratlons of 1% SDS and 0. Slni DTT the solutlons vere i”t‘

incubated for 12 hours at 32;C then an equal volure of 60% v/v glycerol’“
was added The ‘volume eoulvalent to the welght of, protcln 1nd1cat°d on
the flgure t1tles was applled to the ce]s Other deta1ls of the gel -

_e]ectrophoreSIS were as stated in Tbterxa]s and 'othads (C)

The gels shown in Figures 2;,4, 6 end are:of'the iaitial studies

y carried out in this project. Figures: 3, 5,7 and 9 shdv.the_gels of



B ,r-l,

 TABLE 3

t\J ~

STANDARD PROTEINS USED IN SDS GEL ELECTROPHORESIS

R

.

>

Protein’

l/Moiecu]aﬁ Height

.aGamma-globu1ins‘”
Bov1ne serum a]bum1n
Ova]bum1n .
pTroppmyosin
aChymotrypsiho§en A?\

aCytoﬁhrome C

/-

150,000 /

ifﬁ 67,000

__ 45,000

36,000 .

25,000

12,400 - -

a - Mann Research Laborator1es, New York “U.S.A.

b - Gift from Drs W McCubb1n Facu]ty of red1c16;,

Unxvers1ty of A]berta

-
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the proteins ‘after much’ more pure fract1ons of the caseins had been ob-
‘talned these later preparat1ons were used for a]] other work reported

in this thes1s |

Photography\and preparation of the gel figures was.carried-out

with all possjbie care but: the final résu]t,.in some cases was not as
clear'as in the ge]s. Imperfect1on5\1n the ge]s and unavo1dab1e 1ncom~
_ p]ete destaining somet1mes gave. the appearance of bands in the photo-
graphs. The-fo]]ow1ng tennmnology has been used in descr1b1ng the ‘bands:

'Ma1n band(s)' means the most prominent band; 'minor band"means a band

Wthh comparéd to thenauwband appeared both narrower and less heav1]y

sta1ned 'falnt band' means a band whlch was dlscernab]e on. c]ose 1nspec-'

- ftlon of the gel and may or may not be discernable in the gel f1gures
2. as-case1n _ _ |
| Flgures 2 and 3 show the effects of enzyme treatment on as casein.
.Untreated as-case1n (Fig. 2a) showed a ma1n band at 34, 000 daltons with
mlnor bands at 91 OOO 59 000 25,000 and 21 ,000 da]tons The minor

‘bands are due to 1mpur1t1es c0prec1p1tated with: as-case1n In the'rennin

N treated samp]e (F1g 2b) the 25,000 da]ton band appeared more 1ntense

Tryps1n treatment comp]ete]y d1gested the «g- case1n, 1eav1ng a band at
9 ood daitons s1m1lar to Flgure 6¢C. Lysozyme showed no effect on as |
casein (Flg 2c), the band at 12 ,000 da]tons corresponds to ]ysozyme
“which was conf1rmed by e]ectrOphoreSIS of the enzyme a]one A]though
]ysozyme has a molecular we1ght of approx1mate]y 14, OOO da]tons it is
known to mtgrate abnorma]]y (Dunker and Ra6ckert 1969). The other'en— .
zymes show no visible bands- 1n the quant1t1es used. .e-g]ucosidase o
o appeared to affect qs-casejnemore than.the.other gn;ﬁﬁes (ng. Zd)- N
causing‘a considerable increase in-25,000 andVZ],Odd-daTton bands_and'a

-

e
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decrease in the 34,000 dalton” band.
In F1gure 3 the effects of the enzyme on the more pure prepara- |

- tion of us—case1n are shown. The ma1n band is at 34 000 daltons (F1g

. 3a) and appears much more discrete than in Figure 2a. The effect of

' ~ the gel pattern of untreated B-casein (F1g 4a) compare closely with =

rennln (F1g 3b) is more marked show1ng a very c1ear 25 000 dalton band,
and falnt bands at 21,000 and 1] 000 da]tons, a*glucos1dase a]so shows .

- more act1v1ty (F1g 3d) g1v1ng a new band at 21 ,000 daltons and completely_
remOV1ng the 34, 000 dalton band, another very faint band is v1s1b]e at

¥

'“1],000 da]tons

e 3. B- case1n
e -

—

~ -

In F1gure§\f and 5 the gel patterns of untreated and enzyme
treated g-casein arey;hQWn\\\The untreafed g-casein in Flgure 4a compares_ :
c]ose]y w1th that of Groves et al. (197 ) The mo]ecular weights from
those found by Groves et al. (1972),‘(27 000 23,000 and 12 ,000 da]tons
for g-casein, Y- case1n and TS— R- and S- prote1ns, respect1ve]y) In
Flgure da: the main band at 28, 000 daltons was, however, h1gher than the -

mo]ecu]ar we1ght found by other phys1ca] and chemical means ~ The band

- .at 21,000 da]tons vas probab]y vy~ caseln and the band at’ 10 ,000 da]tons

TS- R~.and S~ prote1ns . The rennin treated samp]e (F1g ~4b) shoved a
“:d1m1n1shcd 28, 000 da]ton band w1th a band at 22 000 da]tons over]app1ng
. the 21 ,000 da]ton band Tryps1n comp]ete1y erased the main. bands g1v1ng
a single band at 9 ,000 da]tOns s1m1]ar to F1gure 6c. Lysozyme (F1g. 4c)
 appeared to have no effect at ail, d1sregard1ng the 12 000 dalton band g
'.In R~ glucos1dase treatment (Fig. 4d) a band at 24 000 daltons cou]d be
d1scerned in the gel but not in the photograph a sma]] band at 22,000

'5da]tons was a]so v1s1b1e .In\F1gure S,the purer 8-ca591n gel patterns
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are shOWn a very fa1nt band at 10 000 da]tons and a maln band at
28,000 dattons was v151b]e 1n Flgure Sa 1nd1cat1ng the 1ncreased pdr1ty
of this’ preparat1on ~ Evidence of a fa1nt band was v1s1b]e above the .

'ma1n band at é; 000 da]tons,though it was not comp]ete]y separated Ren-

nin treatment (Fig. 5hb) had a slight effect on 3~case1n and a band appeared -

~at 23,000 da]tons and fa1nt bands at 1] ,000 and ]0 000 da]tons Lysozyme
shows - no effect at all on a-case1n (F1g 5¢) and B g]ucos1dase glves a
band at 22, 000 da]tons (Flg Sd)
4. c-caséin .. S A,;;'

| The resu]ts of enzyme treatment of k-casein are shown 1n Flgures
6 and 7. The untreated proteln (F1g 6a) gave a main. band at 26, 000
-da]tons thlS is 519n1f1cant]y higher than the value of 21 000 da]tons |
for the molecu]ar welght of reduced monomer1c <—case1n. The bands of :
v hlgher mo]ecular welght were probab]y polymers of <—C6561n or. aggregates

M

of «-~casein and «-casein fragments Rennin treatment (F19 6b) substan—

. tially reduced the 1ntens1ty of the 26 000 da]ton band and the 65 000 and

Lo

,57 000 dalton bands dIScreet bands became visible, at 23 000 and 21 000
da]tons The hlgh 1ntensuty band at 12 000 daltons was the para—\-case1n '
'produced by renn1n attack but no band correspond1ng to the mo]ecu]ar
weight of the. macropeptlde or macroglycopeptlde (MGP) (8 000 da]tons) was\
V151b1e. The locatlon of the para-<—case1n was conflrmed by e]ectro- _ "
phoresls of a pur1f1ed prep\ratlon Renn1n was added to a- so]ut1on of
x-caseln and lncubated TCA was added to g1ve a flnal concentrat1on of -
2% w/v; The;neCIpitate was removed homogenlzed in water exhaust1ve]y
dia]yaed and frecre. drled : supernatant was exhaust1ve]y d1a1yzed ';:

‘then frceze drieg . the two proteln fract1ons were then prepared for

‘appllcat1on to the ge]s The TCA prec1p1tated fractlon conta1n1ng the



'para-e-casein gave a band at 12,000 daltons. The TCA soluble fraction
isf@gaue no visible band after stafning; the reTativeTy high proportion of
- carbohydrates present in the MPP CBUSIDQ abnorma] mlgrat1on and making
"stalnlng very'd1ff1cult (Beeby and‘Nocquot 1969) Tryps1n treatment
(Flg 6¢) -erased the maJor bands though a band remained at 12, 000 daltons
-and a new band_appeared:at 9,000 daTtons.. No‘noticeabTe différence in
found with the Tysozyme treated-sample'(Fig. éd) compared/to the~contr01‘
: (except for the. 12,000 da1ton band) g~glucosidase treatment (F1g 6e)
_caused some minor changes in band :ntenSIty and the 12 000 daTton band
1ncreased s]1ght1y. ' ' |
In Figure’7a the'zacasein from later preparatidns shows the main .
| band at 26 ,000 daltons; a faint band was v151b1e at 65,000 daTtons and
\‘;TS 000 daTtons above a minor band at T2 000 da]tons-_ Renn1n treatment
'.i(F1g 7b) showed a Targe 1ncrease in the 1nten51ty of the 12 ,000 daTton
" band and no evidence of the 23 000 and 21, 000 dalton bands Lysozyme
showed very T1tt]e effect on <~case1n (Fig. 7c) the 1ncreased 1ntens1ty
tof the 12 000 dalton band is due to Tysozyme ;~gTucos1dase reduced the
1ntens1ty of the 26,000 da]ton band and the 1ntens1ty of the 12,000 dalton

. band 1ncreased

s, Ca]c1um Caseinate o _:. » SR . o X

Sy The eTectrOphoretlc patternsobta1ned from untreated calc1um

caselnate are shoan in Flgures 8a and 8b, the Tower Toad1ng of the gel
n

w1n F]gure 8a* "Was an attempt to show better separat10n and def1n1t1on of

. {+ the bands compared to Figure 8b. The muTt1p11c1ty of bands made inter-

{, .

doretation difticuTt The two 1 jor bands ‘have apparent mo]ecu]ar
B we1ghts of 35 000 aﬁ 27 000 daltons correspondlng to as and g-casein.

