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The method of Horizontal Starch-Gel Electrophoresis for the study
of casein and purified ensymes was satisfactorily developed. Its
application to the study of casein and casein hydrolysates has
been discussed, with particular reference to polymer separation

and nomenclature.

The possibility of purified rennin existing in two polymeric forms
has been shown.

The use of indigenous starches (potato and cereal) did not give
promising results in electroploresis. Fossible reasons for the
failure to obtain a suitable hydrolysed potato st , comparable

in properties to the imported hydrolysed starch, have been discussed,

Purified remnin appeared to have phosphatase activity on casein,

the liberation of the orthophosphate being accompanied by the exposure
on the causein molecule of arginine guanido groups, giving an apparent
ultimate ratio of moles phosphorus released to moles arginine exposed
of 1:2. Rennin did not possess phosphatase activity on synthetio
substrates containing an -0-P- bond,

The possibility of phosphorus linking two arginine residues through
their guanido groups on the casein molecule (i.e. an ~N-P-N- bond)
has been discussed.
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PART I



In any electrophoretic method the mobility of an ion is directly
proportional to the net charge cerried by thet ion. In a buffered system
the charge on a protein nolecule is dependent on the pil of the gystem end
the protein type, 5 well ss the type of buffer used (1) . Buffer ions moy
modify the charpe an the protein molecule through coubination with it and,
hence, the latter need not necessarily have the same net charge in two
different buffer systems of the same pil ( ’2’19).

Sekiiilen = wia. Khie Prat. So Gevelop Mie wekhol of Horlsentel
Starch-Cel Electrophoresis in his study of bovine blood proteins. The rew
material consisted of a high grade potato starch which had been partislly
hydrolysed by o 1:100 concentrated hydrochloric acid scetone mixtwre at a
teaperature of 38.5°C for a suitable pre-deternined time ‘**), For each new
batch of potato starch pilot scale experiments must be run to determine the
optimum hydrolysis time. Partial hydrolysis of the sterch is done evidently
to reduce the viscosity of the starch solution (O7"%) ¢4 an optimm level.

* Unless otherwise stated, Starch-Cel Electrophoresis means

Starch-Gel Electrophoreais as per the method of Smithes (3,5,) as distinct
from Unhydrolysed Starch-Gel Electrophoresis in the method of Bernfeld and
Nisselbaum (26).
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Poulik and Smithies (&) state that"the hydrolysis time is based on
the mechanical properties of gel, obtained with a hydrolysed starch concentration
of 14 g per 100 mls. of a buffer solution”. The buffer used comnonly was 0.02 to

0.03 M sodium Yorate 37,

A suitable quantity of the hydrolysed starch was heated in a suspension
in the buffer and the viscous de-aerated solution (1,3) was then poured into
suitable perspex or plastic trays (5) for setting into a gel. At the appropriate
time protein solutions were applied at the slots in the gel and current applied
at a suitable voltage. At the end of electrophoresis, the gel was sliced and the
protein zones made visible by staining. Details of the process are given by

smithies ¢193). and Poulik and Smithies %)

Some Modifications of the Method

The method originally worked out by Smithies (3) was Horizontal Starch-
Gel Flectrophoresis; the process being carried out with the gel tray placed
horizontal on the buffer compartments. The horizontal method, lowever, suffered
from a process of 'electro-decantation', (1,5) which tended to occur in the

protein solution in the slots of the gel during a run,

In Smithies' modified procedure (5) of Vertical Starch-Gel
Electrophoresis, the negative face of the slots was made horizontal to ground
level; the faster moving moteins, though causing a density gradient, moved into
the face of the gel, the force of gravity, and eleotrophoresis working in the

same direction. Theoretically, therefore, mo ‘electro-decantation' would be

expected.

'Electro-decantation' in Horiszontal Starch-Gel Electrophoresis was
prevented if the sample, under analysis, was applied in the gel as a saturated
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strip of filter paper (1) or, slternstively, the sample's viscosity wes
inereased by the addition of starch grains befare epplying the solution in
the slots V). Either method, while reducing greetly or eliminating
*electro-decantation®, did so at the cost of decreased resolution of the
protein mixture; the first possibly by adsorption of some proteins on to
the filter paper itself or through poor contact as a result of the peper's
rough swface, and the second by irregular packing in the gel slots (1,5),
The penerelly =ccepted technique in Horizomtal Starche-Gel
Flectrophoresis is to incorporate starch to the extent of 1% in the sample (7),
although Pert et ol. (6) mentioned that the actual quantity of starch was not
critical.

Wake and Baldwln (7) used s Horizontal Starch-Gel Electrophoretio
eppsratus, ainilar to that of Smithies (3), but to facilitate slicing, the
6 mn tray sides were divided into three 2 mm desp parts esch - the bottom 2 mm
section being cemented to the tray, whereas the top two 2 mm sections were
removeble, All three sections were in position when the starch solution was
poured into the trey. For slicing each of the top two sections were removed

in turn.

However, the most radical change from Smithies' original spparatus
for Barizontal StarcheGel Electrophoresis () is dus to Cumninghes md
Nagmason (&), These workers have described a plexigless freme, made in two
identicsl U-shaped parts which fit on top of each other. The U-shaped freme
mmu.wwm. Hydrolysed sterch solution in o
buffer was poured in after clamping the tubing at cme end, The gel set srownd



the filter papers placed at either end of the tubing ond these served
eventually as contacts in the actusl electrophoresis. It is claimed by
the suthors that the spparatus described was simple, compared to Smithies'
apparatus, and prevented eveporation and undue temperature changes in the
gel during electrophoresis,

The simplicity of thelr spparatus is accepted, but the suthors dia
not give any evidence on the separation of proteins in this spparatus. =nd
it is doubtful vhether a major advance has been made on the other problems
mentioned sbove i.e, evaporation and temperature changes, Smithies'
technique already keeps evaporation to a minimm. Hest conduction may be
faster perhaps through the tubing than with the perspex.

Hinor modifications have been suggested in the staining and weashing
procedures,

Yoo whaining, Sedtien *%) dn in. wludy o s pEckilns sEed i
saturated solution of Amido Black 10B in methenol + distilled water 4 glacial
acetic acid in the ratio 50:50:10. The seme solvent mixture (without the dye)
was used in the washing of the stained gels. The gel sections were held in
the dye solution for half a minute,

Z1ton et Erart (9), in their stuly of owesl proteins, used o ons —
ninute staining time. Rubinstein et al. ('°), in a quntitative study of the
measurement of proteins in Starch-Gel Electrophoresis found that bovine serun
albumin upteke of Ilapthalene Black 10B dye (imido Black 10B) was the meximum
efter four hours in the staining beth,
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It appears that, with staining, it is imperative to keep the gel
section as long as is practicable in the staining bath, to allow the dye to
penetrate tharough the gel for proper staiming of the separated protein zones.
The concentraticn of the dye in the solvent does not appear to be nearly so
critical as the time allowed for the dye to gein access to the protein zones
within the gel. This would be particularly important for detecting the minor

components in a protein mixture.

Seversl workers have attempted to modify or add to the washing
procedure to make the stained gel more transparent for easier detection of
minor protein components, and for more dependable photometric studies of the

protein zones using transmitted light,

Thus, Vake and Baldwin (7) incorrorated glycercl to the extent of
10% in the weshing sclvents. Vhen washing was completed, the gel was
transferred to a gluss plate and covered over by a fine textured rilter-paper,
“which had been soaked in the washing solvert. The whole was lef't to dry
overmight s{ room tsmpérature anc the filter-paper was peeled off i1n water
next day. An investigation showed that a marked contraction snd reduction in
the thickness of the gel cocurred by tids aetl.od, which did allow the easier
detection of minor components, as claimed Ly the authors. Glycercl prevented
the gel from ing brittle and. from experierce, gels so treated kept flexible
for aix months at least, s0 long as they were not subjected to a temperature
higher than room temperature and were kept closed in a box or a file.

Apart from keeping the gel moist, glycercl had ancther function -
that of increasing the transparency of the gel. GCratzer and Beaven (11)

obse:rved that clear gels could be obtaimed by "matching the refractive index



of the sterch with & licuid which replaces the water in the continuous phase”.
They tried morpholine (NA° = 1.455), but this was "ddssgreesble to work with',
apart from producing m:fzwdala effects on the gel texture and protein
stability. The use of glycerol (N2° = 1.473) was more successful. £ gel
atmmﬁmidoﬁlmkmﬂdhnagemmntbyimrsimm
giyomol (M), She shained and wsbiod sade o0d also s Heated 15 glyouril!s)
to get them transperent.

Fine oni Yeczosenko-z\12) clatwed to have chtained o completely
transparent gel by cpplying a 1.5¢ solution of ager to both surfaces of a thin
gels The exposel agar surface was then covered with Watmen No. 1 filter-peper
for even drying and ebsoxption of non-volatile mineral salts. The gel was
finally drded in the oven at 37°C for 48 hours.

Vesselinovitah (13) botled a stetned and washed gel in 107 scetic
acld solution, and claimed to have made the gel cleaver and the dstection of
minor components easier, This method was imvestigated and it certainly spreared
to clear the pel. but it cleared the minor protein zones off the gel too, axd
the clain that these were more easy to detect certainly was not substantiated -
not in the case of casein components anyway. Also. the gel became brittle amnd
diffioult to handle.

sattntes (1) mentioned that, efter the stained gel was washed in the
usual methenol:water:acetic acld solvent (50:50:10), it could be further
dehydrated in a second solvent cantaining more methanol, i.e. (70:30:10), end
finally immersed in benzyl alochol. Although complete transparency was achieved,
& mmber of difficulties were slso encowntered ('), namely, the gels became
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rigid and brittle, and "benzyl alcahol wes a powerful solvent for many
lecquers and varniches penerally used in electronic equipment”. Demsge

to the optissl instrument was, tharefcrs, possills, Croulade et aly O'¥)
suggested two posaible treatments to improve on the fragility end opalescence
of gels, which both involved the use of an infre red lamp.

Of the modifications given above, Wake and Baldwin's () method
seemed most suitable and was used. It appeared the simplest and the gels
kept far six months at least.

Pine and Wasszozenko-Z's agar method was not tried, meinly because
of tie Fius Pastur dnvolved, Ol workers 19) Suve vwed s wethiod.

Sgetion II:
Photogrephy of the Stained Cels

Since the protein zones tend to lose some of their colour over a
period, workers in this field have attempted to photograph the stained and
washed gel, as scon oo posalble after processing to maintain a permanent recurds

{
Smithies () suggested the use of a Kodsk Hicrofile 35 mm. filn with

a Wratten A red filter and Tungsten lamp illuminciion. He also suggested verious
developer fomules ani recommended oertain paper types for final enlargments.
Weke snd Baldwin (7) used a Kodak contrast Process Pan £ilm ami a Wratten G
£ilter,

Fhotogrephs of Starch-Gels, shown in this thesis, were taken in an
Alpa reflex cemera, uming Ilford Super Pam, 25 A.S.A. extra fine grain film,
A red filter wes used to obtain a good comtrast on the photogrephs.
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Transmitted turgsten lomp illumination through a yellow plastic box wes used.
and the gels werc placed on the plastic box and celloteped at the corners.
Developing ond printing was done by o Palmerston North photo studio. No detall:s
are aveilsble, axcopt that it was carried out es usual as for commercial

photographs on ordinary photographic paper.

Jaine $16) gogoribed a method for cbtaining rapid cantact prints

dstmm. However, the contact prints were not sultable for ruproduction

() Definition of Free-Flectrophoresis end Zome-Flectrophoresils:

By Pree-Flectrophoresis, we refer 10 a process ocawrrin in

dilute solutions ith the resultant pertial separation only of the differcnt
f e\
fractions, e.f. oving=loundery Electyophoresis in the Tiselius spporatus sels

In Zone-Electropharesis. a solld naterial is used as a
supporting mediun vhich allows the separation of a mixture into distinet zones.
Apart from this, the zones may be made visible to the eye by stailning methods,
e.g. Filter-Paper Electrophoresis, Gelatin, Agar and Starch-Gel Electrophoresis,
ete.

A fine account in the theory and practice of Moving=-DBoundary
Electrophoreais has been given by Longsworth (2).



The proeess is carried out in a Ueshaped channel containing a
buffer and a low comcentyetion of e protein mixture. On the passage of
current, the proteins move in a direction dependent on the pH of the systen.
A partial separation of the proteins occurs if convection currents are
avoided,and speeinl cpticel methods sre used for the recording of the
refractive index or its gradient along the arm of the U=tube, which
distinguishes the overlapping boundaries of the partially separated proteins.
In any arm of the U-~tube, the lighter solution is always sbove the denser
ane at each boundory {2/, at the end of the process, and this stabilization
through gravily is characioristic of this method.

Wié Timeliim opparston Y117 ant e reiabedl opitiesd soanmive
devices are a complex and costiy outfit, and compleie separaticns of a
protein mixture has not been achieved yet. The spparatus, in iie most
modified version, hos nol solved the problem of convection currents wshich

tends to cecur in the U-~tube,

Recovery of the separated proteins is a difficult process 2/,
The left arm of the U=-tube is open to the stmosphere and it is possibie %o
insert a capillary Wibe attached to a syringe and withdraw the protein
leyers at the boundariecs indicated by an optical device. The only components
which can possibly be {zken out pure are the fastest components on the left
arm aml the slowest in the xight arm in very small quantities. Often the
latter carmot be obtained pure, due to the spreading of the descending
boundaries (2) .

Lengswerth ()12 s condlunton gainteine et $n wpite of the
complexity of the spperstus and its limitetions, it s+ill remains the mildest
ﬁpmﬁmufwmmwmmaaﬁﬁrmumxm
proteins. The process cen be done et low temperstures and the proteins do not,



at any stage, oome into contact with a non-aquecus phase, which may give rise
to irreversible changes,

(idi) PFilter-Paper Electrophoresis

The mrocess of Pilter-Psper Electruphoresis cocurs in moist
chambers (19) ; the filter-paper {generally vhatien No.1) being placed
horizontally within the chamter with its ends dipped into the buffer compart-
ments of the electrode vessels. Current is passed for the desired time at the
desired voltage after a micro-quantity of samnle is applied at one end, At the
end of the process the paper strip is stained and, after washing, the stained
protein zones are measured by either the elution method (elution of steined
zones and measuring optical density of the sclution), the light reflection
method, or by cirect photometry. In the latter method, the paper is made
transparent by various chemicals (19) such as glycerol, or a mixture of
paraffin oil, and o -bromonaphthalene,ctc. The use of these solvents was to
get the refrastive index of the liquid phase in the paper to approximate that
of the cotton Iibres of the paper, thereby increasing transparency {19).

The technigue has meny modified versions and descriptions

of the simplest apparatus (20) to tie somewhat more costly apparatus (19) have

been giver,

Paper Electrophoresis is a Zone Elsctrophoretic method. lts
advantage over Free-Electrophoresis is that the solid support medium (i.e.
filter-paper) stabilizes the migration and the process is not affected by
convection due to heat. The equipment is less costly and simpler than in
Free-Boundary Electrophoresis.

The process, however, suffers from certain disadvantages.
It is possible, as in Free-Boundary Electropboresis, for electroosmosis to
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with respect to the buffer and the latter, being the moving phase and
positively charged with respect to the paper, tends to flow towards the
cathode and affects migretion of the components.

The passege of current heats the peper and increases evaporation.
Consequently, the icmic strength of the buffer tenis to vary, which will uoein
attwek migretion T17). Beparntion 1s velwoel by velng B = 19 Plvessin e
propylens giyesl in the butfer (21,

For pood separation of components, it is imperative that there
should be no *physical sorption' or 'chemical sorption' on the peper of the
somposerks V0, S Taber Anfeat iy T Ak 65 Dipoptiise 45 s Pl
paper, mainly the ash content. Attempts to modifly the surface of the paper
to reduce electroosmosnis snd adsarption have been made, end Vunderley (19) his

cdted some refercnces on the subject,

o e Tondleegs 12 Ftadadng it e pemovel oF daconi Sye
connected with it constitutes the most difficult step in the technique of
Papar Electrophoresis with regard to reproducibility". The intensity of
colouration is not proportional to the concemtration of the substrate. Also,
there is no evidence to suggest that iwo different proteins at the seme
concentration would have the same colour intensity which makes quantitative
evaluation difficult.

Wunderiqy concludes that peper electrophoresis under standardized
conditions, end partieularly with sutomatic technique, has gained a relisbility
of reproduction. Protein zones can be mede visible to the eye by staining, and
separation into diserete zones is a great adventage over purely boundary
separation, ss in Free-Boundary Electrophoresis. However, the difficulty of
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preparative procedures still remains, since the sample applied to the paper

is in very small quantities.

(iwv) s ~Grain Elect resis

A common procedure for using various granular supporting
media, like starch grains, is to simply meke a2 homogeneous paste with a
buffer and pack it in semi-cylindrical glass troughs or rectangular plastic
voxes (#23),  gigatrophoresis is generally horisontal, although a vertical
arrangement is recommended for reducing electroosmosis (22). After electro=-
phoresis, the block is segmented at the parts where zones are present (using
a filter-paper pressed against the block and stained, as an indicator of the
zones) (22). The protein zones may be eluted by centrifugation or merely
letting the starch settle down to give a supermatant liquid containing the

separated protein. Other methods are mentioned for the recovery (23 ).

Advantages of using granular starch in block electrophoresis,
as against silica glass pow:er or asbestos fibre, is that the starch granules
give a very homogeneous packing with little tendency to "melt' when handling (22,23 ).

Sharp bands can be applied at the origin.

Bloemendal (22) states that adsorption of most proteins on
starch is very small, but other workers (1,23) have contrasting opinions. The
elution of proteins from starch segments is easier than from gelatin or agar-gel,

an important factor for preparative purposes,

Some disadvantages are that electroosmosis, though lower than
in most supporting media (2"'), may still cause poor separation in this tonhnique{‘zz).
While the method works well for larger sized proteins, those below 30,000 in
molecul ar-weight do not migrate freely - possibly tlrough entrence of these
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smsller molecules into the swollen sterch gremules (23),  Purthermore,
"gmall emounts of soluble earbohydrate, phosphorus compounds, ninhydrin
positive materials and ultre-violet ebsorbing substences ceuse difficulty
in snelysing the isclated fractioms”.(2?)  DifPsciittes encountered with
specific proteins have boen emmerated by Kunkel end Trsutmen (23),

The tedmique was originally described by Gardon and his
comvorkers (25), ibout 2% to 3 agar may be used (723 4n o burfer to fam
the gel. The gel may be prepared on microscopic slides (23) or on plates
18mx6m(27).

Cut sections of the gels are steinable, as in the case of
Filter-Paper Llectrophoresis. There sppears to be little adsorption of the |
proteins i the peth of sigration EET) | vt adsarpkion cocurs in e siit
where the sample ic opplied. The technique eppears relatively aimple.
However, there are soveral dlsadventages.

Agar 18 1tself an alectrolyte 257 sma is 11ab2s to fom
complexes with proteins, TIts use is, therefore, limited to those proteins
which will not interact with it.

Agax is strongly acidic, due to the presence of an ethercal
sulphate for each galactose unit (27), and gives rise to considersble
electroosmotic backflom Preperative work is 4ifficult sinoce traces of
carboliydrate and other substences persist following isolation of zones from
agar-gel (7» 23)
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A brief description of the actual technicue has already
been given. In this section the advanteges and disadvantages of the method
vill be discussed snd comparisons made with other electrophoretic methods.

Starch-Gel Electrophoresis, which has hydrolysed starch as
the supporting medium. has the edvantage of zone detection by staining
methods characteristic of Filter-Paper Electrophoresis, and doe: not suffer
from the serious adsorption defects of Starch-Grain of Filter-Paper Electro-
phoresis. It retains the adventage of Agar-Gel and Starch-Grein Electro-
phorests fn e syrtSorkion of e seeils a8 & sutrow dnittal aone S wnd
the seperatel monss sbow 11841s aistertion V10 327), 1abs amrce)
Electrophoresis. it is adsptable to take small quentities of sample, but
appears to give beticr resolution then any other method,

Thin sections for staining are possible in Starch-Gel
Electrophoresis (3) » as against Agar-Gel Electrophoresis and Starch-Crain
Eleetrophoresis,
There seems to be very little éleoﬁ'oomosia in Starch-Cel
Electropharesis (9,26)
greater mechanical hindrence in the gels, Snmithies (1 ’3)r'eportad, however,

compared to the cther methods, possibly due to the

the osmotic flow of serum Y globulins, particulerly in lorizontel Sterch-Cel
Electrophoresis,

The greatest adventege of the StarcheGel Electrophoretie
method, however, lies in its ability to separate proteins on their molecular
size and shape, mmtmwmmmmmmm("3'9). In
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this it surpasses even Agar-Gel Electrophoresis. A 1% agar, for example, is

said to have a free space almost equal to that of free solution (28).

In the
starch-gel, the pore size may approach the molecular size of some proteins
which are offered greater resistance to movement. Smithies (1) gives
experimental evidence to show that the "starch-gel mobilities of proteins are
in the inverse order of their molecular sizes, despite the fact that on Filter-
Paper Electrophoresis they had approximmtely the same mobility at a similar pH".
In Moving-Boundary Electrophoresis, Filter-Paper Electroploresis, Starch~-Grain
Electrophoresis and Agar-Gel Electrophoresis, "the greater frictional
retardation of the larger sized proteins is compensated for by a greater net
charge”. This compensation does mot wurk in Starch-Gel Electrophoresis, due

to its own characteristic hindrance to the proteins.

This hirdrance could, however, be a disadvantage too. OSome
proteins are trapped in the slot itself and do mot enter the main gel blook(
This could be due to adsorption in the slot as in Agar-Cel Electrophoreszis or
due to excessive hindrance of the Starch-Gel, as may be the case with certain

naom-globulinl( 25 ).

The property of Starch-Gel Electrophoresis of superimpesing
resolution by molecular sizes on resolution by free solution motility introduces
another kind of danger which does not appear to have been solved yet. Franglen
and Gosselin (¥), working with the dye bromocrescol green, made the rather
startling discovery that Starch-Gel Electrophoresis separated not only distinctly
different substamces, but also metastable polymers of a monomer, i.e. separation
into different components was no demonstration of heterogeneity by itself. The
numerous reports Go) on the h.tom;pmity of human and bovine serum proteins,

9,23)
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and of milk proteins (7) , enzymes and hormones, as based on Starch-Gel
Electrophoresis mist, therefore, be accepted with reserve until this peint

is clarified.

Qther difficulties pertinent to the other methods remain with
Starch-Gel Electrophoresis, although perhaps to a lesser extent. Thus, in
the photometiic vvaluation of the stained gels, less trouble, due to opacity,
is encountered with agar and starch-gels than with stained filter-paper, but
the trouble is by no means very much less, as will be appreciated from the
discussion on modifications of the washing procedure in Starch-Gel Electro-

phoresis earlier on.

Furthermore, there are differences in the dye binding capacity
of different proteins and with stained filter-paper, agar and starch-gel
pattems, Beer's law is not followed with regard to comcentration and colour
inteneity o9,

Starch-gels also suffer from there being a certain amount of
background protein present in the starch originally. Gordon's work (51)
indicates that the background protein in a starchegel could well be about 5%
of the cacentration of that in the heaviest band in a gel pattem. It is
easily possille, therefore, that in a study of any protein by Starch=Gel
Electrophoresis, a wminor component could be missed, even using spectroploto-
metric methods of scamning, since the optical density of an area of gel,
containing no bends, would not be very much lower than one containing a weak

vana(?),
The method has not significantly solved the problems of preparative

vork which was evident in the other methods. Smithies (') briefly disousses
four methods by which the separated proteins may be recevered from the gel,

namely:
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(1) Pieces of gel could be macerated with a buffer solution.

(pifficulties: Incomplete recovery, particularly with lerge
noleculsr-weight proteins, dilution of proteins).

(14) Gel frozen, thawed ond liquid centrifuged, or sucked. or
squecezed out of the sponge like gel,
(ifrioulties: Pieces of gel may get into the sample, wnd
irreversitle adsorption of the proteins to the frozen
precipitated starch is possible)

(492) Taawe of grotalni by & seeond dlectaients (2152},
(Diffiadties: Proteins diluted and method cumbersome if
nany fractions have to be isolated but recovery can be
ainost complete (1,51) e

(iv) A collection slot made 5 am from the sample slot in the
gel, A verticle flow of buffer solution (41ml/hr.) across
the collection slot enables proteins to be collected as they
reach the latter,
(Difficuities: Some dilution. but less than other methods,
Not slmys Jesk-dree (af. Eiton snd Bt 39)),

Of the shove. No.(ii) has been used most (7’9), since it is simple
and rapid, and dilution with a buffer is not necessaxy, Obviously, however,
the problea of large scale preparative work remains unsolved.
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The desisn and set=up of both sppercbus followed basically Suithies?
description (3,5) with some minmor modificclions. in the actual process, Vottex
cloth was used for contucts between the pel owitce (vl the buffer compartoont
of the clectrode vessels at elther end, insto: o {ilter-poper, sinece vetbex
cloth oifers less recistonce to the current {4l doos the filter-peper (3 3). She
slicing technique follored wos that of VWaolte ond Daldvdn (7), tut the cutting device
was a piece of Mo, 33 gauge resistonce wire (dianctor Ue25 mm.), instead of the
Nos26 wire (7). aince this facilitatod slicing.

Thealotsint&gel,omrhai:ﬁnathcmgle,mmﬂbymll
pliofilm strips. and petroleum Jelly at 15% weg pourcd over the strips. The
rest of the gel murfuce (except the portions covered by the Wettex cloth contacts)
was covered by a sheet of pliofilm to reduce evoporotion. In the vertical method,
however, ths whole of the gel murfacs ws covered with petwoleva jelly ) e o
plastic 134 was spplied with the help of clastic bends,
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OF 1D STARCH-GEL RETIC ARATUS

A, platinum electrode;
, borate buffer (pH 8.6) in electrode compartment;
» wWettex cloth bridges scaked in borate buffer;
, compartmsnt containing borate buffer (pH 8.6);

B
C
D
E, urea starch-gel contained in perspex tmay;
F, position of sample insertion;

G

s Ppliofilm seal to prevent loss of water during electroploresis.

(see SMITHIES, O. (1955) : Biochem.J. 61 : 629.
WAKE, R.G, and BALDWIN, R.L. (1961) : Bioohim.Biophys.Acta, 47 : 225).
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It was found necessary to apply either a thin polythene strip or
a layer of petrolsum jelly on the gel sides in the horizontal method, during
electrophoresis, to prevent undue ewaporation and shrinkage. The bottom of
the trays were slightly roughened by sand paper so that the gel could have a

firm contact with the tray bottom, which facilitated the slicing technique.