' respectlve]y -casein 1s,prooab1y_masked by g-casein due to its mob111ty



: unggr these gel cgnd1t1ons and also because of its low proport1on in the
tota] m1ce1]e comp]ex The bands at 80 OOO and 65 000 daltons are p0551~
b]y aggregates of case1n fract1ons, those bands°of lower mo]ecular we1ght
cannot be 1dent1f1ed pos1t1ve1y lhgzbel patterns of rennin, tryps1n, "
/

vlysozyme and B—g]ucos1dase treated calcium case1nate are. shown in F1gurés

8¢, 8d 8e and 8f respectlve]y In the renn1n treated sample there wés

a s]ight increase n the.]Z,OOOldatt ' band Tryps1n destroyed all bands

w1th a new band visible at, 9 000 da]t s.‘ Lysozyme had no visible effect
on the ca]c1um ca5e1nate but 8-glucos1dase Sharply reduced the 1nten51ty
of the 80, 000 da]ton band a new band at 19, 000 da]tons was noted; and an
1ncrease in the 1ntens1ty of the 11,000 and 12 000 dalton bands
In F1gure 9 the gel patterns of ca1c1um caseinate are shown

The gels showed much better def1n1t1on of bands though photograph1c repro—
»duct1on of these resu]ts was found difficult. The preparatlon of calcium
caselnate is much more straight fonuard than the preparat1on ot the ag~,
‘B~ and «-casein fract1ons and there is ]ess chance of the ca1c1um case1nate
varylng from preparat1on to preparat1on The 21 000 da]ton band 1:x
.FIgure 9a is more 1ntense than in F1gures 8a and 8b. " Other features of
_che gels 1n F1gure 9 are 51m11ar to the correspond1ng gels .in F1gure 8'
-1renn1n treatment show1ng some sl1ght 1ncrease in the 16,000; 12,000_and .
11,000 da]ton bands Tysozyme: show1ng 11tt1e effect and :-glucosmdase

o g1v1ng rather blurred bands w1th 1ncreases “in the 1ntens1t1es of the‘

lower molecular welght bands.
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Figure 2. SDS.e]ectrophoreogréms_of 60?h9 of ds—case;hﬁ'

a, control; b, treéted_with renning; c,.tréated with
lysozyme; d,‘treated with B-g]ucosidase. Anode is

at the bottom.
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Figure 3. SDS electrophoreograms of 50 ug-of ag-casein (purer
L EAREI - X : ,

) ' preparation). a, control; b, treated with rennin;

q»c,‘tfeated with lysozyme; d, freated with B~

, ) . | . ) i .
’ -~ glucosidase. Anode is at the bottom.
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' Figdre 47 SDS e]ectrophbreograms of 60 ug of g-casein. a,
' -kontrOT;'b,‘treated with rennih;bc, treated with
1ysdzyme;,d, treated  with B-g]ucosidése. Anode

.is at the bqttom,f
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Figure 5; SDS e]ettrophorebgrams of,50fug of g-casein (purer
preparation). ‘a, cbntrb]; b, treated withvrehnin;

'.c; treated-with'lyéozyme; d, treafed with 5—91ucbsidasé. o
Anode is at the bottom. U

~
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.Figure 6.

'SDS'e1ectrproreograms.6f 60 ug of k-Casein. av con;‘.>,
"trol' by treated w1th renn1n, ¢, treated ulth trypSIn,
}d treated w1th lysozyme e, treated with 8—gluc051dase.
g Anode 1s at the bottom
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%igure.7.

e ,
NIN electrophoreograms of 50 ug of «-casein (purer_

preparat1on) a, contro]f‘b treatpd With rennln,

C, treated w1th lysozyme' d, treated with

/ 8—91Uuos1dase ’ Anode is at the bottom



Figure 8.

SDS e]ectrophoredgrams of -80 ug of calcium caééinate
(except a, 40 ug). a, control; b, control; c, treated
With‘rénnip; d, treated with trypsin; e, treated with

lysozyme; T, tréated with s-g1ucosidase. Anode is at

- the bottom." .
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”‘Figure,Q.
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‘SDS'electrophoreogréms of 60 ug caicium caseinate.

3, control; b, tréatéd‘withlrennin;ﬂc, treated with

lysozyme; d, treated with s-glucosidase. Anode is
at‘the.bottom-
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/in carbohydrate analyses para]]e] gel e]ectrophoresis o?}the fractions
was undertaken A flow sheet of these fractions is 'shown in Figure 10
'The proteins were prepared for gel e]éﬁtrophore51s 1n l% SDS 0.5 mH DIT
and 60 glycerol as before. The amount app]ied to the gels was ca]culated

on the assumption that all the protein viould be prec1p1tated after cen-,

- &

@

‘trifugation,vand that no protein wou]d “be held back'by the filters. On
“this basis a vo]ume equivalent to 60 ug of protein was applied to each
| ge]. The amount of supernatant solution appiied to the gels was ca]cu]ated
in the same way, it was assumed all protein remained in the supernatant.
Thedcomparison'of the gels would thus give a visual comparison of the
protein concentrations in solution and prec1pitate, and also the amount

| held back by the fi]ters | No definite quantitative estimates vere attempted., |
It should a]so be noted that the prec1p1tates were disso]ved in Tz Sps
‘before filtration and DTT added afterwards, the supernatants were filtered
in aqueous solution then SDS and DIT added afterwards, thereforeﬁthe
supernatants vould be more aggregated. Photographs‘of gels where no'f*

_protein bands were wigible have been omitted.
1. us-casein
—

///L | The untreated as-casein ge]s are shown in Figures 11as, llel

: and 13cS2. The Qn]y band -visible had an apparent mo]ecu]ar weight, of
34 OCO daitons On fi]tration this band showed reduced 1ntenSity 1nt1-
mating ‘that the as casein monomer vas polymerized. to. some extent in -
’hsoiution (Fig. 11bS1, HCSZ)_f llo precipitate was fOrmed with rennin

‘wd. treatment of us-casein.  The unfiltered sample, Figure 11dS,:$h0W€d

<



| I
'é% /
" Protein, 10 mg/ml O 002 M phosphate buffer,
1ncubated 1 hr @ 30°C, centrifuged
at 80,000 X g 30 minutes
gel electro—<——————Prec1p1tate dis- Supernatant;———e——>ge1 e]gctro—
phores1s (P) solved in 1% SDS . & : "~ phoresis (S)
' ) L ‘ o
gel electro-<———Filtered through - F11tered throuqh-»ge1 electro-
~ phoresis (P1) 100,000 Pellicon - . 100,000 Pe]]1c0n ~phoresis (1)
_ f11ter f1]ter -
gel e]ectro—<——————F1ltered through . F11tered through——»ge] e]ectro—
-phoresis (P2) - 25,000 Pellicon . 25,000 Pellicon - . phoresis (S2)

~fi]teri » o fllter

Fig. 10. D1agram of the Origin of Samp]es in F1qures 11-23

“In text and Flgures P and S = unfiltered fraction;
.. P1 and S1=filtrate from 100,000 filter; P2 and S2 =
o fﬁ]trate from 25,000 fllter T



definite euidence of proteolysis, the upper band at 34 OOO'da]tons being
’unchanged as-case1n and the ]ower band at 25 OOO da]tons be1ng a product
:of proteclysis. In Figure 11eS] the on]y band v1s1b1e at 34 000 daltons
was of low intensity. Lysozyme was the only enzyme to give a prec1p1tate .
with ag-casein, the prec1p1tate gels (F1g 12aP, 12bP1 12cP2) gave a

band at 34,000 daltons wit~ perhaps slight reduction of 1nten51ty after e
filtration through the 25, 000 f1lter (F1g ]2cP2). The fa1nt Tower band
corresponds to the enzyme The gel of the supernatant after 1ysozyme
'treatment F1gure 12dS, qave a band at 34,000 daltons. The ge]s from
B-glucos1dase treatm::t of ag-casein are.shown in F1gure 13. The 34, 000\
dalton band was absent but a strong band appeared at 21 000 da]tons, the

intensity d1m1nlsh1ng after f1]trat1on A dlffuse band was‘@pparent at

about 11,000 daltons in F1gur°s 13aS and 13bS1.

'2;_ B—d%se1n \

The untreated D—case1n gels.-are shown in. F]gure 14 The - DFECTpl-ﬁ
:ate gives a band at 28,000 da]tons with una]tered 1ntens1ty due to £i1-
*at1on (Fig. 14aP, 14bP1, 14cP2) It was not c]ear whether the apparent"
7and above the main band was in fact separated, it would have a mo]ecu]ar
we1ght of 32 000 da]tons Th1s was the same mo]ecu]ar we1ght as a 1ow
1nten51ty band found in the supernatant gel F1gure 14dS. Another very
| ]ow intensity band was v1s1b1e at 28 000 da]tons in the supernatant ge]
Renn1n treatment of | —caseln g'1s are shown in F1gure 15. The main band

of the prec1p1tated prote1n had a mo]ecular wexght of 28 000 da]tons and

 the mlnor band beneath had a mo] cular we1ght of 23 OOO daltons. The

prec1p1tate appeared to be on]y s1lght]y affected by f]]trat10n“ In F]gure

- 15dS only one band at 28,000 daitons vas v1s1b]e in the gel, (poor rep:o-
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m duct1on respons1b]e for anomol1es) The ge]s of g-casein treated w1th Ty-

7yme are shown in Figure 16, the 1ntens1ty of the ma1n band at 28,000

-ons in Figures 16aP, 16bP1_and<16cP2 was -not affected by filtration;

- the lower band was due to Tysozyme In. F1gure 16dS a faint band at 28 000

daltons was visible 1n the gel but not in the photographlc reproduét1on
The g- g]ucos1dase treated ; -case1n gels, F1gures 17aP, 17bP1 and T7cP2,
showed a major band at 28 ,000 daltons from the precipitated proteins with
a maJor band at 22, 000 daltons and no apparent Toss of 1ntens1ty due to
flltrat1on once aga1n a very fa1nt band from the supernatant prote1n was

visible at 28 OOO/daTtons (F1g 17dS).