Usually three runs wers made with any one lot of buffer solution("’})
in the electrode vessels, each tims the polarity of the eloctrodes were changed
to reduce the accumulation of products resulting from hydrolysis cf the buffer
solutions. The gel formula employed was that of Wake and Baldwin (7) who used
a discontinuous buffer system, as described by Poulik (34) for better resclution

of the protein zones.

Sels were stained in a saturated solution of Napthalene Black 10B
in methanol:watersacetic acid (50:50:10) for 5 mimutes. The stained gels were
then washed in methanol:water:glacial acetic acid (50:50:10) containing 1034 '/v

glycerol (7).

The washing solvent was decolourised by passing through a mass of
activated charcoal contained in & 1-litre Bldhner flask; the colourless solvent
coming out of the top after passing through a cotton filter contained in a
plastic tube placed just under the rubber cork. The principle of decclourising
was proposed by Fert et al. (6). A syringe, worked by lever action, acted as
the pump, discharging 80mls/minute of the colourless solvent.

The procedure adopted was to shake the stained gel for fifteen
minutes in the washing sclvent in a reciprocating shaker and to discolourise
the solvent in the decolouriming apparatus before putting back intc the shaker.
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In the early stages of washing, fifteen mimutes was allowed in the shaker to
remove the excess stain. In subsequent washes this was increased to 1-13
hours., Washing was continued till the space between the parallel adjacent
protein zones, arising from adjacent slots, became distinctly clear., This
method was found to be better than attempting to standardize the time of
washing, since the elution of excess dye from the gel appeared to taks a

variable amount of time. Approximate washing time was 6-8 hours,

Use of the decolourising apparatus proved very economical, since
a solvent could be used indefinitely. It was possible to use a Bldhner funnel
containing activated charcoal on Whatman No. 42 filter-paper, and connecting
the flask to a water pump. The procedure wae much quicker than using the
syringe pump. However, the composition of the washing solvent would have
altered through application of a vacuum, and in time a new batch of solvent

would have been necessary.

B, Preparation of Acid Casein

Ths WEthcd To1Towed W Disionlly B to Hizp et al, O aua

Wake and Baldwin (?).

Five gallons of freshly separated bovine skim-milk from a bulk
milk supply was obtained from the Leiry Kesearch Institute (N.Z.) dairy factory.
The pi wes 6,7. The skim-milk was warmed to atout 30°C and the precipitation
was done at pH 4.5 1n 6 gallon plastic contasiners, using approximately 1 N HC1

(two subsequent reprecipitations were done at pH L4.6).

The precipitate was separated from the whey (and subsequently from
the wash water) by means of a clothes spin drier, using close meshed cotton

filter bags. Washing was done in the same machine, The first precipitate was washed



five times with distilled water. It was discolved in dlstilled water at pil 8,0,
using approximetely 1i Nalil far pi adjustment, The second precipitete was washed
three times, and the thixd five times with dlstilled water.

The pil vas not allowed to go over 8,0 or below L5, and due care
was taken when adding the alkall and acld to prevent local excess.

Mmtmadnmfmenat&o%inndeapfmmmightm
freeze-dried until it was noticesbly powdcry witl: no hord lumpse. Final weight
of casein obtained fron 5 gallons of bovine sici-1illk equalled 454 gns.

fnalysis indicatod that molsture contont equalled 1.95, ond ash
content equalled 2,0

C. YTy ato S
Potatoes supplied by Mr.ill.Wenhan of !lassoy Undversity College were
gromm locally.

The extroctlan of starch was cone 1y U nothod of Schoch (%6 ).

i
The sterdh was then defatted by o procolure described by Scioch (36) P
al gh potato sterch does not seem to be associoted with fatty acdds as do
starches of cereal origin (57 ).

(1) tiinson's Halge Comnflour wrs cbtoined at Palmerston North,
Ejeldahl determination indicated that protein content was
chout 1e5%. No details of the method of extraction ar
processing are availsble.
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(44) Beaker's Wheaten Cornflour wos cbtained at Palmerston
North, KJjeldahl determincation indicated sbout 0.9% protein.

No details of processing are aveilable,

(1i4) Thin Boiling Wheat Sterch wns obtoined from Starch Products
Limited, Christchurch. This was an acid hydrolysed product,
but again details of processing are ladking,

Section II:

EXPERTIMENTAL AND RESULTS

The attempt to use indigenous starches for the electrophoretic
rrocess was based on economical grounds. Smithics (1,3) recomended the use
of hydrolysed starch prepared by Connought Mediml Loboratorics, Canada. This
starch had to be specially imported. On the other hond, a free supply of
potatoes was made available loeally, from which starch was extracted, and the
cereal flours obicined locally were relatively nuch chesper compared with the
imported hydrolysed starch,

Ao Eotatp Storch
The defatted starch, described in the previous section, was
hyirolysed by & mixture of acetone: concentrated hydrochloric acid (100:1) at
a temperature of 33,5°C. The experiment was first conducted on a pilot scale
to find the cptimm hydrolysis time for this particular batch of starch, as
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suggestod by Pouldk and Smithes (), Semples contoining sppraximately 10g
starch were withirewn ot intervels of 30, 45, 60, 75 ond 90 minutes; the
reaction being stopped immediately with molor codiun coetate solution, The
washed and dried hydrolysed starch samples wore sonlé (o Dr.Bean Houstafa ot

the Department of Sclontiflc and Industriel lercoreh lor detormining the optimun
hydrolysis time. Dr.lloustafa's llarizontcl Gel leckrophoretic Apparatus ensblod
o comparison to be made of the starch samples sont to him, with the imported
hydrolysed storch wunder similar conditions of clecivuphoresis of sexrum protoins,
gince the tray eould be subdivided into parts to rocoive different gel typese
Bosed on his report, o hydvolysis time of 20 nimudes =os chosen as being optimm,
and the bulk starch wos hydrolysed for this time ot 30,5°C,

Both lorizontal and Verticel Uiliydi=ci pothods were then tried
vith the modified stordi. It was disocoverci, lwowucever, that this starch wwould
not give e fim pgel at the same concentroticn. os weod by Veke and Galdvin (7)
using the imparted staxch., It would forn o weck ol ot this concentration if
urea was sbaent, or at a slightly Ligher concanbtroticn if the formulo hod 2,3
urea instead of 71, btubt In o W urea gel, vt luast, 50 more starc: had to be
incorporated to obiuin u firm gele Generslly o cancanbrati-n of aspprocimately
136427 "/l of stareh in the £inel gel mixburc wns noososary, compared to
cpproxinately 9.37% /i specified by Wake and Deliiin 2 [ the imported stardhs
The gels from the local starch were much more opooue than the imported sterch cels,
presumably due to the higher concentretion of stord: useds

Electropharesis experiments vith the local starch proved = failure,
Waie st Palaiin ‘7] 5ot yeportel 1700 componasts dn hels stuly e csssin, but
hardly three were noticecble in this gel mnd this was observed only ance,
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Usually migration was poor, there would be considerable tailing, and the gel

structure did not appear to be conducive to the slicing technique employed.

Discussion

There are several possible reasons for the failure to obtain a

satisfactory hydrolysed starch comparable to the imported starch.

Smithies (3) stated that potato starches from different
manufacturers varied in their properties (cf. Pert et al. (6) ). Some were
not satisfactory for serum electroploresis and others required different
hydrolysis times. It was possible to remove small differences in electro=-
phoretic behaviour between different starch batches by varying the starch
and/or buffer concentrations (3 ). It now seems obvious that a better approach
would have been to obtain potatoes of different varieties and, perhaps, from
different localities to elusidate the best type for electrophoresis, instead
of obtaining them from only one source arnd attempting to equate this starch

with the imported starch, trusting more or less to chance.

The temperature of hydrolysis needed to be strictly controlled,
since the temperature coefficient for hydrolysis was high (5). Pert et al.(é)
stated that a temperature variance of 0,2°C was approximately equivalent to a
S-minute change in hydrolysis time. While the same thermometer and temperature
unit was employed for both pilot scale and bulk starch hydrolysis, one cannot
guarantee that a variation of 0.2% or more did not occur. An overhydrolysed
starch gives a weak gel and is difficult to handle (46)  tng increased
concentration of local starch necessary to give a gel of the same mechanical
strength, as that of the imported starch, indicated that overhydrclysis had
ocourred, and the greater opecity of the local starch-gel may be explained by

the higher concentration of starch utilized.
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The increascd starch concentration may also explain the
congiderable teiling and the poor separation cbtained.

Moot electrolytes temd to weaken the assoclative foreces between
the starch atosllss 500, possibly hmough ieecliing kyliogen bendss The
presence of ions like calcium and magnesium vould, theref'are, weaken a pel
structure, This problen should not heve arisen aince distilled water wos
used throughout the stardh nmaking process., Iovever, during part of the
sterch naking process some of the pototoes hod to be lef't soeking overnight
in ertesian bore water, The potassium starch of potato, knowm for its cation
andings svpartien T iy Tuve achanged oo off T4 potussiue: dons o
either hydrogen or colcium/megnesium ions. In oithor case, the gel cbtained
eventually from such o storch would be weclcr i ¢ Hure potassium starch of
potabo $37),

The pilot sanples, affter the required yyrolysis times. were token
out of a single flask «ftcr due shaking., In the Iyrolysis of the bulk starch
it wvas atteapted %o keep similar conditions by shalking at the appropriate time
intervals, This fooctor was mot critically undorstood nt the time of the process.
and it will be apparent that the conditions ncy not hove been similor to that of
the pilot sonle experiments. Overhydrolysis could hive resulted due to over-
sheking, giving o frecr ncoess to the ncid to cttock the starch gramules, In
the pilot scale experiment, the appropriate cnount of starch should have been
hydrolysed in different {lasks without furthor sheldng, The question of talkidng
out samples from a single flask would not then hove arisen,

Purthermore, it must be stated that at the time the local stexdch
was being tried in the electrophorbtic process, without much suocess, even the
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imported sterche-gel was giving far from promising results, compared to that
of Weke end Beldwin (7), beceuse the technique hod not been worked out fully.

Consecuently, the failure to obtain good patterns with the local starch may
have been magnified to some extent.

Summing up, the main reasans far the fallure to produce hydrolysed
potato starch of comparnble properties to imported starch appear to lie in the
lack of adequate control in some of the criticol cspects of the starch
hydrolysing process anxl the unlmown properties of the starch itself. If the
experiment was to be repeated better success would cortainly be achleved.
However, the stoxrch should not be obtained from any menuflacturer since
manuf acturing and starnge details of either the potatoes or the starch are
gmral],ymﬁzmn(ﬁ).

Potato storch from the Brifish Drug llouses Limlted his been used

73
for the preparstion of hydrolysed starch (3) cna could be used s a source.

Ha Stexrchos of Coreal
(1)  Beaker's Vhesten Camflow
This flouwr, most of which wos presuned to be starch, wos
tried at concentrations between 6,07, and 12.44 /% in the final gel mixture,
g B sas Yeslo fosmils. ghven Ty Weke sl Buldwin $77,

The pelatinisation point appeared to be between 67°C - 70°C,
The starch solution obtoined was extremely viscous. The gels, which formed
on cooling, were opaque in direct contrast to the crystal cleer urea gels
obtained with imported starch ond showed extreme 'stickiness'. When the starch
concentration was increased from 6,07% /W to 12444 "/t it increased the
rigidity, but it also tended to increase the stidciness, and this factor made
the gels very difficult to handle.
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MWMatmcammdefattea{%) with methenol and
nydrolysed (*) as desaribed for potato sterch. This was to see whether
the sbove treatment would make possible its use in clectrophoresis by
removing the def'ects mentioned earlier. The hydrolysis times used ranged
from 15 minutes to 75 minutes. The gelling proporties of the final product
were compered to those of the imported starch, using 4.8 M and 7.0 U urea
in the gel composition,

As expected, the viscosity of the storch solutions decreased
with increesing hydvrolysis times. However thoe pols were only slightly
less opaque than vhen untreated flour wos uscd.

Jipdrolysis at 15 and 30 minutes did not apprecisbly reduce the
stickiness in the final gels, but at 60 and 75 nimites there was a noticeable
reduction in stickinesc. The improvement, however, was not great enough to
Justify further studies.

It vms stated earlier that lhe profcin concentration, based on
the Kjeldshl determinction. was sbout 0.5. in tho ten Cornflowr. It wos
thought that the stickiness ocbserved in the gols niy be due to the whesat
proteins. The reduced stickiness in the gels ot G0~75 mimute hydrolysis
times is posslbly due to denaturation and agpregotion of part of the protein
and its removal at washing.

An experiment on the untreated {lour was conducted on
similer lines to that on untreated Bealer's heaten Cornflour,

The gelatinisation point appecred o be between 70°C and
73°C. The starch solution wes very visocous and the gel obtained on cooling
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was opaque and granular in texture. Stickiness was again present, tut to a
lesser extent than in the Wheaten Cormnflour, although the protein content was
nigher (1.9% against 0,5%). It was felt that these prelimimary observations
did not justify further treatment, namely, defatting and hydrolysis, as in the

case of the Wheaten Comflour.

(14i) Thin Boiling ¥heat Starch

This was an acid hydrolysed product, but details of

processing and hydrolysis are lacking.

When ths starch suspension was heated, the solution did not
attein as high a viscosity at the gelatinismation point, as was observed with the
other ceresl and poitatc starches., This wes indicative of overhydrolysis of the
starch as far as electrophoresis was concerned and this point was caonfirmed by
the fact that the gel, on setting, showed less mechanical rigidity.
Electrophoresis was attempted, and although the gel set at a starch concentration,
as used in the Wake and Baldwin formula (7), and the casein separated into five
or six bands, the picture was a diffused one. The gel itself was more opaque
than the one made with imported starch and the gel sections, stained as usual,

showed a lot of background blue which was difficult to remove.

At this stage, electrophoretic patterms obteined with the
imported potato starch gels were comparable to Wake and Baldwin's patterns (7) ;
since the technique had been properly worked out by mow. Failure to obtain a
good pattern with the thin boiling starch reflected faults in the starch (see
discussion below) and it was considered advieable not to proceed with
Jexperimenting with the indigenous starches, but to use imported hydrolysed
potato starch for further experiments.
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Discusgion

The feilure to adapt oceresl starches {or Dtarch-Cel Electro-
phoresis may be due to thedr fundamental differences from potato starch in
chemicel and physical properties, The way thesc proporties may affect the
suitability far clectxrophoresis is, however, mot clcor, The situation is
further complicated by the fact that even in potato starches wide differences

v bo fam dii Gisly SutaSSItty Tor eleotioinsits V7, dmenting tn Lhe
source of potatocs,

Hof'stec and DeWilligen (37) have pointed out some differences

between potato and cereal starches and these (i¢ briclly desaribed below.

(a) Potato sterch contains no fatty ccil, Corn, vheat and rice
starches contain C,34. 0,50 and 0459 fothy aclis rospectively. A de-
fatting procedure roduced it to 0.120, 0s03), 007, Further reduction apparently
wos 10t possibla, Schioch and Elfer P potat out et the "iinear fraction
in starch farms insoluble camplexes with any polox organic substance of the
nature R-Cil R=COCH , etc., and these complexes couse a loss of gel strength',
The increased opacily in cercal starclr-;clc noy Do attributable to the
residual fatty esciis. This may slso exploin the fragllity of the cereal
starch-gels obtained in the experiments.

(v) The phosphorus of poteto starch sppears to be as a monocester and
is not extractable, but a methanol treatment groatly reduces the phosphorus
content of cereal starches.
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(e) Celatimisation temperature for potato starch is sbout 61.5°C.,
as agoinst 65.0°C, 68.5°C and 75°C for carn, wheat and rice starche
The heat of pelatinisation of potato starch is also much higher
than coreal starches,.

(a) The averagze size of the starch-grain of potatoes is 354, coupared
to 16, 13 ond 4 for corn, wheat and rice starch.

It is not cdlear how the sbove properties afi'ect the suitability of
a certain starch for electrophorssis. Except for (a!,the others may or may not
play a part. It is possible that the amylose to anylopectin ratio may be
impartant since it iz the amylose or straight chain component of starch vhich
retrogrades and gives the gelling properties (5 ?,m). The differences in the

amylose:amylopectin rilo between potato ani eercel starches ere not knowmn.

The aomuccturing details for the cerecl starches are not knowme
. The possitle effcct of the presence of cereal protein has already been pointed
out earlier, This will be a definite impurity for clectrgphoresis.

While the substitution of cereal sterches for potato starch in
Starah-Gel Electrophoresis does mot appear very praumising, it is difficult to
evaluate the rusults based on one experiment only and more evidence based on
a broader field of siudy, vis: obtaining cercel sterches from different sourccs,
reducing the protein and fatty acid content, etc., is necessary,

On the other hand, locally obtained potato starches may offer a
more fruitful ficld for study for their suitability in electrophoresis.
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saditon 39 Snteatinond dbis mtholl, viexein e profein scnse
move vertically dowmwords on passage of cunent, to overcome the phenomenom
of 'electro~decantation' which tended to ocawr in tho horizontal method
giving aiffused electrophoretic patterns (scec Chopior I). PFurther, it is
as in the case of Itorc -Nlock Electrophoresls (22) . llowever, this
phancmenon has not been reported widely with the horszontal method, except

in one case for scrua Y-globulins (1 ).

To provent clectro-decantation in the horizontal method the
protein sample introduced into the slots usunlily contolned somes starch
granales, or a filtar-poper saturated with the senplc was inserted in the
gel. Both methods tended to reduce resoluill i F the sroteins (1) (see
Chapter I). In the vertical method however, (i suple can be inserted
into the gel withoult any supporting substance,und the resolving power and
the reproducibility of the method is, thercfore, impzoved.

The method, however, proved unsuccessiul,despite several attempts.
The best separation cbtained was as shown on Plate I,

In the eorly attempts, trouble was experionced with the stability
of the gel in the vertical position. The gel would elther breck at the slots
ar just above &t the berd on the tray. This was,in the main, due to the
construction of the gel tray., Even when the bend was 'amoothed' out, the
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A, position of sample slots;
B, urea starch-gel;
C, petroleum jelly seal to prevent loss of water during electrophoresis;

D, compartments containing berate buffer (pH 8.6). Outer compartment
contains the electrode.

E,F, compartments containing berate tuffer (pH 8.6). The zig-zag lines
show the positions of Wettex cloth tridges.

(see SMITHIES, O. (1955): Biochem. J. J71:585.
WAKE, R,G. and BALDWIN, R.B, (1961) : Biochim,Biophys.Acta, 47:225).



VERTICAL STARCH-GEL ELECTROPHORESIS OF ACID CASEIN

i Acip caseiN (os5])

»

(o) , l6h IS0V, £C, BORATE BUFFER pH 86
’ » (200)
SEE PLATE 2A FOR COMPARISON WITH
HORIZONTAL STARCH-GEL ELECTROPHORESIS
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tendency to breok at the slits persisted on occasions. The wooden stand
carrying the buffer vessels and the tray was improvised with adjusteble
serews et the hottom, so that the tray would be at right angles during the
Tun. m,mmmmﬂmmmmmmmphm
was also being used for other purposes, and the occasional opening and
cloging of the door could very well have upset the position of the tray.

The twgy itoclf could not be called *perfectly proportionsl?,
since there was a dictincot dlogonsl slant if' one viewed it from the front,
The Vettex cloth comtacts were, therefore, not cuite in line, This would
give an uneven wliage gradient across the gel end lead to poor separation.
This may perhaps be bome out by Plate I.

By tids time, however, the horizontal electrophoretic technicue
wap beginning $o wark well using Wake and Baldwin's paper \7)- for comparison,
and since these workers had reported separating at loast 20 components as
sgainst 17 by Neelin ot al. ™), wio used a two Aimensional tochnique using
verticsl St&;ﬂw@l‘ﬁhm;mplmam, it sppeared that rather than spend more
time snd precicus materdals on trying to develop the vertical electrophoretic
technicue, efferts should be concentrated on horizontal electrophoresis.
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Section IV.

tein sates.

A, Methods and Materiasls

Acid Casein:~ Preparation of acid cassin has been briefly described
in Section I of this chapter.

Alkaline Milk Phosphomonoesterase:- This enzyme was prepared from
buttermilk by the method of Morton (42) and will be discussed in Part Il of
this thesis.

Commercial Cheese Rennet:~ This was supplied by the New Zealand

Fennet Co., at Eltham and is used for cheese manufacture in this country.

Preparation of Rennin from Commercial Cheese liennet:- The method

followed for the purification of remnin in commercial rennct was prinocipally

due to Ermstrom (43) (see Part II for details).

B, Study of Caseinate System

Originally it was intended to use the method of Starch-Gel
Electrophoresis to study the changing electrophoretic pattern of casein due
to the action of various ensymes like pepsin, rennin, bromelin and also
micro-organisms commonly found in cheese. The aim was to discuss these changes
in relation to the ripeming process in cheese, Furthermore, a concurrent study
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could have been made an ensymic casein hydrolysates. Ensyme hydrolysates of
casein are kmowmn to have a very bitter taste and attempts to remove or
distinguish the bitter tasting fraction in the hydrolysates have not proved
very successful, ns will be evideat from the study on casein hydrolysates by
Baker snd his co-wakers (M49),

Ferﬁwslmegtuﬂy,anwmtakmwledgecf'thacminmxplex
as it exists in pilk vos essential, but the picture presented was raether
confusing. The complexity of the substrate, Vtoget‘ber with the difficultics
and possible dangers associnted with Starch-Gel Electrophoresis, some of
which have elready beem mentioned earlier, made it adviseble to change the
line of stwdy to the more specific action of remnin on casein. The reasons
for this change beceme norc evident by the following discussion on casein
studies and on the elsctrophoresis of enzymes. The electrophoretic pattern
of casein was used s=s en ‘indleatar' for the study on enzymes.

(1) The Caseinate Complex
A heded review of litersture on the studies on casein is
necessary, as this will be pertinent to the discussion later,

Priac to 1939, solubility stuﬁi;ea on the caseinate of milk
indloated that casodn was heterogenecus, but it wes Mellander (') who, using
Hoving-Roundery Flectrophovesis, showed that cesein consisted of at least 3
components. These were designated o(, B eand Y easein in .« decressing
order of mobilify,

c}mm‘%—"‘") have attempted to sepavate R ,Fand
Y caseins based on thedr differeatial solubility in 507 alcohwl contsdning
nlt.m'hlwaamatuﬂennttmemmuﬂn& Hivo et al. (53)
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found single electrophoretlo peaks in Moving-Boundisry FEleotrophoresis for
their separate components and presumed thﬂtd-gla - ond Yecageins were
homogeneous.

Songh and. ver Higpel C s vl saloion eiocids fur
precipitating d-and p-caseins,found a new component widch they called
k =casein. & -casein was steble in 0.2 M CaCl, solution and moved very

close to the ariginel of~casein in Free-Boundary Electrophovesis. It was
postulated that A ~casein was in complex with theo -ocasein ("‘a = o casein
vdthout A-casein) and it acted as a 'protective collodd' to the 0(5 micelles
(see Part II).

Nokensie snt Vaks °°) eonfiymed the velationehilp batasen the
X o~casein and k =casein an both Free-Soundury ond Filter-Poper Electrophoresis.
They reported = total of & components on Filter-Paopar Hlectrophoresis.

Weke ond Boldwin (7),vmo used Horisaxic! Déardh-Gel Llectrophoresis
and incorporated wrea {7 1) in the gel forwmwis, separoted casein into 17-20
components,

(31) Siorch-Gel Eleotrophoresis of 4cil Ca
The nethod was basicelly duc 40 7als snd Baldwin (7 with
some minor modifications slready listed elsovherc. Cassin solutions were mede
in Tris - 7 K area - builer.

The r-sulte are shom on & photographic strips (Plate 24)
and an be compared vdth Weke end Beldwin's (/) alagrem of the seperabed
components obtained in their experiments (see Plate 2B), Remults appesr
comparable to theirs, indleating thet the methnd hnd been developed successfully,



PLATE 2A
Z =

CASEIN |0
» 05 |
'2‘ ﬁl
w28 -
» 20
v 05
) O'S

STARCH-GEL
ELECTROPHORESIS |

OF ACID CASEIN

l6h, 130V, éc
{ BORATE '\ BUFFER pH86

TRIS-CIT.

» ).5

»o)S

B
|

A DIAGRAMMATIC REPRESENTATION &—
OF THE ELECTROPHORETIC PATTERNS

OF CASEIN. REFER TO PHOTOGRAPHIC
STRIPS  ABOVE.

SEE ALSO PLATE 2B FOR
COMPARISON

0 9 8 7T 6543 21

NI

E=——=3% Stof




PLATE 28

S % 7
A4
P
U
s % el i

A
g 1
Vi |
0.41 0.65 1.00
.73

NN

Fig. 3. A test for artifacts of preparation: comparison of whole casein prepared in three different
ways. a, acid casein I; b, acid cascin 11 ¢, Na,SO, pptd casein; d, first cycle soluble casein.

STARCH-GEL ELECTROPHORESIS OF WHOLE CASEIN

[AFTER WAKE R.6. AND BALDWIN R.L. (m;))
BIOCHIM. BIOPHYS. ACTA 41 zzs]

« >

COMPARE WITH PLATE 2A
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In some of the photogrephic strips the ninoy companents have not shown wp
well, aithough visible in the original gel. Each siwrip represents a
different run with fresh cold casein solutions, The acid cosedn
separated inbto 1517 components. However, sowe of the minm components are
not alwayes visible and may be nissed in some patéorns.

Originally the gel strips were examined for percentage trans-
nission changes in the Sedmen D,U, Spectrophotometer. This was done by
removing the cuvette holder and placing instesfl o spesially made wooden
frame to corry the pol atrip. The gel strip could be moved a nillimeter at
a time and the perceniage transmission changes recordad ddrectly on zraph
poper placed on a saall platform attached o the modin freme., The greph +then
showed poaks of low percentage transmission vhemevor o stoined zone passed
in front of the slits. The waveslength used wes 612 n 4.

This procuess, however, was cumbernome ond loborious, The
novenent of the gel sivip whidh was done panuelly wins not always accurate,
and it was poesible to wmove the gel strip too for ond thus miss separnted
components close 1o one snother.

The method may be useful to find changes in the major protein
companents, either through engyme or bacterisl aciiocn, ss indicsted on the
graph paper. but since this line of stuly wes swt [oln: to be followed,
photogreaphy of the gels wes undertaken as a betior and nore permenent record
of the original pels

Deteils of photogrephing the gels have alveady been given in
Chapter I.
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-Gel B I0 sis of C reial t, Rennin
A ine Milk homonoes te !

The enzyme preparations were all freeze-dried. Details of their
preparation and isolation are given in Part II of this thesis. Commercial
Rennet (dried) contained 73% salt, while the rennin preparation contained 68%

salt,

Generally the method of Wake and Baldwin (7) was followed in
electrophoresis using similar conditions as for casein. Enzyme and casein

solutions were made in a Tris- 7 M urea buffer.