/

3. -ca9e1n _

The untreated <-case1n ge]s are shown in Figure ]8 The main band

/

v1s1b]e in the preg1p1tate ge]s, Flgures ]BaP 18bP1 and 18cP2 had a mo]e-\

&

cular we1ght of 26 000 da]tonsa The supernatant gel (F1g 18dS) had a ma1n
band at 26 000 da]tons w;th ;S%of bands at 65,000; ]5 000 and 12 000

da]ggns Rennln hreated «-casein gels (FTQ 78) shoved ‘a main. band for IR
the prec1p1tate at ]2 000 da]tons and @ Tess 1ntense band rema1n1ng at

26 000 daJtons (F1g 18eP), a Tow 1nten51ty band at 12,000 daltons was i

&5
Av1s1b]e in Figure 18fP1. Lysozyme treated «-casein ge]s are shown 1in

Figure 19, the sma]] amount of precipitate gave a band at 26,000 daltons

.
~h the maJor1ty of ‘the proteln rema1n1ng in the supernatant (F1g 19dS)

- 1v1ng a band of the same mo]ecu]ar weight. The 12,000 dalton band was

attrlbuted to the enzyme. E-glucos1dase treatment of :-casein gave a

“non- filterable band in the prec1p1tate fract1on (Fig. TgeP) at 26, 000

»da]tons and another more i tense band at 12, 000 daltons These bands

-

. were a]so v1s1bTe in the s ernatant sample (Fig. 19fS) a]though"the :

]
r
o

12,000 da1ton band waS>the less prominent.
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4., Calcium Caseinate

A total of eight clearly defined bands were v1s1ble in the un-
2

treated ca1c1um casexnate prec1p1tate gels {Fig. 20aP, 20bP1, ZOCPZ),

the;mo]ecular weights were as shown in the photograph. These'bands\did -
not. appear to.diminish‘in intensfty”after filtration In theﬂsupernatant‘ :
ge] on]y 1ow 1ntens1ty 35,000 and 27 000 da]ton bands were visible (F]g

20dS) The rennin tréated calcium caseinate ge]s are shown in F1gure 21
\&

A decrease in band 1nten51ty due to filtration of the precipitate frac— |

tlon‘can,pe seen in Figures 2]aP 21bP1 and ZlcPZ Pn'Flgure 21ds the

2R
[T
LR

Qe]-gave%‘h

©

l,ery=fa1nt band at 27, 000 da]tons not v1s1b]e 1n the reproduc-‘

tion. Flgure‘2_~5h0ws the ge1s of ca]c1um caselnate after lysozyme treat—
ment , no 1oss of 1nten51ty in the bands was apparent afterfiltration of
the prec%%%tate fract1on (F1g. 22aP 22bP] 22cP2) ~In the supernatant
-ge] oﬁ%? éﬁery low. 1ntens:ty band was visible at 27 000 daltons (Fig.
tZZdS},( 9-g]uc051dase treatment caused a certa1n loss of def1n1t10n of
'the bandggln caitlun casernate prec1p1tate fractxon f1]trat1dn gave
marked waer1ng of the 1nten51ty of these bands also (Flg 23aP 23bPl
:23cP2) In the supernatant-prote1n ge] the on]y band was of ]ow 1ntens1ty

fat 27 000 daltons
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Control and rennin treated a. —ca%e1n, f11tered samp]es

‘ aS, control supernatant bS] flltrate of control o
supernatant.from 100,000 fi]ter; cS2, filtrate of

_Control supernatant'from-ZS,OOO-fi]ten; ds, superQ_

natant of rennin treated as-casein;:eS] ‘fi]trate'

"‘of renn1n treated ag-casein from- 100, 000 filter.

" Anode is at the bottom.,
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Figure 12.

.Lysqzyme treated og-casein, filtered samp]es, aP

:Anode is at the bottom

/
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' brecipitaté; bPT,}?ithate of dissolved precipitate

" from 100,000 il terF ¢P2, —fhtrate« of dissolved

prec1p1tate from 25 OOO filter; dS, supernatant
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Figur‘e 13.
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~—gluc051dase treated as—caseIn F11tered samp]es

- as, superﬂatant 'bST, flltpate of supernatant from

-

100,000 f11ter cSZ fl]trate of supernatant from

S

25 000 fllter Anode is at the bottom ,;; ,leﬁ: -
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Figure 4.

Contro] 8- case1n, f1Ttered samples aP, prpcibitate,

bPY’, filtrate of dlssolved prec1p1tate\from 100,000

- filter; cP2 f1]trate of d]SSO]Ved preé1p1tate from

25 ,000° f11ter dS, 5upernatant Anode is at the -

bottom. L o <
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Flgure ]5 Renn1n treated B case1n, fl]tered samples, aP:

prec1p1tate bP? f]]trate of dissolved prec1p1tate
from ]OO 000 f11ter, cPZ fl]trate of d1sso]ved
prec1p1tate from 25 000 f11ter dS, supernatant
Anode 15 at- the bottom |
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"' Figure 16.

B

L}SOZyme treated e—cafejn, fi]téred samp]eﬁﬁf“ap,

precipitate; bP1, filtrate of dissolved pfecipitate -

-~ from 100,000 filter; cP2, filtrate of dissolved

precipitate from ZS,OOO'fiTteFE dS, supernatant.

Anode is at the bottom.
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| Figure 17. 8~glucosidase treated 8~casein, fi’].tergd samp1e§.
“aP, pr‘e;:ipitdte; bP1, filtrate of d»isso]ve’d"prec\ipi—
tate ffom 1€0,000 fﬂte'r; »(.:PZ, fi]tﬁate.of‘dissolved |
_ preci’p‘j‘tate from 25,000 filter; dS, supernatant.
‘Anode'is at the bottom. o ; |
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Figure 18.

;3

Control and rennin treated g-casein,‘filtered Samp]es..

_aP,-confrol precipitate; bPT, filtrate of dissolved . |

. contro] precipitate from 100, OOO fi]ter- cP2, filtrate o

of dlsso1ved contro] prec1p1tate from 25,000 f1]ter,

ds, control supernatant eP, prec1p1tate from rennin

-treatment' fP] f1ltrate of d1sso]ved prec1p1tate

from rennin treatment from 100, 000 filter. Anode is

~at the bottom. . e
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Figure 19. 'LySOZymé and B—glucosidase'treated kx-casein, f11tered o

3
h .

\‘,’

4samp1es. aP prec1p1tate from 1y3021me treatment
bPT, f11trate of d1sso]ved precipitate from 1ysozyme
_:treatment from 100 000 f11ter cP2, f11trate of
dlsso1Ved precipitate from ]ysozyme treatment from,.
25 000 fitter; ds, supernatant from 1ysozyme treat-_ .
nent eP, prec1p1tate from B- g]ucos1dase treatment
Lo fsy supernatant from e-g]ucoswdase tﬂeatment

';'Anode 15 at the bottom ;H ff.tfx ’ o :

‘. . o, e e



»

AN

.Control ua1c1um case1nate f11tered samples aP,h -
- g'pr§t1p1tate bP] f!ltrate of dqsso]ved prec1p1tate -
.'fron ]00 000 fi]ter cP2, f11trate of d1ssoived

1‘prec1p1tate from 25, 000 fllter, dS, supernatant.

Anode 1s at the bottom

'. f . - .\_



Figure 20
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“Figure 21.
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Renn1n treated ca1£1um case1nate fﬁ]téréd”samp]es
Séﬂopréc1p1tate, oP] f1]trate of d1sso]ved preci-
p1tate from ]00 OOO f11ter cP2; f]]trate of dissolved.

prec1p1tate from 25,000 f11ter dS, supernatant

vAnode is at the bottom

N [\ ‘ . . w 0 T
v - -n . g - i3 -



~ Figure 22,

Lysoz;mb treated cal c1um case1nate f11tered samp]es

‘aP prec1p1tate bP1, filtrate of" dlssolved prec1p1tate
'from ]OO 0600 f11ter cPZ f#%tratn of d1asolved prec1-. .

pltate From 25 000 f]]ter dS, supernatant
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Figure 22

~

’

81.

Molecular

Weight-

¢



‘,'»%igure.23.

3-glucosidaSe treated calcium caseinate, filtered.

“samples. - aP, precipitate: bP1, filtrate o ‘dissolved

precipitate from 100,000 filter; cP2, filfrate of

‘ diéso]ved'brecjpitagb from 25,000fi]t§§<\d5,

hsupernafant. o L '

ot . . <oy . 3
PR L . ’ X



24.

. F. N]trogen So]ub]e in Trlrh]oracet1t A(1d

——————

-To ampllfy the resu]ts obtained from the gel e]ectropnores1s

wort the amounts of nitrogen so1ub]e in 2% and 12% TCA after.treatang'

the casein frqctlgas with enzymes were enVestigated The incirease in

the amount of so1ubk@ nitrogen in 2% TCA is due to prote1n fraamcnts or
‘Hkstrongly hydrOph1]1€,prote1n fractions. In ]2, TCA cnly proteins or ‘
Aprote1n fragments of a h1gh1y hydrophlllc nature /11] be so]ubne, such

as the carbohydrate bearlng fragment of «- caseln after rennin Lreltment'

. (Nitschinann and Bohren » 1955 Nitschiann ard L:eby, 1960) ance the

?relatrve]y new method of nitrogen determ1natgon usnng the amronia elec- -
trode uas used, a compar1son of the resu]ts w1tn the tvtrat10n method
Was carr1ed out using a standard solut1on of bov1ne serun a]bumln The
-results are summarized in Tah1e 4 The t'o'nethods of ana]y51s vnre
found to be equa] in accuracy, 1r pract1ce the e]ectrode method was' more

";t 1ow concentrat1on< of snlub]e n1trogen in TC A. The vo1ume

_ of the TCA samp]es was 2 mi. and the aCCUracy of tne anu1ys1s of so]uble
:n1troqen was ‘taken to the second decimal p]ace inmg/ml.  The results of .
the ana1y51s are summar1zed in Tables 5 and 6. In. a]] casesiZO'mgiof
prote1n was used (2 ml of prote1n at 10 mg/m]) and after add1t1on of '
'.TCA a tota] of 3 ml was avallaole for analy51s.. After centr1fugat1on and
,f11trat10n~2 ml was recovered for nltrogen ana]ys1s The resu]ts vere"- |
»ca]cu]ated on the basis of the tota] amount’ of so-ub]e nitrogen per 20 mg |
of - protein and tabunated in this way. Direct compar1son can be made be-
tween the effect of ‘the enzymes on a part1cular prote1n fraction; a
'.h1stogram F1g \°4) lllustrates the effects of renn1n and '“Q1ULO>1daSG

on the proteins,



- | ' TABLE 4 |
- COMPARTSON ‘DF NITROGEN FOUND BY: TITRATION AND ELECTRODE METHODS

"USING STANDARD SOLUTION OF BOVINE SERUM ALBUIIN
. v : . ) Ji' . .

aarls
i

Nitrogen added (mg)* Nitrogen found by~ = Nitrogen found by
B L - . titration (mg) ~ ° electrode (mg)

' . . . . g TS ’ L f : L ]
oo T2 T oo

or

0.50 . . 0.50 .53
0.25 - 023 o 0.26
0.02 O Y X

~ *Nitrogen caqgu1ated\at 6.25% of total weight of bvine serum albumin .

. t
| . X - .
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TABLE 5
L AMOH&; OF NITROGEN (mg) SOLUBLE IN 2% TRICHLORACETI£ ACID AFTER

N

ENZYME TREATMENT QFxPRQTEINS (20 mg)

L | s
o B3 . Incubation Time (mins)
Treatment, 00 15 30 60 120
None - 0. 04 o~ 0.03 - 0. 03
Rennin '~ g, 03; 0.04 - 0.05 0.04 0.06
w2 Lysozyme ~0.04  0.03 0.04 0.03 0.03
ot *geqlucosidask  0.04 .07 0.0 0.15 "0.24
1 f,fNone | 0.04 - . - 0.03
Remin 0.04  0.03 0.04 0.07 - 0.06
. Lysozyme 0.03 - 0.08 - 0MN4  0.03 0.04
. aygTuco,smda’se +0.04 0.04 O 06 0.05 '0.07 .\
None 032 0ae o 14 014 o 15
c-casein . *Remmin . 015040 gy o o2,
. *lysozyme 0.4 032 0.14- 005 .07
o *glucosidase 014 012 0.16--0.17  0.22,.
. Nonel, 0.04 . 0.04 0.4 004 0.08
Calcium- - ~Rennin " 004 0,05 .07 0.08°  0.10
Caseinate |\ coryme £ 0.03 003 0.04 g.08 Q. 04
~e-glucosidase 0.0 0.06 0.06  0.06  0.09

*Average of two detenmnatlons all other results from one determnatmn 4

‘rotems mcubated w1th enzymes at pH53 for] hr at 30 C




‘WfW'é' CTABiles “,_k\ﬁ\ .
AMOUNT OF NITROGE& (mg) SOLUBLE I 123 TRICHLORACH%IC ACID
| AFTER ENZYME TREATMENT OF PROTE{NS (zo~mg) |

. ™
' “

AR Do T »'IncubationVTime (mins) - ,
4 - Treatment © 0" - 15 39 ' 60 130

TNeme 003 gz 0.03 0.0 .03 .

as;caseinj ~ Rennin . ©-0.03.- 0.03 ‘0;03 - 0.03 9.03
: o Lysozyme - g g - 0.03  0.03  0.03 .03
. *8-9lucosidase 0.0 . 0,06 0.05 .06 0.07
Nore : 1'0\64 el - ;@ 0.04
‘s~(.:as'e1"n' Renmn L 0.03_ 0.04‘ 0.04  0.04 - 0.04
L Lysozyme ' 0.04  0.03" 0.04 0.03 © 0.05
, Skg]uc051dase - 0.05 _0 04 0.06 0.04 0.05
e v N,~._Jv~~—«a—s“~" e " R
,“_%WW“meMm <f~V“WﬁF” - - . 0.10
“-casein Renn1n — 0.1 -0.18 - 0.28 027 o0.30
‘ - *Lysozyme .. 0.08 -0.08 . 0.09  0.10 . 0.09
_ ‘#dlucosidase © 0.10. .19 g4y 0.1 0.1%-
None s 004 0,03 003 .03 0.04
Calcium Rennin. " 003 ¢.qa. - 0.04 0.05  0.06_

‘caseinate Lysozyme. o 0.04/ - 0.03. 0.03 0.03 0.03 -
| ~ #~glucosidase  0.04 . gq 0.05  0.08 oo

*Average of Iwo determinations, a1 6ther'resu1ts irom one determination
- Proteins incubated with enzymes at-pHE3 for 1 hr at 30°¢ .
' o R T o



;\Figure 24.  TCA so]ub]e mtmgen from renmn and e-g>1ucos1dase &
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. Blank determlnat1ons were consistent throughout, ‘with no enzyme
W\ i N
added the protelns d]d not show an 1ncrease in soluble n1trogen with

)

_ respect to t1me though the amount der1ved from K~case1n was h1gh4k‘tha@._7
: .found in the other caSe1n fract1ons In 2% TCA rennin showed slight - f‘
v1ncreases in the amount of so]ub]e n1troqen.fﬁom as—case1n and ca1c1um

' case1nate, K- casenn gave a considerable’ amount as expected. The amount
solub]e in ]2” TCA after, rennin treatment was Tow from o ~case1n with a o
’ sl1ght increase 1n ca1c1um caseinate;_the hydroph1l1c macrog]ycopept1de
was respon51b1e for the apprec1ab1e amount in the case of <-casein after

2 hours 1ncubat1on Vo def1n1te trend 1n the increase of so]ub]e n1trogen
could be found after ]ysozyme treatment of the prote1ns in either the 2%

o

or 12% TCA. In 2% TCA the -q]ucos1dase treated case1ns all showed some
1ﬁcrease in the anount of solub]e n1trogen, ag- and t~case1n to a greater
‘degree than the other two fract1ons In 12% TCA on]y as-case1n ShOWed

a s]1ght 1ncrease 1n solub]e n1trogen after J-g]ucos1dase treatment.
'G: 'Gas-Chromatoqraghg ‘rv‘ ;1_‘t D | i" '5‘ o '3
1. standards o~ EE L
SR R | »é,n
To attempt 1dent1fgcat1on of’carbohydrates sp11t off the case1ns ‘.'
by glycolyt1c enzymes, the der1vat1ves of a number of standards vere pre= -
’pared In Table 7 the carbohydrates the relative retent1on vo1umes of :
e]ut1on w1th respect to ‘the pyranose form of a- D galactoselder1vat1ve‘ ! :
fand the probable structural form of ‘some of the 1somers are shoun,together . ;é
| 'wlth the re]at1ve molar detector reSponse vgtﬂxrespect to D galactove ‘
,So1ut1ons of sucrose, ma]tose and u—lactose uere dr1ed and der1vat1zed

~

"leav1ng out the methanol1c hydro]ysws and re- N acety]at1on steps The -
. A .
p031t10n of these three dlSdCChd!]deS on the chromatoqram were def1ned 1n

;} A I EIR -,;’.u
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' Tm157 7,\ S :%‘»gy$@<
RELATINE RETENTION TIMES OF STANDARDS WITH RESPECT TO THE , ¥}
a-PYRANOSE I)Of‘rQ OF D GALACTOSE ; RELATIVE P’OLAR DETECTOR RESPONSE v
WETH RESPECT TQ RESPONSE OF D-GALACTOSE
- - " v ) » " . t . ) ’ . . ’
Hethyl Glycoside Isomer(?) Relative Reténtion Relative Molar
& ' ‘ L ‘ Time 41gm> Response
. . i\ i - e
L-Rhamnose o L 0.66 - 1.13
(6-Deoxy- ~L-mannose) L R a v R
L-Fucose fe 7 068 . -
(6 -Deoxy-L- ga]actose) a-p 7 -0.66. . 11,02
N o 8p. . o088 - 7
' D Mannose t‘ o , 1 R . 094 0.92
D-Galactose P {0.97 | s
| o Ca-p - 1.00 < .00
: L8P o T
D- Ga]actosam1ne e o 1805 T g ;0.80
. (2-Amino-2- deoxy D- ga1actose) v P S ;
_ D-Glucose o ‘a=p 1.05
D- Glucosamlne 1.10 SRR 0.77
{(2-Amino-2-deoxy-D- -glucose). 1.17 ’
N-Acetyl-D-galactosamine . | PRVARN I 1 NN .. +0.63 .
.(2 Acetamldo 2- deoxy—D galactose) o SR
. N-Acetyl-D-glucosamine B-p ' 1.33 R 0.48
(2-Acetamido-2- -deoxy- . a-p S 1.39 TR e
D-galactose) ° : - o PR
.Neuraminic acid - 1.68 = > - 015
~ (Sialic ac1d) o ‘ ‘ v
- Sucrose . S o 226 ,
Lactose B a- L2221 L )
B 8 23 .
~ Maltose . o . 2.69 o

7(1) Isomer designations from C]amp et al. (1967).qndewee]ey_qnd’Vanée
- (1967). f = - furanose; u~p a-pyranose; £-p = g-pyranose
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‘ . . . o ‘
order to check that the methamé??c«hvdrel)s1s procedure hacd reached

completion when analyz1ng the casein samples All other saro]e wnre
refluxed in methanolic HC] but no re ~N acety]ated except for 51a]1c
ac1d a]] der1vat1ves were formed from the methyl g]ycosxdes, i €., the |
ﬁ~OH in the C-1 position was converted to an ~0CH« group (Fig. ts)t The
fstructure of s1a11c acid aft ter methanoﬂys1s and silylation is shown in

',Appendwx LII (Sﬂee]ey and Vance. 1967) ‘ ,

The re-j- acety]at1on ‘procedure accordlng to C]anp et a] 1 67) ’

wig attempted on D- ga]actosam1ne but results were orratlc ard not

“nrél1ab1e enough for quant1tat1ve vork, no reaSon could be found for the

prob]ems encountered although high purlty reagents were used throughout T

g

"iethanolySIS of N- acetyl ga]actosamlne and h»acetyl-neuramlnlc acid: for _’

,nd 6 hours gave the same quantitative rsults, no D»ga]actosan:re vias

:duced and no shxft in the retentlon volume of N- acety] neuramInlc

';ghwd:could be detected whee]ock and Slnk1nson (1969) postulated that

_-‘;the N- acetyl groups wera not removeiydur1ng methanol1c hydro1y515 of

- milk glycopept1des although no quant1tat1ve details vere Given in. the

‘_ report | In thls prOJect thhout us1ng re~-N~ acety]atIQn, a cons1derab]e
portion of, the D- ga]actosam1ne was found as the am1ne ‘and not X- acety]ated

_'The amount of N-acetyl -D- galactdsamlne after conversron to the‘e"J1va1ent

p;amount of D-galactosamine was comblned w1th the amount of free amina and

.

reported,aﬁ total D- qa]actosam1ne¢

The monosacchar1des found in \~case1n were 1dent1f1ed by retention
-volume and then" by 1nJect1ng known standards together with the carbohv-
drate derwvatlves of x—case1n The lnterna] standards 1ncreased the

respect1ve peak areas and he1ghts of the <vcu§e.n der1ved “en;s under

~
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- g-Tactose =~

e hylrgéD—ga]actoSide f-;7'} R methyl 5~D g]uc051¢e

. N (CH3)351NH31(CH3)3/
'Yiék'_ R (FH3)3SIC]/C5H5N.

| CHO(TMS) ' ‘x

methyl (tetra-0- tr1methy1511y1)-
I —ga]act051de

v methyl (tetra 0- trlmethyls11y1)-
- 2-0- -glucoside o

S ¢
- TMs = -si-ch,
CH,

F1gure 25 ~ Format1on of the tr1methylslly1 der1vat1ves of c-lactose
- atter methanol1c hzdro.y31s :

./D.
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%e éﬁHTV§$fdrange used on thh chron@fograph was 10']] /ND’

“attenuation was 1/64, attenuatlons be]ow th1s caused

Iquidﬁphase degradat1on At this-level 1 x 10 59 of
Qr‘peak of /100 mmy 1n he1ght though the m1nor peaks
‘i.ta\ffe

ed and larger amounts of der1v;t1ves 1ntroduced The

. For the quant1tat1ve work higher attenuat1ons

AN
v ‘gept to g mtnwmum to aV01d the build up of products N
> (%y ‘-\' . \ “
U pyrolys1saon ﬁhgtdetectdﬂ%collector r1nq and the detector hous:ng,

A

the vo]ume waé'a]wa&s;ﬁ u] or less Larger injection-volumes also caused

g@he 1nJect]on peak and b]eed1nq of the 11qu1d phase, k\
Qﬁfg%urlous peaks whwch cou]d be confused with carbohy—
dra;dgddr1Vattve;«at lpw concentratwons The peak areas were ca]cu]ated
by tr1angu1at1on, 2 baseline was drawn at the base of the peak cont1nu1ng
the norma] base11ne tangents yiere drawn to the most linear portlons of

the ups1ope and downs]ope and cont1nued to 1ntersect the base]1ne and to

AN

1ntersect themselves above the peak ape

| _\5\\‘$\s\5.