Plate 3 shows an electrophoretic pattern of 5.4/ commercial rennet
sclution (allowance being made for salt concentration), 1% and 3%

phosphomonoesterase solutions and 1.5% casein solution.

Commercial Rennet indicates 7-9 bands with two major ones about the

middle of the plate (slot 2) and a tailing band near the slots.

The phosphatase preparation (slots 3 and 4) shows altout 6-8 bands,
with 1 major band in the centre of the plate, possibly accounting for over
60~-70% of the preparation (purely on visual estimation), and another towards

the slots,

Plate 4 shows a pattern of 1% and 3% rennet solution (containing
0.27% and 0.81% rennet respectively) in slots 1 and 2; 1% and 3% rennin solution
(containing 0.32% and 0.96% rennin respectively) in slots 3 and 4, and 1.5%

casein solution in slots 5 and 6.

The pattern for rennet has been described already. The concentrations
used here was to get a comparison with rennin in regard to the depth of staining
of the major bands.
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STARCH-GEL ELECTROPHORESIS OF CASEIN, ALKALINE MILK PHOSPHOMONOESTERASE(AMP)
AND COMMERCIAL RENNET (R%)

| AND 2.-: R¢ (54])
0 . . 4
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STARCH-GEL ELECTROPHORESIS OF CASEIN, RENNIN AND COMMERCIAL RENNET (RY)

i and 2 - RE (027,08))
3 » 4-1 RENNIN (032,09¢/)
5 » 6= Acp cASEN (15])

}SEE TEXT l6h, 130V, 6C, BORATE AND TRIS-CIT. BUFFER pHE
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The rennin preparation shows two major bands (2 and 5),
one about the middle of the plate (slots 3 and 4) and the other near
the slots. The marked variation in staining of the major zones between
the remet and rennin preparations at similar concentrations (both containing
an almost similar salt concentration) indicates that considerable

purification had teen achieved. Three minor tands may be seen too,

It was thought possible that the two major zones seen in the
rennin preparation could be in equilibrium with each other and that
separation may have been cue to their structural differences; the molecular

sieving effect of the starch-gel coming into play.

If this was the case, then eluting each of the two zones from
the unstained gel on the tmmy and running arother electrophoresis on each

should agsin give two zones at the sawe positions as in the {irst electro-
phoresis.

The following method was used: The top slice of the gel was
stained and washed as usual (Plate 4). When the zones were visible, pieces
of gel were removed {rom the gel tray from positions indicated by the two
stained zones (2 and 5) on the top slice, allowance being made for the
slight contraction which occurs in the washing of a stained gel. Due care
was taken to prevent contamimation from adjoining slot areas. The gel
pieces were placed into Gooch porcelain crucibles and frozen at -15% for
4 hours. At the end of the period the crucibles were placed in the
centrifuge tubes and wired to the latter to keep them in position. When the
gel pieces had thawed, the tubes were placed in the International Type C :
Centrifuge and centrifuged at 150 g for 15 minutes., Only a few drops of
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the liquid were obtained in the tubes. A few drops of Tris citrate buffer
was, therefore, added to the tubes to increase the wolume, The solutions
were then applied in the slots of a newly prepared starch-gel and electro-

ploresis run as usual (Plate 5).

Plate 5 shows an electrophoretic pattern of 1,5k casein solution
(slots 1 and 2); eluant 5 (or zone 5 from the previcus run - slot 3); eluant

2 (or zone 2 from the previcus run - slot 4) and 0, 32§ rennin (slots 5 and 6).

It is clear from the Flate that both zones 2 and 5 separated again
into 2 zones at the same positions as the original zones 2 and 5, as shown
by the O.32% remnin pattern (slots 5 and 6). 1t appears, therefore, that
rennin may exist in two polymeric forms, It remains to be seen whether both

have equal clotting and proteclytic activity.

D, Filter-Paper Electrophoresis of Rennin

The electrophoresis was done in a vercnal-buffer pi 8.6; ionic

strength 0.1,

A 1.0% rennin solution was applied to the paper through a micro-
pipette and electrophoresis was carried out at room temperature for 14 hours
at 120V,

The rennin sample shows 2 major bands corresponding to the two majer
bands indicated in Starch-Gel Electrophoresis. The difference was that while
the two bands moved very close ta_mithcr on Filter-Paper Electrophoresis, they
were much further apart in Starch-Cel Electroploresis (see Flate 4), confirming
that separation on the latter was based on molecular sieving more than on

charge differences. It appears that even on Filter-Paper Electrophoresis
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FILTER PAPER ELECTROPHORESIS
OF  RENNIN

N

FILTER PAPER ELECTROPHORESIS OF RENNIN AT ROOM

TEMPERATURE IN VERONAL- ACETATE BUFFER (rH 8-6,u=0-f)
FOR 14 HOURS AT 120 V.
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polymer separation is possible. No other minor bands were visible,

E. Electrophoresis on Rennin Treated Casein.

A 3.5k casein solution at pH 6.6 was treated with 8 mg rennin
for 1 hour at an enzyme: substrate ratio = 1:187.5. It was then diluted in
a Tris - 7M urea buffer to give a final concentration of 1.5% In another
sample, similarly treated by remin, 0.1 N H'1 was adced to pH 4.6 to
precipitate the caseinate, it was filtered and urea, to the extent of about

7 M, was added to the filtrate. Electrophoresis was done on the samples.

Plate 6 shows an electrophoretic pattern of 1,5% casein (similarly
treated), but without rennin as above (slots 5 and 6) and remnin treated

casein 1.5% (slots 1 and 2).

The pattern shows that some proteolysis has oocurred and both the
ma jor bands ef casein, thought te be X~ and (* —caseins (Neelin et al.) (41 ),

have been attacked; the former te a greater extent.

Wake and Baldwin's (7) ebservation on the attack ef rennin en
A —casein appears to lhave been cenfirmed, but it could still be seen after an
hour's reaction with rennin contrary te their findings, f-casein generally

eccupies a bread zene behind B -casein, midway between it and the slets.

The pattern alse indicates that it weuld be impessible to
distinguish as te which of the breakdewn pretein zeones comes frem which of
the eriginal casein compenents and that, unless the ‘pure' casein cempenents
are treated separately with rennin and then analysed elcatitprumticauy,
deductiens on the electrepheretic pattern of rennin treated casein, or for that

matter en any preteelytic enzyme treated casein, is net pessible. The picture may be



PLATE 6

s 13 12 1 ;o T 6543 21
o W 7 I "'(n“’i
7% 7\ }
NN\
N7 RONERY] |
1% A
E;,\A :?ﬁ ‘2 lx\ Ld ‘J [N
6

l

4 N [ 3 \‘ |/7‘ j
ST 2 ' {
v |
El R | \ 277 el

18 17 |§ /4 ulzu 109 8765’432'

STARCH- GEL ELECTROPHORESIS OF CASEIN AND P'CF\SEIN(&A,BOV,&'C, BORATE AND TRIS-CIT. BUFFER /’HB-(’)
| AND 2 =< p-casein (15])
3 » 4 - FILTRATE AFTER pH 46 PRECIPITATION OF P-CASEIN
5 « 6 = AUD CASEIN (I5])



o

Wmnmmwuwrmammmmﬂmm
dupw,wmm&ermmmmtmhan@mym
asion, if conditioms of electrophoresis are not sbsolutely consiant,

giving a false impression of increased proteolysis.

Discusaion

The clectrophoretic pattern for acld caseln dbisined in this study
ahows & good comparison with Wake and Baldvints pettern (/). The pattern need
not be sbsolutely coincident to theirs, In fact, electrophoretic petterns of
casein cbtained by workers in different countries is not likely to be exactly
the same as thelrs, Several reesons sre possible for this verdations

1e s @ ol k =caseins cen evidently forn aggregates with thensalves
snd with one another, the interaction being dependent on i,
senperature and inlc strength of the Wuffer used in mslysis (5%,
A lower pil towsrds the iso-electric point of the caseins inoreascs
interaction between Of,ond @ ~cascins (9%), Increasing the pi and
lowering the temperature reduces interaction between the casein

conponentse

2« Different casein preparstions, although made by the same method,
sppoar to have &ifferent propertids 79), possibly thweugh *loosd
affocting eggregation and proportion of compoments in verious
preparations”,




o A%

During the preparation of casein the temperature of the process
sppeers important since a complexing between f-lactoglobulin and
the (g k-complex is possible (56). The complexing has been
reparted at temperatures over 65°C., but it is not imown vhether
e complexing cen ocour at temperstwres of 40°C or lower, normally
used in casein precipitation (7).  ilso, some of the minar
mmuwmmmmp@mumwmm

3, sschatfesiurg (57) bas shown thet @ ~casein oould be split into 3
bands on Paper Electrophoresis which he named A, B and C, These
caild gppear as A and C, A and B, ar B alone, GCuernsey cows
tonded togive all 3 types. Jerseys showed only A and B. Dreed
differences, therefare, could account far differences in the

electrophoreidic pattoame.

e Yiu sens wrine V1) Jdeo founh 2 benls dn the ¥ eglon e
varied considersbly in strength between individusl cows,or nay
be absent in some cow's milk which appears to be a genetically
controlled property. However, in pocled milk cesein they should all
be present in ap electrophoretic pattearm,

Points 2 and 3 ebove appeor to be the only uneontrollsble foctors
affecting the wuriation in electrophoretic patterns. Foint 1 has been tackled
usmwo&awnm,mwmauﬁ(&e)
and rumning the electrophoresis at low temperatures (2°C), but mainly by using
WWB‘&BQIMM(”‘



Since the interaction petween the casein components is meinly due
to Hebonding and ven der Waal's forces of attrestion, Wake and Baldwin.(7)
ineorparated urea to the extent of 7 i in their gel formula, Urea's kydrogen
baﬂfoaﬁngpmr(sa)iwlp:sepmﬂﬂnmmm. It also
prevents the charactoristic sggregation of dematured proteins through its
dspersive action (7959), mose properties of wes, conbined with the
nolecular sieving effect of the starch-gel accounted for the separation of
casein into the large mmber of components, mot hitherio observed in any of
the otlher eleciruphoretic processes.

The use of wrca for the study of casein wos possible because the

(60)

latter bears no froc sulphydryl group ,» and no now compound formetion is

possible through sulphydryl (-SH) and disulphide (=S-S=) reaction (&),

Howewver, the separation of scid cisein into 16-20 components in
Starch=Cel Electrophoresis does not, ss ye%, neen that cach component is a
distinot protein entity. Some of then could be metesteble polymers of a
monomer - this hos been discussed in Section III ~ (vi) with reference to
Freaglen and Ouepslin's finting on beoncorescl green 27 suft oaiftzmed fn
this work on the ensyne remnin (see Flates 4 and 5). Vake and Baldwin (/)
did elute some Donds from the gel and did not find any more separation into
components in a socond electrophoresis. However, there are 16-20 bands to
account for and ro-exsminetion of 2«3 bands is not adequate proof that the
rest of them are distinet protein entities. Faugh ot al. (82) ptained
o( ~casein free from f=cosein end fractionated it on D.E.A.E. - cellulose to
obtain 2 major campements, as indicated on Sterch-Cel Electrophoresis, naning
them of ,, end O ,, vespectively, in order of mcbility. However, they state
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that the adsorpiion-elution dharacteristics on D.E.A.E.~cellulose and the
properties of the 2 components are so similer that they could be genotically
related., Only Starch-Gel Electrophoresls revealed the 2 componenta. It wes

a pity these 2 components were not eluted from the starch-gel and re-run o
second time to find vhether each again separated into 2 components. A
somevhat similer result to Weugh et al. has been found on the citrate condensing

enzyne by Eroder and Srere (&),

The incorporation of wrea, while useful for diseggregeting the
casedn complex, poses its own problem,

Urea foms inclusion compounds with fatty aclds end other
compounds oartaining C atons linked in o strelght chein (63 ) gy
through hydrogen bonding. However, for inclusion compound formation, there
must be at lecst Le6 carbon atoms linked in a straight chein and the presence
of a benzene ring in the chein inhibit: ‘inclusion'. The lomgest corbon
maimamiamlyﬂmmmac-atm,mﬁwg-rmzmislmﬂyﬁa
prevent the {arnotion of an inclusion compoun?, and further there chould be
ensugh btenreno rings on the cesein molecule to inhibdt inclusion compound
formation. Browm (61‘“'), however. state: that a complexvith 2 3«4 Ceaton
compowid cen oocowr ot low temperatures, If 2 complexing does ocour, it is
not clear how the elecirophoretic patiern will be afiected, It¢ is possible
thet the relative migration of the comporments, particularly the minor ones,
nay be effected depending on the extent of adduct formation.