TN SO . 7 '
| i e ‘,,, R ' S
2. Carbohxdrate Contam1nat1on of Fnzxmes |

N ,
Renn1n and B-glucos1dase after methano]1c hydro]ys1s and der1va—

t1zat1on were found to be chtaM1nated with carbohydrates, no carbohy-.

drates could be detected from 1ysozyme Renn1n was contam1nated w1th

D- galactose and D q]ucose 1n equal proportlons, the tota] was calculated

to be” 66% by we1ght Nith the amount of rennin added to the prote1ns ‘the

carbohydrate contam1nat1on Was s.gn1f1cant and the/ga]cu]atcd anount had ' '\"

© - . 1 : Tt

.
»
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"vto be subtracted from the amount duc’ to other sources. In:the case ot

sl

B~ glucos1dase the contam1nants Were D~ nannose and D ga]actose, thc tota]
- amaunt was 7% by wewght 627 ~of th1s due to WE mannose and 38 duo to D~.j
j'ga1act¢/ In the amount< used 1n the prote1n treatment these carbohy~~
*!bdrates vere not detectab]e and no. correct1ons were made in ca1cu]at1ons ‘
~5V;°dfof carbohydrates from @»g]ucoswdasé treated prote1ns he 1n1t1a1 qua11-,“
: tatxve work was des1gned to’ 1dent1fy any carbohydretes re]eased from ‘the f
»ca:eEhedractlons due to enzyme actlon The caseans were treated thh the
‘ enzymes heated in a bo111ng water bath for ten m1nutes to 1nact1vate en-
’:,“ zymes then p]aced 1n a d1a1ys1s bag and dialyzed for 48 hours aga1nst 4
“ 11tres of water The dialysate was then evaporated down to 25 m] and

%

‘,port1ons dr}ed ydro]yzed and der1vat1zed Incon31stent results were

q&ta1ned the re roduc1b111ty of resu]ts vias very poon after much tlme had

been spent try1ng to 1mprove the method 1t vias abandoned in favor of 'v\\\\

4
f11trat1on methods It was thought that contam1nat1on cou]d occur dur1ng

d1a1ysls and that the evaporat1on procedure may lead to feaction of pro—
S

ducts of thefenZyme treatment.

3. ﬁas Chromatogra y of the Fw]tered

B ' Products of Enzyme Treated Caseins ‘,
3\ A, ~ . : : ___/

The exper1menta] scheme 15 shown 1n Figure 26.. A glalitative

J‘;}A
study was carr1ed out 1n1t1a11y, the hwghest sen51t1v1ty possibTe was used N

S

on the chromatograph 10~11 amps/mv x-1/8 and x 1/4. The base]vne pro- |

éi;hs in these ranges ware ser1ous but maJor peaks coqu be recognmzed N

and" were 1dent1f1ed Lower sensitivities were used for quant1tat;ye '

[4
’

- work and standards vere oreparod of approxivistely té\ same conCentrat1on

T as encountered frou the caraohvdrates QFFﬁV‘. from tne caseins. Detector



Protein, 10 mg?ml,vO;OQZ’M phosphate huffar
pH 6.3, incubated 1 hr @ 30°C
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Figure 26. Diagram of the origin of‘samp]es'for ca}bohydra
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response of the’standards vas found to.be linear over &he‘narrow‘ranges

J Problems were encountered in the determ1nat1on of D~ galactosam1ne,

ﬂga]acﬁbsam1ne and N-acetyl - neuram1n1c ac1d, after two o?Qﬁxree

sdﬁp ; ﬂad been removed from the vial for ana]ys1s the peak areas of

>

these der1vat1ves began to d1m1n1sh s1gn1f1cant]y Since tota] samp]e
N

vo]ume vas 0.4 m] the effects of opening: the v1a1 and a]]ow1nq air aod>

nnlsture to enter affected the stab1]1ty of the der1vat1ves The
aé“

“standards of these carbohydrates wede made up 1n 2 ml of the der1vat1z1ng

BN

~mixture and were stable for at 1east two days even after removing up to
s1x sawp]es per day. Der1vat1ves\pf D- ga]actose, and D g1ucose and
D-mannose were not. affected to the same degree and were stab]e ﬂfter the :

‘ v

am1no sugar der1vat1ves had deter1orated o v N

4. as- and arcaseins : : I ///

-

"No carbohydrates could. be detected after methano]1c hydro]ys1s '
and derwvat1zat1on of the ag= or 8~ case1ns Enzyme_treatment‘d1d not
: re]ease any detectable carbohydrates. v B . E
5. e-casein B ' , o
| According to the work of,Huang et al. (1964), «-casein prepared
by the method of Zittle and Custer (1963)~¢ontafns 29 mg of carbohydrates =
per g prote1n The comb1ned molecular we1ghts of s1a11c aC1d% 298
¢?. da]tons, D- ga]actose 180 da]tons and D- ga1actosam1ne/ 179 da]tons g1ve -
o a comb1ned total of 657 da]tons ' Assuming the molecu1ar we1ght of K=
casein to be 20 000 da]tons this totai represents 33 ?g carbohydrates ber
gram-of «- case1n Alans and Jo]]es (196]) found the carbohydrate content ,

of wv-casein, prepared by the method of McKenz1e and. Wake (196]) to be . 50.

' mg/g The s1a11c acid content of K- case1n varies cons1derab+y=endwmay
« B!

2
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/Pe dije to the stage of lactatlon (™ ackln]a/ and Uake 1971). uns.ng ]Oamg ‘

of «-casein-the carbohydrate content of the -—caseln used in this - ;tudy .

was. found to '‘be 23.5 ng/g (Tab]e 8) B

.

RennIn treated v-casein revea]ed the sam amounts of carbohy- foe

drates as wergupresent f"”fﬁ*\untreated protein, Tne carBBhydrates were

as1e to pass throug?f/he 100 ooo Filter and most through-the'.a,ooo

f1ltnr No carbohydrates from ..~casein passed thnpugn the.LEBOO_fI]ter

'\" o '\-"

’

» 6. CalciumCzseinate = r o
" <

Ca1c1un caséinate wa; found to»be tontamlnated wmth ]actose wh1ch

o after hydro]ys1s and s1]ylatlcn gaVe derivatlves of p galactose and o

—~ .
,\_/’;/
*

D -glucose. The tota] carbohydrate con am1nat1on 21 ‘gégjxnade detect10n
of other der1vat1ves dIffﬁcuTt» The«amount of D—galaztosamxne due to

K~ case1n was qasked by the «-D- a]ucbse peak and at hlgh“sens1tIV1ty recog—l
nition of other peaks was 1mn0551b]e'due to the poor base]1ne. Enzyme "

treatment ‘of the ca]c1un case1nate did not reveal any change in the peak '

‘areas of d}/ywatlves of the untreated prote1n f]]trat1on did not cause

'ef‘any reductlon in these peaks elther whlch wou]d 1nd1cate that the origin .

htof the D——alactose and D~glucose was lactose

—

WA ORI
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. . TABE S S .
- ’ CARBOHYDRATES FOUND IN «~CASEIN - (ma/q <-CASEIN). .+« ",
" Total D-Galactose 'D-Ga1a§to§amine; Sialic Acid
50, ¢ - -12, PR L S .28 ‘Alais and Jolles, 1961
" 28.96 9.2° .. 6.06 . 137 Huang et al., 1964
23.5 © 10.4 A3 88 -This study*
‘ ‘"*Average'of three determinations (3 rep]icatésﬁpef determinatidn)- ‘
. s o . , A ,
A2

CARBOHYDRATE ANALYS;S OF FILTERED FRACTIOWS FROHM RENVIV
TREATMENT OF <- CASEIH (Tg/g \-CASEIN)

,FiTtéf'Frécfjénl‘ D-Galactose iXD~Galacto§émine Sialic Acid Total,
3o Unfiltered 10.7 - 48 87 2.2
100,000 - 104 0 46 < g2 g3
"~ 25,000 o 8.2 3.8 - »~ 57 - 12.7
| o oy - |

1,000 %0 . 00 < 00 . 00

. o v
e . ¥
S

Average: of . two det@rminatidns (3'rep]icates‘per determination)‘
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N DISCUSSIO o

As the methdds used, in th1s study were adapted ‘and mod1f1ed

1 from other sources, it was degmed’ adV1sab]e to preface the QIscus§1on
. L, .1F'

~ :
with a br1ef d1scuss1&{'\of the pr1nc1pa1 too1s Therefore Ahe daecourse

is d1v1ded 1nto two’ sect1ons ’J} q{ S e . : B

A D1scgss1§n of refhods o o “g" | S % o

SDS gel e1ectrophorevxs Was used extens1ve1y to take advantage
- of the mo]ecu]ar wewght detérm1natlons that can be made The ana]yt1ca]
\‘{f pnatedure was the sdme for a]l protelns s;ud1ed, not requiring different -
buffer systems for each CaSEIH Jfraction, SDS ge] e]ectrophdres1s\ﬁism\
| been used exten51ve1y in the studwes of musc]e prote1ns and enzymes
-(Shap1rad§ ]967 Weber and Osborn, ]969 ay et al,, ]973), where
the bands are genera11y more d1screte “than 1n casein e]ectrophores s due
“to the homogene1ty of the prbts1ns The heteroaeneous caseins wou]d be
'} expected to form broader bands, as seeé in the case1n\fractaon gels, and -
ﬁth1s causes prob]ems in 1ﬁterpretat1on as seen in the ca1c1um caseinate
-%§§e1s. On]y tentatlve 1dent1f1cat1on 6f the major case1n fraﬁ%ﬁans can 8

i) .
e

be made since standards of pur1f1ee

case1ns are not ?ead1]y ava1]ab1e

©
g -

N

It would be 1nterest1ng to check t e pur1ty of -, £~ and k-caselns ;

used 1n th]S study w1th h1gh4y pur{f1ed preparat1ons of other workers

§¥\_A Preparatxve SDS gel e]ectrophores1s cou]d be erp]oyed to 1nvesti—-'

< gate the compos1t10n of the casein preparat1ons and degradat1onxproducts
wh1ch resu]t from enzymekathon This wou]d 1ead to the 1ndent1f1cat10n ’
of the enzyne: sens1t1ve bonds and the comp051t1on of the fragments

It was not poss1b1e to make apy mathematxca]3c91cu1at10ns to_

i

account for the or1g1ns of the degragat1on products, % e‘, the add1t1on

' =
of the. mo]ecular we1ghts vf unlts of Lﬂ( d»rradatlon products dOLS not
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coincide thh the molch]ar we1ght of ‘the parent pure prote1ﬁ§~f/Th1s
. may. be due to- the uncerta1nty of the mo]ecu]ar weights 22 ca]culated 3

' from the gelg, the abnormal m1grat1on of 1yso;yme is an e;;mp]e of thls'
; _prob]em (Dunker'and Rueckert, 1969). Since very cons15teﬂt results were

. obta1ned3:poesibiy\rete$ of degradat1on7cou]d be ca}cu1ated using &
densitometer to obtahn euahtif;;;ve results Problems occur, however, <
if the ste1nab111ty of the degradat1on\Products is d1fferent from_the
parent mater1a1 None of these prob]ems are 1nsurmohhtab1e a;;o:;e;;FE—_¥
tive as well as ana?ytwca] SDS gel e]ectrophore91s»SMﬁ’1d prove to- be of

‘.great va]ue in m11k protein research due to its s1mp11c1ty and versatr]xty.

v

.

The tr)ch1oraéFt1c ac1d so]ub]e n1trogen phase of the work was
';carriedbout ﬁn ohder{tO'amp]ify the resu]ts of the ge1 e1ectr0phoresis.
The use of the recent]y ava1]ab1e ammonia specific ion electrode uas .
| certa1nly rewarding and W1thout doibt th1s method saved a 1ot of time -
<and gave cons1stent results. ' '
In studweﬁ of the deghadat1on of whole milk and casein fractions

by renn1n the measurement of TCA so]ub]e n1trogen as a parameter of the,
| progress of the react1on has been estab11shed (Nltschmann and Bdﬁren, :
:‘1955 N1tschmann and Beeby, ]950) ~In 2% TCA peptldes and hydrophlllc
-prote1n fract1ons are soluble in 12p TCA@bqu h1c y " +droph lic macro;
pept1des are so]ub]e, The only casejn fraction so.uble ih.lzi TCA is ¢
'the”hachéglycepegtide the attéched trisaccharide beihé fesponsible for
the add1t1ona] hydroph111 ity. o | ’ \

) The ana]ys1s of arbohydrates by gas chrcmatography using the
vo]atxle tr1met y1s11y1 der1vat1ves vas- chosen 1n order to g1ve both |
_quant1tat1ve and qua]wtatwve resu]ts from the ]1m1ted amount of sample

mater1éﬁ ava1]ﬁble Each ana]ys1s requ1red;three-day$ but was foundl;n be-
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et ai. v(1967) the order of e]utIOn of th

e - % 101.

satisfactory. A]though there viere no chromato rams pub]1shed hy C]amp
g

v eethy1511yl der1vat1ves of

the carbohydrates were the ‘same 1n thls study. Good peak reso]ut1on vias
obtained using the 11near temperature Pprogram Bf 4°/min fubm 30°C to
°00°C\‘S1344C“8C1d Was riuted after the final temperature had been

R

reached_jhough peak Symmé try and w1dth was st]]] acceptabIe No advan-
“4

_ tage-wou]d have been ga1ned us1ng the temperature pregram of C]amp et a1

A

(0. 5°/m1n 140°~200 C) in fact the h1gher startlng temperature was

foundﬁto be a d1st1nct d1sadvantage due to excessive ta111ng of the

\

: 1n1t1al so]vent and excess reagent peak. The methv] glycosides were

\

prepared by hydrolys1s in O 75 NHCT 1in anhydrous methano1 which eliminated

A

', the requ1rement of « separate method for the determlnat1on of H- acety1

‘ app11cat1ons such as concentrat1on of macromo]ecu1es and the recovery of

‘neuram1n1c acid.’ SI]ylation was carrled out using a mixture of pyrid

,tr1methy]s1ly 'ch13?511ane and hexamethy]ened1s11a"ane All ~OH groups

are s11y1ated glv1ng h1ghly vo]atlle derlvat1ves which. were~separated on
\

a co]umn us1ng SE30 as the ]1qu1d phase. Accord1ng to Wheelock: and

Slnkunson (]969) the re-N-acetylat on step .can be omgzted the1r shorter""

preparatlo time for preparatlon C the methyl glycosidaes {3 nours) was

found o be - 1n5uff1c1ent to g1ve comp]ete hydrolys1s The 6- hour “ReFlux

t1me used in this study probably caused some. hydro]ys1s of N- acetyl—

vgalactosamlne but re-N- acetylatlon accord1ng to Clamp et a1 (1967) was

not found to be re]Iab]e

The M1111pore Pel]1con membrane f11ters,are used in a var1ety of

< !

macromolecular soiutes, fractwonat1on of maC'OmO]eLU]eb on. the bas1s of

'molecuhr welght pur1f1cat10n apd concentrat1on of \acter131 and v1ra1

vcu]tures and ln dctox1f1catlon oF b101001ca1 products Anothis sludy a -

\ ’ ' . 4.

-
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method was required for the study of agg]umerat1on of proteins and to ™
Ve
separate any -carbohydrates re]eased/trom the casein ?ract1ons after

£s A

enzyme tree}ment Although slow .11trat1on through the 100,000 filter
~~wa§/somet1mes found,no prob1eMS ‘were encountered with the 25, OOO and

| JSOO filters. The usevof filters, in preference to dialysis, - in the
.'attempted recovery of carbohydrates re]ea,ed frof the prote1ns, obvuatod
,"the need for ré@ucwng large vo]umés of d1a]ysate to dryness before

| hydroys1s and derivatization. Th1s reduced the risk of contam1natlon

and speeded up the analysms%;

-B. Di:cussion of Rasults -~

., s

At the beginning of the exper1menta1 work on thws pPOJeot it was
proposed to use rennin as a reference s1nce its act1on on the caseins
~-has been w1He1y discussed in the 11terature' Gel e]ectrophores1s resu]ts
.showed T1tt]e proteolys1s of calcium case1nate though cons1derab]e de-

stab1]12atton takes place giving rise to clot format1on{_ The expected
‘drastic effect on «-~casein was—We11 illustrated (F1g. 6b, 7b), its marked
"eftect;on a;ACesein (Fig. 3b) aﬁd,td'a 1esser extent on Béoasein (¥}g. 5b)
-was c1ear“eiidence\of “the: general proteolytie}oropehties of the enzyme‘
.A1though ag@base1n stays in solut1on after regnin treatment on]y 3 very =
sma]] amount will pass the 100,000 f11ter (F1g 11ds, lleSI) wh1ch wou]d
1nd1cate aggregat1on tak1ng place. 1n add1t1on to the degradat1on by V
,renn1n. The s]xght proteo]y51$ of e-case1n by renn1n 1s not accomgan1ed
'by aggregation, to the same degree-as with' u5~case1n ~case1n after o
rrenn1n treatment’ 1eaves noth1ng in: so]ut1on detectab]e by ge] electro-~-
phoresis, the prec1p1tate showswhmgh]y aggregated para~u—case1n of . which "

only a emgllsgmount passes the‘TOO OOO f‘ieer atter SDS treati nt (F.

18eP, 18fP1). Strong 1nter-molecu1ar d1 u]p 1de bond1ng must be onn of
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the maln causes since thn add1t1on of DTT before c]ectrophoresr° allows
m1grat10n of the para - Case1n to the ]2 000 dalton région on the gel.
A]though only minor proteolysis can be dete%t_: on the ca]cium’caseinate /
ge]ﬁ/after rennin treatment a def1n1te reduction in the amount pa391ng
‘the 100, 000 f11ter was seen (Fig. 21laP, Zlel), as compared to the ugﬁ
| treated sample, 1nd1cat1ng aggregation tak1nd‘p1ace 1n th1s case. lf’_'
I Tr1ch1oracet1c ac1d soluble n1frogeo/endorsed the ge] e]ectrophores1s
, work a con51derab1e amount of so]uble n1trogen was=detected in both ]2“.
and 2% TCA after rennin treatment of «-casein; the amount-so]ub]e in 2%
TCA due to the macrog]ycopeptlde (N1tschmann and Beeby, 1960). Detectdb]e |
damounts of soluble n1trogen in 2p TCA were found due to renn1d treatment
of us—caseln and.calcium’ caselnate o ’ P | t °
The amount of soluble nltrogen 1n TCA af*er\renn1n treatment of
calcium caselnat; and «- caseln compares favorab]y with pub11shed data
On a pegcentage bas1s the final amount of so]ub]e nltrogen after renn1n
tggatment of ca1c1um case1nate 1s 8% of the total or1g1na1 amount in 2%
TCA; and 4% of the. total is soluble 1n 12” TCA compared to 4» and 1.5%,
respectlvely from who]e casein (Nltschmann and Bohren 1955) Approx1-_'
' mately two- thirds of the n1trogen so]ub]e in 2” TCA after rennin treatment
of <~6a5e1n }s prec1p1tated w1th 12% TCA concurr1ng wlth the rEsults of
. N]tschmann and Beeby (1960) v \ii
| | Carbohydrate analys1s showed that rennin re]eased tge ‘”glycoé'
| pept1de from x—casetn which was abl to pass the 25 000 fl]toé?zzzonot .4
_the 1 000 filter. Srnce the est1maf>§ ‘molecular we1ght of the macrog]y-
copept1de is 8 ,000 da]tons the resu]ts are cors1stent with ex t1ows.

-

Ho- carbohydrates could be found 1n ag and .~caseins ufter mcthano]1t

3
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hydro]y51s of thc untreated fractions. If methanolic hydrh]ysis hed
failed to release bound carbohydrare then after proteolysis with'
rennin, the carbohydrates may-haVe b:&p made more auxe;ejble; however
carbohydrEte.ana]ysis failed to reveal any carbchydrates released. from
ag=~ or.e—césein due td~rehnin action, | LJE \
Trypsih V25 only used in the 1n1t1a] stud1es and- 1t5 actlon was
rear]y 1dent1ca1 in every case w1th the product10n of a 9, 000 dalton
band. The sta1n1ng intensity of this band would 1nd1cate that it does |
 not account for all the original substrate other fragnents may have’
passed right through the gel or were so d1ffuse as to be 1ncapab1e of

,.

visualization after staining. The 9 000 dalton band is quite discreet’
'f_vand may 1nfer that all casein- fractions conta1n a relatlveny énall macro-
pept1de re51stant§to proteolySIS. ’ .