Another more likely problem exiscs from the fact that agueous
urea solutions wndergo isomeric trensformation into smmonius cyanate (55),
equilibrium stoge is reached very slowly at room and lower terperatures, but
at 100°% 1% is roached in helf an howr. 4n 8 M wea solution at equilibrdun
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growp on the protein and possibly also vith the -5 growp (6 &), Preparea
urea salutions held st refrigerator temperatures do not for aysnate, however''')
MMMWMmmmmmwmu(“). Hm(m)
found a definite reaction between the granate in acueous urea solutions emd
X ~casein. In Sterch-Gel Electrophoretic stuiles of casein (7o M) o 324
W(&’ ﬁ),mmtimmmmwmemumtm
is possible durdng the preparation of the Starch-Cel, This could be imparisn®
since the wres {(sbout 7 M) is added during the heating phase of gel preperstiom.
For the de-acrniion step, the gel solution is bolled and, subsecquently, of'ter
it is poured on to the perspex trays, it remains warm for quite a period giving
enough gpportudiy for a certain smount of granate formation,

The copper sulpbate - pyridine test for cyamates (70) vas cerried
out on the gel salubion prior to its setting. The test was sensitive to a
qranate concentrotion of 1:20,000, Assuming the urea had attained comlete
equilibriuwm dGuring the gel preparation, the amount of the gel solutlon usad
in the test would have had 3~5 times more qyanate than requirved to give o
definite positive test. The test was negetive., However, this carmot be talen
as firm evidemce for sbsence of qyanate. since the wrea in the gel nixhwe
would not be wipectad to dtain full equilibrium with emmonium gyemate. Full
Mwmmmunmmmmmumm(@).
The granate cmoentration could easily have been 1/5th the smount at full
equilibrive snd this would not be detected by the test. A greater quantity
of gel solubion then used in the test couses turbldity =and gives a deposit
making the $est ovon less eensitive.



ek e

inother point thet needs clarificetion is that if qyanate is
formed, would it react with the casein at refrigerator temperatures at which
electrophoresis is carried out.

A farther point worth mentioning is that evem if the cyanote does
react with the casein components, the addition to the molecular-weight of o
component (vhich mums into thousends), due to the corbomylation resction with
e qwnate TV 24 velatively small. Purther, Guring the reseticn, siihough
tlw-mzmat’thamteinum}am -mz group is added om.
Consequently, the net charge on the protein may be little affected and likewise
its electrophovetic mobility. However, if enzyme hydrolysates of casein are
being studied. it may be imperative to prevent corbomyletion, since one is
dealing with breslddown products of lower-molecular-weight whose mcobility
oould change depending on the extent of carbomylation,

SiorchmiGel Electrophoresis has introduced a problem of ncmenclature
for the coseins. Welks and Baldwin (7) guggestod thet the distance moved by
ons of the csein components, which is always present in an electrophoretic
pattern of cosein, may be teken as 1 {i.2. bend 1) and the distances moved by
the other cosein components may then be related to bemd 1, e.g.,ssy, band 4
hos moved 10 en; another coxponent may have moved 5 om or 12 am, snd then it
would be collod 0.5 or 1.2 in relation to band 4, This is, howevir, not temcble
vhen enzgyme hydrolysates are bYedng studied., For band 1, in a casein pottern,
may disappoer o change its position due to an ensyme attack, For a sinilor
reasom, it would be difficult to relate any band indicated on & hydr-lysate
pattern to any pertioular casein componemt, as 4s indicated by Plute 6, The
obvious amd ideal thing to do is to isolate and elute cach individual casein
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component (ssmming each is a distinct protein entity) and then react 4%
with the engymes before re-examining the hydrolysates in electrophoresis,
The StarcheGel Electrophoreiie method, as it stonds fto-day, is not cepelble
of such sn elaborate prepavetive procedure and, therefore, its use is
limited %o that of an analytieal tool, neinly for the study of the proteins,
The dlasgicel nomenclature of casein based on Free-Boundary Electrophoresis,

nemelyo(, B «nd Y es elabarated by Mellander (51) atill stends, To this
ey e, sbiok Soonantn (%, g dhioh e the sriginal X sacsein Seneiss

X g~eesein. This nomencleture should be temable untll points reised in this
disoussion axv clavified with regerd to Sterdi-Gel Electrophoresis.

It was because of the uncerteinities pressnt in the method that
it was thought advisable not to proceed with the study of enzymie hydrolysates
of casein using Staxrch-Gel Electrophoresis, and efforts were concentrated on
agpects of rennin’s sotion om cosein which is discussed in Paxd ©1 of this
thesis.



PART 1l
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CHAPEER III
REVIEW OF LITERATURE ON THE ACTION OF EENNIN ON CASEIN

The nature of rennin coagulation of milk is not yet fully
understood. At best, it is recognized that the mechanism can be resolved
into two stages, namely, the enzymic conversion of casein into paracasein
and the subsequent coagulation in the presence of caloium ions (72).

However, as early as 1929, Linderstrom-Lang (73) had suggested
that one of the casein components acted as a ‘protective colloid' and kept
the other casein components in solution through its own stabilityto milk salts.

The general evidence pointed to o{ -casein as being the protective colloid (72).

Berridge (74) , lowever, stated that the protective colloid theory
did not explain "the time required for the clotting phase, nor the dependence
of the clotting on temperature”. He put forward a dematvuration hypothesis
wherein it was postulated that proteolytic enzymes hydrolysed chemical bonds
to give rise to unstable molecules which, at a sufficiently high temperature,
denatured. The polypeptide chains of these degraded and native molecules thsn
combined with one another, linking the micelles into a gel network. Evidence
given by Berridge appears to support his hypothesis,

However, thoughts moved beck to the 'protective colloid' theory
with Waugh and von Hippel's (54) discovery of a new casein component which they
 termed £ -casein. The i -casein appeared to be in complex with thcc(-oauin(y”?s)
(now called oX , -casein); the weight ratio of the of - k complex suggested was
4i1 for micelle stabilisation. The authors ‘>*) concluded that A-casein was
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the most important single factor responsible for micelle stcbilization
end was the protein on which vennin acted immedintely.

vaugh (7°) fouma that 4 ~casein lost 20% of its molecular
weight due to rermin action snd this was the only protein sltered during
normal remmin eoorulation, Further, pera A -cosein (term used for the
rernin altered casein) was insoluble in the sbuence o presence of calcium
ions in contrast to K ~casein which wes soluble in the presence of 0,03 U
celcium at sbout neutrel p. The weight retio of Ll of X k suggested
that the moleculer ratio was 3:1 (H.VW. of Kk - 16,500; M.V, of 0(s - 23,300)(75);
the linking of the molecules being through lyxirogen bonds and non-polar side
chaing, which masked the phosphate groups mq’ﬁ-c&sein from calcium ions,
i o6 proveibell Soteroomion Mskve Mot V7 suoosstell » schens Sor
the 0(s - K cosein complex vhercin the o gmenscin ocoupled the three corners
of & triengle with the A ~casein in the centre, Ono and of the A =-casein
monomer wes suggested as being outside the doncin of ﬁmo(s - casein monomers
end 1% wes this end which rennin hydrolysed (79, piving rise %o "inaclubility
of the para-A -cesein end decressed complex solubility”.

It is difficult to contest Waugh's ochene

for meo(a-' k cesein
camplex. but at the same time there is littlc evidence for it to be acceptod
uncuestionably. The cetual mechanism of clotting is otill anybody's gusss.

H&tmammmu(ﬁ) found that about 1.5% non-
protedn nitrogen (soluble in 127 trichlor-acetic acid) and 45 N.P.N, (soluble
in 2% T.Ces.) were rupidly split off from whole cusein by ryeanin at 25°C.
The 12% T7.C.A. soluble nitrogen proved to be mainly o glyco-macropeptide of
molecular-weight 6,000 to 8,000, This glyco-macropoptide was soluble at
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P Le7 vhen the rest of the proteins were precipitated from the reaction
mixture,

Wake (72) confirmed the release of 'glyco-macropeptide’ and
traced its origin to A -cesein. He suggested that the primary action of
rennin on casein was to release the macropeptide {rom k ~cagein, destroying
the latter's nicollc staldlizing properties., However, he found no evidence
for the rupture of poptide bonds for the relesse of the macropeptide.

The issue, however, has become slightly confused by the
sigaeation of Besby i Mitachuars (777, ant Body {7 ghag & wonsetn wes
not a single protein but a complex, and that the sction of remnin was first
to open the secondary bonds responsible for the stability of the complex (7?).
Further, the glyco-macropeptide recognized earlier (72,76) came from one of
the A -casein conplex components which was soluble at pil 4.7 and was probebly
co-valently bound to this component. ‘l‘his pH L.7 soluble component of the
Kk =casein complex wes slso obtained by urea treatment or by repeated iso-
electric precipitations of / —cassin. Beety (70 calaulated the molsoular-
weight of the A-casein 'complex' es being 50,000 end, basing it on Veugh's
value of 16,000 given to A =gasein (75), he suggested that the complex
consisted of 3 units of 16,000 each,

Howevar, it is not cleer whether the A -casein 'complex’ exists
ummﬁmrmmmmww'sm(m ror-theo(.o/('eaaem
complex needs to be reviewed agein after clarification of the sbove point.

While workers, in general, have concentrated on the 'protective
colloid' theory over the last few years, Dyachenko (79) in 1959 provosed the
theory of phosphoenidsse action of rennin for clotting. Besed on electrametric
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titration he showed that the iscelectric point of cosein lay between

Bl Le6 to 4a7, while that of paracesein wos bolweon pil 5«0 to 5¢2. He
also showed that the essentisl difference betwecn the titration cwrves

for the two cageins loy in the "divergence in the sirongly alksline region
starting from pil 1o.amamg~:m2 grows of lysine and the guenidine
groups of arginine exhibit their buffering effeet”. Since lysine amino
Msmvemmmwmmmacﬁm(m),m
sppearance of strongly elkaline groups in paracesein was attributed to
srgintoe puatie grougs ., nondieeks (T postulited Gt swntn spiite
the -P-l- link between the phosphoric acid :nl the guanido group of arginine,
exposing the hydroxy groups on the fommer to recet with calcium ions to form
a coagulum,

It wea decdded to make a study of Dyochemilo's postulation by
using purified remin ond olkeline milk phosphononoosborase engymes., The
principle of the posaible reactions involved are given below:e

m 131
" n
Ae - W = ©C = I -1l « C -v?&iz
\ + R0
P=0 &
\ B /
~ - 0 - o— 0 —=P . 0
a, @i, !
(# 54

Paracagein
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B.

Reacticn (4) is as per Dyachenko's {79 postulation,

In Renction (B) 4% wes hoped % release the arthophosphate from the
peracasein molecule by the use of alkeline mill: phosphomonoestersse.



The method of Ernstrom (45 ses foliowel, The last three stepe
(6, 7ot 8) DV e, however, slintinated since they were not ecasidered
worthwhile for the very mmall inarcsse in specific activity obtained by
following them, For ecentrifuging. en Intermaiionel Defyigereted Centrifuge
wvas used; the temperature being sct at 5%.

The commeorclal remmet was supplied by the H.Z.Rennet Co.ltd.,
Tlthan,

At the end of step 5, the remnin was dissolved in a mindmum
quantity of distilled water and spread over a stainless steel tray, wdch
wes then put in the deep freecze for 24 hours o bLe {yosen, It was then
freeze-dried for 40 hours until quite powdory, twronsferred to a glass bottle
and held at =15°C in the deep freeze far the rest of the experimental period.

smmommw)mdaRthm-qh
and the result hos already been reparted in Chapter II, Section IV (C) of
Part I of this thesis. Apert from the two major bends (Plate 3) which eppesr
to be in equilitrium with each other (Plate 4). iwoe other minor bends are
olso reperted. This heterogeneity was not swprising since even remmin
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acystals shoved & or 5 sleotropharetic pesks ™) i Free-Boundexy Kleotre-
phovesis. Emstrom U3) hag 14eted exsuples wiich have more then one
electrophoretic forn of an active enzyme,

Comnereial vemet indicates 7 = 9 bands in Starch-Gel Electro-
phoresis (see Plate 3).

Solt (NaCl) amalysis by the method of Volhard (82) inatcated
that the freezo-dried vennin and commercinl remcit ccmples ecmbained 637
and 737 selt respoctively.

Be Prepaxetion of Alkeline MMilk “hosphononcogberase

The method of lorton %) way Sollowed, but only w to the
dialysis stage in ctep L.

7Ny percont fat creem wes seporsted from fresh, bulk,
unheated milk supplicd to the Deiry Resesrch Institube (1.Z.) factory.
Distilled water was aided to reduce the fot conbont to 400, After overnight
holding at 7°C. the creem was churned in & mmell loboxatory type chwrm
(42 ibe. eresm, 4G BuFe .oy 13 churnings) ot o temperature of 10°C. Two
washes with smell quentities of chilled weter (10°C) were usually given
af’ter each cnmming. The buttermilk and washings werc preserved for the
isolation of the enzynme.

The rest of the method was as per Norton *2), After aislysis
in step 4, the solution was frozen in stainless stosl drays at «15°%C for
5 hours end then frecse-dvied for 48 hours, The dried product was trensferved
to glass bottles and held in the deep freezo ot ~15°C for the rest of the
experinental period.
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Micro-KJjeldahl nitrogen determination (81) indicated that the
buttermilk, plus washings, had a N content of 3.6 mg/ml. and for the enzyme
solution, after the dialysis stage in step 4, it was 0,22 mg/ml.

To determine the specific activity, the Aschaffenburg-Mullen

test (Tramer and Wight's modi fication) (84) was undertaken, Liberation of
p -nitrophencl was followed by an All-Purpose lovibond Comparator and Disc.
The dilution of the sample to give a liberation of 16 44 g p-nitrophenol in

ten minutes was determined.

For buttermilk this dilution was 10™2, i.e. the enzyme
consentration in a 10”2 dilution of the buttermilk gave a liberation of
18/ g p-nitrophenol in 10 minutes ( i.e. 1,8004g/ml. of the neat solution).