‘The ge]s of Iysozyme treated caseing shoved no eVldence of de-
gradat1on, however a small amount of u -casein was prec1p1tated from
salut1on The maJor1ty, wh1ch stayed in soTut1on, would not pass the
100'000 f1]ter (F1g 12dS) 1nd1cat1ng conSIderab]y more aggregat1on than

“the untreated ag—casein Aggregatvon’of the g-casein, as~case1n and J
‘ca1c1um case1nate was not detected compared to untreated sanp]es and no

, TCA soluble nltrogen was found due to the actlon of lysozyme on any of

. the case1n fractlons, 1nd1cat1ng no prote1n degradat1on /No carbohydrates
were released from a5 s B- Or x- caselns hy ]ysozyme. The mode of act1on
of lysozyme in ag-casein aggregat1on is obscure partlcular]y 51nce asv
casein is effectwve]y deyoid of cyst1ne or cysteine res1dues vhich are H

_ prom1nent Ain prote1n aggregat1on.l The carbonjdrates in .»ca501n _vere

not affected but V1sua] oerrrvafwon of the r‘nnrn of 1" 02yme Qn C01P1an
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caseinate showed destabi]izatien Thys destabilization must be due, in
part, to the aggregat1on of as—case1n by- lysozywe B
8- g]ucos1dase showed 3 marked degradat1ve effect on Js case1n
particularly the more pure preparat1on {Fig. 2d 3d) This breakdown of
: sﬂcase1n was not accompan1ed by aggregation, as the treated sadples-
showed s1m11ar f11ter1ng character1st1cs conpared to the untreated
samp]e (F1g 13) Some degradat1on of z-casein was detected due to
B- g]ucos1dase (F1g 5d) but, once aga1n no aggregat1on (Fig. 17).
L1m1ted degradat1on of x~casein was: ev1deht dUe “to ~-g]ucos1da$e, with |
.the so]ub1e fraction hawwng the same mo]ecula? weight as para~z—case1n
(Fig. 6e, 7e) Neither the prec1p1tate“nor the solub]e fraction were
fllterable through\the 100 000 f11ter, 1nd1cat1ng aggregatlon (Fig. 19eP
19f5) This was in contrast to untreated z~case1n 1n ‘the case of the
prec1p1tate. The cffect of “~gluccs1dase on calc1um casexrate was not
Aﬂ“ﬁ%ar aggre‘at1on took place (F1g 9d) and the bands IQ//Be gels became
- b]urred (F1g 23) Th1s phenomonon may be due to the trdnsg1jcosy]at1on o
reaction cat 1yzed by the enzyme . A]though this act1v1*§ is not the

major one i

has. been shown that p~galactos1dase will form o]1gosacchar1des

: from lactose (w1erzb1ck1 and K051kowsk3, 1973) Lactose was Surpr1s1ngly
hard to renove from ca]c1um casewnate #hee]ock and Sinkinson (1971)

i,: found that lactose remyined in m1ce]le preparat1ons even after d1a]y21ng
aga1n<t unning water for severa] days. With high b0und or assoc1ated '

_ carbohy'rate content prote1ns are d1ff1cu1t to electrophorese under the

~conditions used 1n this study ‘and b]urr1ng of bands MIght be expected., ‘

] The TCA soluble n1trogcn analysis of —»g]ucos1dase treated caseins

-

endorsed the resu1ts of thegp] electrophOxe51s,'

in 2 TCA there were

appreciab1e amounts soluble from the rg- and :wcasein samples and smail
: ‘& _ * . A : -
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amOuhts from s~casein‘and ca1cium caseinater No hajor omounts here
found so'l'ub-']e in 12% TCA, the soluble peptide wou]fi therefore noi -be
<xpected to contain carbohydhates. The cafbohydrate analysis of g- = >
g]ucoeidase treated caseinsidid not revea] any removal of carbohydrates :
from the proteins, the t11sacLhar1de of «-casein did not appaar to be .<?u
_affected 5~g1ucos1dase did not appear to be promot1ng the re 10va1 of
carbohydrates Trom the prote1ns, it did novever cause acg,ﬁagflon of
~case1n and promote degxada*wcn of ag= 3— and w-casein. the’ chrulative"~
effects of n~Q]uc051da>e vould enable destab1]12et10n of the m1ee11e
though the spec1f1c actwyn of th1s enzyme on calcium caseinate and’ *he
vpur1f1ed fractlons cou]d not be def1ned in this: study.
Theuvwsua1‘observac1ons of the casein fractions‘treated with .
’rennin‘ trypstn, ~Tysozyme and e~g]ucosidase,clear]y indjcatedfthat the
‘enzymes were affect1ng caic-un case1nate and w-casein; {n additfonllyso-
zyme showed some effect on ag~Cas in. ~As no evidence of broteése con-
tam1nat1on of the. g]yco]ytlc enzymes could be found the visual effects
rmust be the resu]t of the prope%t1es of the glycolytic engymes. The |
effects of. rennln have been Studled extens1ve1y (Mackxn]aj%gﬁv‘wake, L
.1971), although'\hws study did reveal ‘some 1nterest1ng new data concern-
ing 1ts effects on the case1ns, part1cu1ar.y in. regard to the ag g*;c;txon
phenomena. _The stud1es of Bakr1 and UOlfe (1971) ‘and uo]fe (1971) had .
“shown that lysozyme and a—gluc051dase would,destab1112e the milk n1cel]e
Bakr1 and Nolfe workJ?g on a m1ce11e preparatlon assumed that fhe
carh\hydrate moiety of <—case1n was be1ng affected 1n some way by
lysozyne though this study d1d not produce any ev1den a to substaitipte '
© this theory In the work of Hoi fe curd ferm1t10n due” 10 \h"1CL10n of

8- gluc051dase on whole milk was stud1ed Ho other data on tnc chccts

of 1 sozyme and geg]ucdSIdase on the caseins has heen published.
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Severa’ researche s have pointed out that it is difficuﬁt to
relate the effects of enzymes on purifﬁed.casein fractions to the E?F;tﬁ
on the micelle. The extract1on and purification of the fract1ons requires
the use of 1arge quant1t1es of chem1cals wh1ch may denature the prote1ns
The secondary and tert1ary structure of the proteins wou]d‘be altered °
durjng‘purification and it is dgubtfu] tf'the protejns‘would return to
their normal state after the removal'of theSe"chemica]sf The eta ilizing
power of K= case1n aga1nst ag-casein prec1p1tat1on w1th galcium c‘feride

”varles according to the method of x~casein pur1f1cat10n (Zittle and

_Custer, 1963). The use of ethanol fo prec1p1tate the protein sometimes

caused a redQCtion in_the-stabilizing power of «-casein and was thought
to be due to‘denaturation Purified fract1ons are str1pped of the stabi~:
lizing effects of each other and the contr1but1on of inorganic 1ons,'
.therefore they wﬁy behave qu1te differently under these cond1t1ons In

this -study thlS point .is well 111ustrated aavthe purer preparatxons

'_showed much more susceptibility to enzyme action than the less pure pro~

teins. Stud1es on ‘the pure casein fractlons can’ p1npo1nt the propertles

of the proteins .and their suscept1b1]1t1es to. dlfferent treatments, these -

features may not be as obv1ous when studying the 1ntact m1ce11e or may

- be masked A ‘case in p01nt 15 the degradat1on of -casein by renn1n

this’ can be better 111ustrated using pur1f1ed preparat1ons of «-=casein.

Renn;n has. been shown to 1n1t1a11y attack a phenyl- a]anlne

inethiqn\ne bond in <-casein (De1four gt_al:, 1965) and reJease a:peptide

containing the, trisaccharide moiety: “In the theories of miceiletdestabi;“
1ization great emphasis has been put on this point.. A]thOugh'the'carbo;
hydrates certa1n1y contr1bute to the hydrophilicity of the protein thé

xn—ca&ﬂn 1tself is more hydroph1]1c than e1ther a%éyer s~casein and any
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10ss of »-case1n as a who]e or as Fragments would cause destab1l1zat1on
Rennipn, ]ySOZyme and \vglUCOS1doS€ a]l han the con:en propevty
}of affecting ag-casein. In th1s study it was found ~that with ag-casein :
rennin caused degradation and‘ﬁggregat1on, 1ysozyme caused minor preci-
pitation bdtggajor qggregation and -g]uco;1dase caused degradat1on

~ without aggre§hfion. These phenomena were demonstrated in the absence

~of ca]c.um which is known to cause prec1p tat1on of u5~aase1n It ds

. apparent from the results of this study that prec1p1tat10n cannot be .

taken as the so]e cr1ter1on of enzyme induced mnd1r1cat1on oF ae—caseln
or of other case1ns The f11erat1on results indicate that angro at*ﬂn
does not have to be accompanied. by degradat1on 1n the case of lysozyne
the. effect is subtle and shou]d wviarrant further study of the effects of
this enzyme on prote]ns, part1cu]ar]v with reSpect to pos 1b1e’catalysis
of side group mod]flcatlons. ‘
as—CaSEIH is heterogeneous but.the major portvon 15 known, in
'more strict casein prote1n nomenc]ature as asl- casein and 1t is thlS
fract1on that exh1b1ts the genet1c var1ants wh1ch can be separated hy
starch gel electrophoresis (Thompson e; al., 1962). These are termed
651—A a51-8, as1ic and_ ng—o caseins. 'These genetIc var1ants do not
Hd1ffer very great]y in molecular veight, so]ub1l1ty or pnosphor"s con-
'vtent and have 1dent1ca1 term1na] end groups The slight d1ffe*ences in
.f‘am1no ac1d sequences and contents are.. enou@h to g1ve different Wob111t1es

and separation b/ e]ectrophoras1s.

In the SDS gel, eIectropIore515 resu’ts 1ysozyme was shown to

v

9

. prec1p1tate a m1nor portmon of ‘é—cascxn (F1g 12),_r%nn1n and :-g1ucosidaself“

2

traatmrnt sho\f” dz gred:t1on of f3-caLein {Figﬂ,11;,]3)} Thn rinar:

effect of Iysqzyme.precigiggtion\may,be~dugitéﬁﬁtajaéijéﬁ on

Toeowa .
v

diinor protein.
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fractions whxch are known to be assoc1ated with «cy-casein and precipi-
tated with &S] -casein in the purification procedures used ip this study.
vThese wminor assoc1ated as-case1ns differ con51derab1y from Sé] -gas&in.

- Annan andManson(]969) prepared fract1ons of us~case1n whwch
were not genet1c\var1ants ag-casein was subjected to starch gel elec— .
trophores1s at pH 9.2 g1v1ng Six c]ear]y def1ned bands wh1ch were coded |
according to mob111ty uso-case1n ran ahead of the naJor component
aS]-case1n, ‘the others, ag2=a 453-;.54~ and ag5- caSe1n, coded in order -

of decreas1ng mobility. 155 casein has since been tentatlve]y 1dent1f1ed:

: as a d1mer of ;S3~'and aé4-casein, probab]y 1inked together by a disul-

‘phlde bond. The molecular weight of 245~ casein has been ca]cu]ated to _d.“”

a?

N

be 65 750 daltons by Toma and Yakai (1073) and 67, 500 daltons by Hoag]and ej’
et a] (1971). 453- and 454 caselns have 1dent1ca1 molecu]ar we1oht t‘ﬁd
31 800 dal tons reported by Toma and dakal (1973) or 33 700 da]tons re-

-ported by Hoag]and et al. (1971) A]though these minor ds~case1ns

--qual]fy as calcium sen51t1ve, stabnllzed by <~case1n and prec1pe¢a;“"
us]~case1n there are some 519n1f1cant d1‘ferences

’ference is the\\resence of cyst1ne or cystelne in the ugg~ cas‘j”*‘

res1dues are not present ln ls] casein. <-casein does not 1ntig_gi

asy- case1n to the same extent as with 45] -casein to: prevent calcium

prec1p1tatlon These minor as-case1ns are 1gnored in mwcelle strucLure E

~ theory as indeed are the mhey protelns It wou]d be 1nterest1ng 10 deter—

m1ne the effect of rennln lysozyme and —dﬁucos1dase on these purwfled

as~case1n fract1ons, as these enzymes are known to’ affect crude ug)-casein.
| og- and a~case1ns apparently contain l1tt1e ordered secondary and

tertlary structure This 1s not Surpr1s1ng as the pro]lne content of:

“s1~casein and :-casein is high, 20 residues/mole and qq_res1dues/mo]e,'
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respectively (Mercier.et a].\\i?71); This amino acid is known to inter-
rupt the he]1cq&’and 3- structu es in proteins. -

The charge and average hydrophob1c1ty of ag~ and g- case1ns ‘varies
~considerably in d1fferent segments of the prote1ns (Farre] 1973). The
CN- termlnhl port10n of s-casein is the least hydrophobic, the maJor port1on

of the ‘net negative charge of the protein found in. the first 43 res1dues
from ghe N-terminal end /ﬁs-case1n conta1ns seven of the eight phosphate
res1dues and twe]ve carboxyl residues between ‘residues 43 to 80 of the
prote1n and is the 1east hydrophobic port1on |

Bnly minor changes cou]d be detected in the gel patterns of en--

2yme treated calcium case1nate, wh1ch would 1nd1cate that on]y 11m1ted

s a

modlflcatxons of the constituent prote1ns were respons1b1e for destab111—
2at10n or»c]ottrng. The factors respon51b1e for keeping the micelle 1in
c6lloidal suspensiontare inhde1iceteabalance and proteolys§s~4s not the
sole cause‘of destabi]ization.j The'caseinskareﬁsomefof the most hydro- -
phoch prote1ns known (Bige1ou 1967) and small changes in &é-casein

[ structure cou]d have a profound effect upon the 1ntegr1ty of the micelle.
In the theorles of mlce11e structure it. 15 proposed that there is an-
intimate relat1onsh1p betugen ag- and «- casein and between A= and K-

| caseins. In the case of- the act1on of rennin and A- g]ucos1dase, thej

thegraoat1on'of as- an& -caseln may upset the-assoc1at1on of n-casein’
with' uSQ and 3-casein anesany loss of «-casein associated w1th the
degradat1on wou]d have a da stah111z1ng effect on the m1ce11e 1 From the
results of thlS study it would seem that mod1f1cat10ns of as= and 3=
casein vere 1mportant in the destab111zat1on of the m1ce]1e

The aggregat1on of the prote1ns in ca]c1um case1nate by g~

g]ucosidase_15‘not»accompan1ed by any.v1sua1.ev1dence of ds'CGSG]ﬂ



s
degradation nor by any marPed 1ncrease in the amount of TCA scluble pep-
t]des Tnere is no visual ev1dence of -S- or :-casein degradatlon due

‘ to rennin. treatment in the ca]c1um caselnate gols. The nicelle is

~

e
thought to haxe a porous structure (Ribadeau-Dumas and Sarnier, ]970),

wh1ch can be penetrated by rennin and by other enzymes If enzymes could
penetrate the mlcel]e there shou]d be ev1dence of prote1n degradat1on
It would appear From the ev1dence fnom this study, that .-casein may be

“predominantly situated on the outer'Tayers'of the mfte]]e_andienzymegj~7
do not penetrate the micelle itself. Rennin. and z-glucosidase both de-

grade purified og-casein and bbth enzymes shouid’be‘cma}l enough to
penetrate the micelle (on the evidence of Rlbadeau Dumas and Garn1er)

but no: loss of xg-Casein| band 1ntens1ty is seen g@ tha ca]c1um caselnate

gels, Therefore, the de radat1on must be effﬁ§§ inhibited or the enzymes
“are unable to penetra 2 the micelle. The basis for the theory that the
lmlcelle is porous, accordlng to Rlbadeau—Dumas and Garn1er is the fact

~that carboxypeptldase A quant1tat1ve]y removes C- term1na1 rc51dues from

ag-, 5— and elns However, in the mlcel]e nndel of waugh et a]
(1970). the ro ette formatlon of ag- and s-casein env1sag°s the N-terminal
prot1ons of he proteins to be h1ghly assocwated at the center and the
“C- term1na1 ‘ c1rCumference. This. conf1gurat10n wou]d s
v'_aI]ow carboXyp' dase A to attack the C-terminal res1dues wwthout havwng
| to per. irate to the center of the subm1ce11ar partlcle. «~case1n »ou]d
va]so be access1b1e since the nnlecule/:;\chought to be assoc1ated with
the C term1na1 portions of ag- and «-case1n. By.the-calcu]ated size of

; the degradatton products of reanin and ¢ —gluc051dase action on the casein
"fractions the pept1de 11nkages whlch are ‘attacked must be some d1>tance

from the C- term1na1 end of the prote.us and 1ndeed could be c]oser to the

K f s —



R o 112.
. ‘ " ~ A} . ":’::, ’ v > . .

N-terminal =nd. The closer to the N-terminal region of ag~ and s-

case1n fhat c]eavage pccurs the more difficult it would be for the

enzymes to penetrate wh1ch may result in the lack of as—caseln degrada~

tion in calcium case1nate

; The theory that the carbohydrate m01gty of <~case1n cou]d be

mod1f1ed or remoged by lysozyme or ;—gluc031dase in order to destab1]1ze _

E mg the ‘micelle was d1sproved in this study. The act10n of these two enzymes

!
rema1ns obscure, the effects were demonstrated but the mechanlsms of
destab1112atlon _were not found. Renn1n,]ysozyme and 5~gluc091dase do not

have drast1c degradat1ve effects on ca1c1um caselnate and yet are ab]e

to 1nﬂuce destab1llzat1on In the ]1ght of‘the f1nd1ngs of this study

. the trlsacchar1de of: <-case1n is not'of paramouynt 1mportance in the

,stab111ty of the - mlce]le. No ev1deqce was galned to support a theory

that any orie of the constltuent proteins was more important than another

in m1ce1]e stab1]1ty It .was not found p0551b]e to relate the effects of
,'_the enzynes on the caseln fractlons to the effect on - the mlce]]e It is

gqmte p0551b1e that lactose wh1ch vias found d]ff}cult to remove from

- ca1c1um caselnate, and uhey ptote1ns, which must be able to penetrate
"} ey -

s

m1ce11e accor ng to the theory of the . pﬁrous nature of the mlce]1e

\
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a-D-galactopyranose e : ‘ g-Dlgalaéﬁopyranose

Y

2
.
a-D-galactofuranose ', - g-D-galactofuranose

- APPENDIX II.  Haworth formulas for the ring structures of D-galactase
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APPENDIX'y, Descrtptiongof enzymes used fn‘thig study | : ,

Renntn (3. 4 4. 3), or as 1t is somet1mes cal]ed chymos1n, is <
descrlbed as peptidyl- pept]de hydrolase. Its act1v1ty is standard1zed
by xts mllk clottlng ab111ty, one renpin unlt is def1ned as the renn1n

[

-gfyiﬁy which will clot 10 m] of reconstituted m1]k substrate in 100 o

]‘seconds at §3°C (Berr1dge, 1945) Since the substrate is subject to
'varlations, the British Standards Inst1tut1on supp]1es ampu]es of
"freeze dr1ed ‘rennet of known act1v1ty for standard1zat10n. .
Tryp51n (3-4-4-3). is also descr1bed as a pept1dy1 peptvde hydro—
] lase' Extracted from beef or hog pancreas the enzyme 1s assayed using
f N~ benzoy] L argontne ethyl ester p- to]uene su]fony1 L= arg1n1ne methy]

ester or casein as the substrates, the un1ts of acttv1ty are relate to

the substrate enployed Ihe enzyme hydro]yzes peptides, am1de and

esters at bonds 1nvo]v1ng the carboxy] groups of L- arg1n1ne and L- 1ys1ne.

| Lysozyme (3-2-1- 17) is an enzym° which . hydro]yzes mucopo]y—
sacchar.des present in the ce]l wa]]s of cextain bacter1a and slou]y
b hydro]yzes chitin ft'1s found in tears, nasal g&cus sa11va and b]ood
serum of humans and in a number of tlssues and~secretlons of dtfferent
‘an1ma1 vert1brates and 1nvertebrates and in plants. ‘The activity of
f lysozyme 38 assayed by observ1ng the rate of lysxs of dlCFOCOCCusfh.

Y

‘1xsode1kt1cus by spectrophotometr1c measurements at 5 0 ma-'

T
- of acttV1ty corresponds to an lncrease in opt1cal dens1ty of 0. 001kper .

minute at pH 7 and 25°C Lysozyme oceurs in bov1ne mllk at the rate of
13 ug/lOO @} i hunan milk it is present at 40 000 uQ/]OO ml- (Chandan et a]

“ 1“1968) and 15 thought to contrtbute to the antwbacter1al act1v1ty in human

m1]k. The lysozymes of d)fferent souii

B :_

a\
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s—gTucbéidase_(3r2-l~21) extracted from alnonds is described
uSystématicallv as a S»D-97Ufo°{de gluéohydro1a<é It is a common plant
enzyme which catalyges traQSgn)cosylat1on or more common1y hydrd]ysis* |
reactions ‘with Javglucosmes The assay of 2-glucesidase is carried & -
_out by following the hydrolysis of'salacin one un1t of act1v1ty co?res~

ponds to the 11berat1on of 1 umole of 3-D- g]ucosﬁiper m1nute at 37°C
\Nelson 1944).
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