The specific activity for buttermilk was:

M8 /g N or l?—% = 500 units
per mg N,
The enzyme sclution gave a reading of 18 at a dilution between
10"2 and 10‘3, i.e. at neat concentration 1800 - 18000 ug p-nitrophenol would
have been liberated. An arbitrary figure of 8,000 was selected as being the

nearest.

Specific activity *  was -g% « 33,363

Purification achieved = 33,363 = 66-67 fold
500

Starch-Gel Electrophoresis (7) of the phosphomonoesterase
indicated two mjor and 4~5 minor bands (see Plate 3 in Chapter II, Section IV (C)
of Part I of this thesis).
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It is not known whether all or only one of them have
phosphomonoesterase activity, or whether the two major components are in

equilibrium with each other, as was the case with rennin,

c. rat of 4cid Ca
Details of the preparation have already been given elsewhere

(Part 1, Chapter I1I).

Analysis indicated that the ash content was 2.0% and the

moisture content was 1%.

Starch-Gel analysis indicated 15-17 componsents which was
oomgaralile o the results of Wake and Badowin 7 and Nesdin st al, ¥V (gee

Plate 2 in Chapter 1I, Section IV (B) of Part I of this thesis).

Phosphorus analysis of the acid casein indicated 0, 74% P; a
lower figure than normally given by various workers (about 0,8%). The
determination of phosphorus (as P205 ) was based upon methods prescribed in
the Fertilizers and Feeding Stuffs Regulations, 1960, Seventh and Eighth
Schedules, and the metlod sheet (No.60) was supplied by UNICAM Instruments Ltd.,
York Street, Cambridge, U.K. (83 ). The method for determination of phosphorie
acid in feeding stuffs was followed.

D, Determination of Liberated FPhosphate from Casein*
(1) Preparation of casein solution
A paste was prepared by mixing a weighed quantity of the
freeze-dried acid casein with a small quantity of distilled water and any large
lumps were broken down by means of a glass rod, This helped to give a more even
and quicker dissolution of the casein subsequently.

* By ‘casein' will be meant the whole caseinate complex in this thesis.
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More distilled woter woas then edded to disperse the casein., The required
quantity of 0.1N NeCHl was added dropwise through o burette; the cesein
dispersion being constantly stirved by meons of o magmetlc stirrer. The
solution at a pil of 6475 was then made up to the desired volune by distilled
water, The finnl pi wes generally between 6,70 to (.75 at room temperature.
During the final stages of 0.4N NaOH addition, nisin ‘®5) (supplied by Aplin
and Bayret Ltd., Yeovil, Englend), an antibiotic, was added to the casein
solution at a final concentration of cbout 100 p.pen. Nisin did not affect
the enzymes rennin or phosphomonoesterase, oo detornined in the milk and the
Aschaffenburg-iiullen test respectively. Thus, 2C uls. of pasteurized milk
containing 100 pepene nisin end cbout 20u o remnin,cosgulated in about

5=10 minutes. which was similor to a control somple not containing nisin,

and a 0,01 mg per nl. solution of the phosphomonoesternse gave a reading of 18-
in 10 minutes on the Lovibond Comparator vhether nisin (100 p.p.m.) was present
or not. The tests Lhove no quantitative significance.

The general technicue developed is described below.

Twenty mls.of a 350 casein solution (pfl 6.7) was teken in
15 x 2 em pyrex test tubes, vhich were held by clomps in o water-bath main-
tained at 38°C. ¥hen either vemnin or commercisl remmet was tested alome
on casein they were usuclly added after solubilising in distilled water; 5 mls.
of the enzyme solution in distilled water being addod to the casein solution to
give a final volume of 25 mls. in the reaction tubes. After the desired time,
the reaction wes stopped by pouring the test tube comtents into a stoppered
measuring cylinder comteining 25 mls. venadium molybdate (83), The latter
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served a threefold purpose, nomely,precipiteting the casein; inactivating
the enzyme end reacting with the liberated orthophosphete to give the soluble,
Jybdate complox. The test tubes were weshed

three times with distilled weter into the nessuring eylinder and the final
volume in the latter waos made up to 75 mls. The whole was then filtered in
a Bidmer funmnel using retentive filter-pepor, c.ge Vhatman Nosl2 or 3.

The samples were usually set aside for 2 to 4 hours foxr full
colour development., It was found that using twice as much venadium molybdete
gave a much quicker colour development, althoush orthophosphate liberatian
with reference to & suitable standaxd wes similor ¢0 that of a sample treated
with 25 mls. of venadium molybdate. Iowever, due to the high acidity in the
nolybdate resgent it was considered advischle to use the smaller quantity.

It was found necessory to re-{filter the solutions before examining
in the spectrophotoneter for percentege tronsmission neasurements, since part
of the casein degradetion products were precipitcted only later after prolonged
contact with the molybdate reagent due to glow agrrepntion. Repsated
filtrations between 4 {o 24 howrs after colowr development of a sample did
not appreclably affect the final percentoge tronsnission reading.

The dlear crange coloured soluticne were exemined for percemtage
trensmission in the Bockman Model D,U.Spectrophotometer at 420 m 4 using a
standard phosphate solution containing 0.4 a:gF205/1Gﬂnh. solution as a
reference (1007 transmission) (35). Percentoge phosphorus liberated wos then
celoulated from the stendexd curve (Figure 1 - see later). When necessaxy, the
samples were diluted suitably so that percentege trenmmission figures could be
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related to the stendard curve. A fresh reference stondard was prepared
for each series of readings on the spectrophotometer,

Vhen phosphomonoesterase had to be incorporated in the reaction
mixture a slight modification was necessary.

To 20 mls. of a 3.5i casein solution (pil 6,7) the desired quantity
of rennin or remmet was added as a powder, using o comel hedr brush to
minimise the troce of renmin or remet left behind in the welghing boat. At
the appropriate time the phosphomonoesterase wos ndled as a solution in 5 nls,
of doubile strength Ne,00,/NaliCO, buffer (84) | g5 inoreased the it o 905
when remnin or rennet would be inactivated, vihereas this pil was sbout the
ki Zie shoadonmomiiens Torwonk mivtesien "7, Wha seckli i
stopped as before in 25 mls. of vanmadium molybdate and phosphate liberation
neasured in the spectrophotometer.

In recctions where casein was {irst reacted with phosphomono-
esterase,end then with cither rennin or commcrcicl raanet, the procedure was
further modified.

Fifteen mls. of 4.66% casein solution in double strength carbonate
buffer at pH 9.5 was taken in the reaction tubes. To this was added 5 mls. of
the phosphomonoesterase solution in the same buffer, Af'ter the appropriate
time interval, 5 mls. of epproximetely 0,2 N HCL was added to the tubes and
mixed well with the contents by imversion of the tube, After each inversiom
mmmwbmﬂhmmhmzwm,mwuu/mu
reaction. The pil dropped to 6465 to 6,70 and renndh or rennet was then added
as o powder., The final volume and the casein concentration was the same es in
the other reactioms. The remnin or remmet powder could not be added with the
acid since it had to Le made certain thet the pil of the reaction mixture was
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below 8.5 before they were introduced to reduce innotivation of the engymes.

ase only, the
enzyne was dissolved in 5 mls,of distilled walcr and added $o 20 mls.of a
3.5% casein solution at pil 6.7. Tf the recction wos at il 9,5, the casein
solution was mode in the dovble strength buffer ond to 20 mls. (3.5 casein)
was added 5 mls.of phosphomoncesterase solution in the same buffer. The
reaction in all enses wos stopped as before in 25 nls.vanadium molybdate and
phosphate liberation measured in the spectrophodameter. Control samples wore
given similar treatments without the enzymes.

Use of double strength carbonate Lulfor 414 not appear to affect

the activity of the vhosphomonoesterase ensmyue on the synthetic substrate
disodium p-nitrophenyl phosphate,

The colibration greph wes dvewn by plotting percentage trensmission
mmabadsmagaimtlmommtsd’?gﬂg(inmg.;/wons.soluum) on the

ordinate. The method was based on the Seventh and Zighth Schedules of the
Fertilizer and Feoding Stuffs Regulations (83). The concemtrations dPaesm
scaled down 50 times to suit the experimental conditions.
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Regulgi~ A straight line was cbtained on the groph (Figure 1). In
subsequent experiments, phosphoxrus liberation was caloulated with
reference to this calibration curve.

Details of the technicue have already boan given elsevhere,
Twenty-five nls.of the reaction mixture contained 700 mg coseln and about

52 mg phosphorus (or 12 ng Py0g equivalent) cssoclatod with the casein;

13¢5 mg rennet or 8,0 mg rennin (taking Nall contoni into aceount), end 6 ng
alkaline milk phosphomonoesterase whenever used. Liougyme:substrate ratios were
135149, 1:87.5 end 1:116.7 respectively (see Tolle I1I).

The rennin or the rennet acted on the casein far 1 hour, while
the phosphomonoesterese acted for 30 hours. Total reaction time was 31 howrs.
The extended resction time for the phosphomoncesterese was based on Perimen's

m(“) that phosphomonoesterases acted cnly slowly on unfractionated
casein,



TABLE II

Liberation of Phosphate from Casein by Remnin/Rennet
and Phosphomonoesterase used individuslly or together.

| . anzm 2 R0, = P205 = %097(01' total) hausbgatod
. ot 420 my U/100mls.  mg/75mls. U008 P,0; %) .
] € 6.7/1h 4+ 5 mls.D.S.B./3Ch. 105 106 = - - - - -
2 C 9.5/30h + 5 mls,0.2N HEL/h 105 105 = - - - - -
3 B, P9.5/30h 105, 105 0,03 0,05 0,023 0,038 0,19 0,32
5 B 4 P9.5/3%h 105 104 - 0,03 = 0,025 = 0.19
5 C 6,7/1h 4+ P9.5/30h 105 104 = 0,03 = 0,023 ” 0419
6 C 6,78 /1h: 5 mls.D.S.B./30h. 103 102 0,05 0.07 0e038 0.055 032 0ol
7 C 6.7s8%/1h: 5 mls.D.S.B./30h. 73 75 0455 0.52 Oalt  0.39 3.k 3.3
8 C 6.7+8%/1h. P9,5/3Ch 103 104  0.05 0.03 0,038 0.023 0,32 0.19
9 € 6.,7:R%/1h: P9.5/30n 76 7h 0450 0.53 0.38 0,40 3.2 3.3
10 C 9.5:8/30h: RT6,7/1h * 105 103 = 0,05 e 0,038 - 0.32
11 C 9.5+8/30h+ B6.7/4h * 77 76 048 0.50 0.36 0.38 3.0 3,2
HNOTE:

C = 3.5% casein solution; 6.7 and 9.5 refer to reaction pHl; P = phosphomonoesterase;
RN = ryennin; RT = rennet; D.5.B, = double strength carbonote buffer pH 9.5;

1h and 30h refer to time in hours.

Numbers in red in the main feble represent results from o similer but completely
independent experiment.,

Rennet and remnin were added in powder form,after 5 mls 0,2 N HC1 was added to reaction
tubes (see Section I).

Rennin and remnet concentrations indicated have been compensated for salt concentrations.

-g9-
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Table II clearly indicates that alkaline milk phosp
has little ar no effect on the release of 'phosphorus ' from casein. But
the interesting result was that rennin itself had liberated 3,07 to 3ukb of

the total phoophorus, which was swprising, becouse of the view held that
rennin had no phosphomonoesterase activity (79) + Commercial remet, slthough
used in & much higher quantity (13.5 mg) than reanin, hed only a minor offect
on ‘phosphorus * liberation, explained wholly by the very low concentrotiom
of remnin mresent in it, This wunexpeoted result wilth rennin camplicated
matters nz for oo Dyachenko®s postulation (79) » that vennin splite only the
NP linkope, was concerned. It appeared probable that the phosphote pgroup
acted as o link between adjacent caseln chains ond that the bonds Iyirolysed
by remnin to zeleass the orthophosphate (for vhich the vanadium molybdoto
reagent is specific) were other then =0-'- bonds. This point wes lrwestisased
on gynthetic subotrates.

'egt on di-sodium penitrophenyl phosphate

The modified Ashaffenburg-iullen phosphatese tost (O
wos cerried out on the three enzymes; the concentratiomns used beins the pome
as in Bxperinent 2,

The alkaline test (pil 2,6) was done in the usunl covbonate
mm%m%ut@&Z)Wémm%ﬂmzmhmw(&}g
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Observetions at 2 and 18 hours indicated definite
elkaline ond acid phosphatese activity in the commerciel remmet powdler; bub
rennin @id not show activity ot either pl. The activity of milk phospho-
monoesterase ot the alkeline pil wes casily the strongest ond even ot pil 6.2
its acdd cctivity was stronger than the commercial remmet powder,

One-lmmdred mg of the salt wes dissolved in ebout 50 nls.
of distillsd wobex,

Fifteen mls.of the solution was teken in ead: of thxee
test-tubes. DNomin ond commercial remmet povders were added totm{(using a
similar concentrotion as in Experiment 2) after dissoiving in § mls, of
distilled vater, vhile in the third the ndlk phosvhomconoesterase wus added in
5 mls, cerbannte buffer (pH 9.6). Reactions were cerried out at 38°C for 1 howr,
after vihich the tube contents were powred into o stoppered measuring qylindar
containing 25 pla vanadium molybdate. The volume in the gylinder wes nade wp
to 75 mls.

The remnin preparation showed no phosphetase sotivity.
Commercdel yommet showed some, whereas the phosphomonoesterase preparation
appeared to release all the phosphoric scid from the salt during the howr. The
high acidily of the venadium molybdate eventually liberated 211 the phospharie
ecid from the glucose salt in the remnin end remmet treated semples vhen held
overnight at room temperature, The acidity. however, 4id not cause trouble
with cesain es Indicated by the control reedings in Experiment 2,
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Results:

The qualitative experiment on synthetic substrates indicates that
the mode of action of rennin on casein (Experiment 2), compared to that of
milk phosphomonoesterase on the synthetic substrates in this experiment was
different, although the orthophosphate was liberated in both cases. This
difference in action was possibly due to a different type of bond present on
the casein as compared to an -0-P- bond in the synthetic substrates.

Rennin, therefore, appears to have no phosphomonoesterase activity
on synthetic substrates in which the phosphate is known to be linked by ester
type covalent bonds, but can liberate the 'phosphate’' from casein (Experiment 2).
The latter aspect was studied further, as described in the following experiments.

Further studies on the commercial rennet were discontinued.

E nt 4:

Phosphatase Action of different Ren Concentrations
on Cagein at a Fixed Reaction Time (1 hour).

3. 5% casein solution at pH 6.7 was prepared, as described
earlier. To 20 mls. was added 5 mls. of rennin solution in distilled water.

Reaction was stopped in vanadium molybdate as usual,

Rennin concentrations of 0.32, 0.6k4, 0,96, 1.92, 3.8, and
8.0 mg were used giving enzyme:substrate ratios of 1:2188, 1:1094, 1:728,
1:364, 1:162 and 1:87.5 respectively. (See Table III)
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ZAEE JIX

The Phosphatase Action of differ-nt Rennin Coencentrations
on Casein ot o Pized Reaction Time (1 houx)

% Py0; = POs 3 % Pof totel)liberated
o b g oo Bg/A00 mls. mo/75 mls (07 8 ;:sf;g ’;“' 12 ng
1 C 6¢7 + 5 mls.dist.water/ih. 105 105 - - - - - -
2 € 6.7 + B 04320/1h 103 106 0,05 - 0,038 - 0,32 g
3 C 6.7 + B 0.6umg/in 100 103 0l 0.05 0,075 0.038 0,63 0,52
" € 6.7 + BY 0,96mg/1h 100 101 Oei  0.08 0,075 0.06 0,63 0.5
5 C €7 » B 1492mg/1h 95 97 0et8  0.15 0,435 0.113 449 0,94
6 € 6.7 + X' 3.8mg/in 8 67 0e35 0.3 0,264 0.23 2.3 1.9
7 € 67 + K 8.0ng/Ah 2 7 Co57 0.52 0,427 0.39 3,6 3.3
IGEE:

C = 3.50 cesein solution; Rn'm remiing 6,7 = rosction @ 4 h = 1 hour.
Rennin concentrations indicated have been componsated {2 salt encemtration.
Velues in red in the nain table represent results fram o siniler independent experiment.
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ts:

Phosphorus liberation at the end of 1 hour was variable at the
lower enzyme concentrations 0,32 to 0.96 mg (enzyme:substrate ratios between
1312188 to 1:728). Due to the small quantity being liberated, small variaticns
in technique would magnify wvariations in the caloulated phosphorus liberation
values. In an independent experiment it was found that O, 32 mg rennin (E:S =
1:2188) liberated 3.1% of the total phesphorus in casein in 52 hours. Because
of the time factor involved, it was decided that further studies on the
phosphatase action of rennin on casein be limited to the higher enzyme
concentration, i.e. 1.92, 3.8, and 8.0 mg (E:S of 1:364, 1:182 and 1:87.5

respectively).

Phosphorus liberation of 3.3% to 3.6% for the 8 mg rennin
concentration compares favourably with results obtained in Experiment 2
(3.0% to 3.4%).

eriment 5:

Phosphatase action of Rennin using three Enzyme:Substrate
Ratios at varying Reaction Times.

The experiment was conducted on similar lines as before, using
20 mls, of 3.5% casein solution at pH 6.7 and adding rennin dissolved in 5 mls.
distilled water. 1.92, 3.84 and 8,0 mg remin concentrations were used (E:S of

1:364, 1:182 and 1:87.5 respestively).
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TR IV
Phosphatase Action of Remnin using three Engyme:Subetrate Redios at varying Reaction Times

o % Corrected _ &P (of total)
Reaction Biaution Transmission 205 = for P2°53 (m
factar. at 420 my mg/i00els  ailution. mg/75mls o 3 PRR%0" o
i

4 C6e7 5 mis.dist.water/1h - 109 - - - -

2 06.7 : ﬂ: 1.m1h - 102 0.07 - 00053 00“

3 C6.7 + RV 3,84mg/1h - 9%, 0e20 - 0s15 143

L 0&7 4 BN 80 n/1h} - o Oow N - 0036 340

5 C6e7 + +dist.water/2h - 108 . - i "

6 C6.7 + R 1.92mg/2h - A 0e25 - 019 16

7 C6.7 + 5; 3e8ng/2h - 79 Culi5 - Ou 34 2.8

8 “n? + 8.0 Ig/2h L 62 0073 - 0.55 M‘

9 “‘7 +* 5 m.mt.ﬂm/m - 110 - - - -

10 6,7 + RY¥ 1,92 - 73 055 - Ol 3.4

1" C6e7 + BV 3, 2 80 Ouk3 Ce86 0e65 5.4

12 0647 + ﬁ’ 80 ‘.h 2 69 0061 1022 0.92 7-7
13 C6.7 » dist.water/24h - 110 - - - &

1% C6.7 + 1.92mg/24h 3 8 0.37 111 0.83 6e5
‘5 0607 +* 30w2‘lh 3 79 00#5 1035 101 a&&-
16 6.7 + RY 8,0 mg/24h 3 76 0e50 1,50 1413 945
JROIVEE

€ = 345% casein solution; R . rennin;

6e7 = reccticn fly 1h,2h4h24h = time in hours.

* Dilution fackor - semples diluted 2 or 3 times origincl volume before reading % treonsmission.
Remnin conecentrations indicoted hove been compenssted for salt concentration.
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Results:
Percentage (of total) phosphorus liberation figures given in

Table IV have been plotted against time in FPigure 2 and against rennin

concentrations at the different reaction times in Figure 3.

Figure 2 shows that in the early stages of the reaction with
1.92, 3.84 and 8,0 mg rennin, the reaction follows zero oxder kinetics
(for approximately 4 hours), after which first order kinetice are followed.
At the end of 24 hours, all the 3 curves are still rising, although the
steepness of the rise diminishes with increasing rennin concentration,
explained by first order kinetics, namely, that at any giwen time there is
less of the substrate available to the higher rennin concentration as

compared to the lower concentration.

It was mentioned under Experiment 4, that in an independent
experiment 0,32 mg of remnin (E:S = 1:2188) had liberated about 3.1% of the
total phosphorus from a 3.5% casein solution in 52 hours. In Figure 3, the
2~hour curve indicates that 0,32 mg rennin would have liberated atout 1.2%
to 1.4% of the total phosphorus in 2, hours, which compares favourably with
the 3.1% liberated in 52 hours. ' |

Figure 3 oonfirms that up to almost 4 hours the liberation of 'P'
followed first order kinetics and at the 2h-hour level only those tubes
containing 0, 32 to 1.92 mg remnin would follow zero order reactions.
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Experiment 6:

8] se action of R a 1% Casein Solution
us En 1Substrate Ratio of 1:25.

The previous experiment indicated that given time, more
than 9.5% of the total phosphorus could be liberated from casein ( see
Pigure 2)., In this experiment, the enzyme:substrate ratio was set at 1:25
to find out whether this increased ratio would indicate how much more

phosphorus could be liberated.

Conditions for making the 1.0% casein solution and addition
of enzymes were similar tc those desoribed previously. To 20 mls. 1% casein

solution (pH 6.7) was added & mg rennin in 5 mls. of distilled water.
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TANE

Phosphatase action of Rennin on a 1% Cesein Seclution using
Enzyme:Substrate Ratio of 1:25 at verying rcaction tinmes,

sample Resction Dilution Trmfi%mon iy % Gutwid  Aigw ) Pu(;:r:z:f : ?:- Control
factar at 420 my nmg/100 mls g 50e. . me/75 mls  (Oe2g cesein hes Values
Seli3ng PyO; =)

1 C647 + 5 mls.dist.water/ih,. - 103 0.05 - 0,038 101 -

2 C6,7 + 5 mls.distewater/8h. - 100 0.10 - 0.075 2.2 -

3 C6e7 + 5 mls.ddst,water/24h, = 103 005 - 0038 1.4 -

& 06,7 + R Bug/ih. 2 89 0,28 04 56 Culi2 12,3 1142

5 C6.7 + B Sag/ih. 2 87 0.3 0.62 Ouk7 13.7 12.6

6 C6e7 4+ B 8mg/2h. 2 87 0.3 0.62 DeisT 13.7 12,6

7 C6.7 + B 8ug/ih. 2 87 031 0.62 Ouli7 13,7 12.6

8 C6.7 + R 8mg/h. 2 86 0.33 0.66 0.50 14.6 12,4

9 C6s7 + B Bmg/2in. 2 87 0,31 0,62 0uk7 13.7 1246

C = 1.0% casein solution &' = rennin; 6u7 = resction pil;

th, 1h, 2h, Lh, 8h, 24h = time in howrs

Remnin concentrations indicated have been compenscted for salt eoncentration.

S W BO0 G e W
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Pereentage {of total) phosphorus liberation figures given
in Teble V have been plotted against time in Figure 4.

The flattening of the anve at the end of the first hour ls
rother morked and suggested that rennin cculd liberate o meaximun of
12657 0 4 3407 of the total phosphorus in casein,

Also, at the high engyme:substrute ratio of 1:25, 2ll o most
of the phosphorus appears to be liberated in the first howr,

A pote of caution is, kowever, necesscry. The slopeof the
colibration amwve (Figure 1) indicates that small @ifferences in perventoge
transnission would magnify the dlfferences in pewcentage phosphoarus
liberation fizures, and this is noticeuble botween semples 7 and 8
respectively (Toble V) where o differcnce of 1 Trensmission les piven o
difference of 0.9 . in percentage 'P' liberated (almost an 87 chonge). The
camplete flatfening moy, thus be slightly misleading and it is possible for
the cwve to be noving in a slightly upwerd direction.

Control semples, Noe 2 and 8, (8 br.reaction) have both given
rather high percentage 'P' liberation figures, although when the control
velue is taken off the reaction wvalue ,the latter comes in line with the
other reaction values. It is difficult to cxplain the higher velues
obtained in these tubes, since the seme casein solution was used tiwoughout.
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Since there appeared to be o iendency for a groater relonse
of phosphcrus on increasing the enzyue:substrate ratio, the final study
of the phosphotane action of rennin on cesein was directed to finding the
effect of dliferent casein concentrations on the liberation of phosphorus
by remmin, Remnin concemtration chosen was 8 mg, since this liberated the
nexcimm ancunt of phospharus in 24 hours. The tecdinique followed for
prepexration of caseln solutions and other conditions of the experinent
remeinod the some as before, Casein concentrations used were 0.5, 1.0,
1¢5, 240, 2.5, 30 and 3,5%; 20 mls. of each containing 1.71, 3e43, 5.1k,

6.86, 8,57, 10629 ond 12 mg 3205 ecuivrlent respectively.
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TAE VL
The Effect of Casein Concenmtration on the Liberation of Phosphorus by Reanin
S s PO, = Corrocted PO.% % P(of total) %P
. el i S E T
Semple Reaction dilution (or 60 mls.) (Os7g casein  for come
has 12 ng frol
P05 3) velues
1 0.5% C6.7 + Smls.dist.water = 104 003 - 0e018/60 110 -
2 0u 6 C6a7 + R“. Bng/2h b - 80 Ouli3 - 0.26/60 15.2 Yhed 152
3 1408 C6,7 + Smls,dist.wvater - 105 0s02 - 0.5 Ouks0 -
L 1.0606,7 s+ R, 8ag/oh b 2 88 0.30 060 0ubS 134 12,7 "
5 156 C6,7 » Smls.dist.,woater - 109 - - - - -
6  1.5606,7 + R, Sug/2A h 2 &, 0437 Ge7h 0,55 1049 1049
7 2.0% C6.7 + Smls.dist.water = 102 0,052 - 0,039 0e57 -
8  2.0606.7 + R, Bug/oh h 2 2 0.53 1,06 0,8 M7 TR
9 2.5% C6,7 + Smlg.dist.wvater e 110 - - - - -
10 2,56 06,7 + B', 8ag/2% b 2 I 0,58 1416 0.87 101 10,9 (oo
" 3.0 C6,7 + Bals.dist.water = 103 0,05 - 0,038 0e37 o
12 300/ CBuT HN, 8ng/2) b 2 67 065 1430 0,98 9.5 91
13 3.5 C6,7 + Smls.dist.mater 108 - - - - -
W 3.5% 067 . B, Gag/2 b 5 7% 0.5 15 113 9l 9ely 27
NOTE: C6s7 = casein solutions ot the indicated concentrations ot 1l 6,7

RH = rennin
2th = time in hours

Rennin concentration indicoted hos been compensated for sclt concentrations
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Besults:

Values for percemtage (of total) phosphorus liberated given in
Table VI have been plotted against casein concentration (%) in Figure 5.

Between 1.5% to 3.9% casein concentration (B:S = 1:37.5 to 1:87.5)
the phosphorus liberated varies little between 9% to 11%, but between 1.5%
and 0.5% casein concentration (i.e. E:S = 1:37.5 to 1:12.5) the phosphorus
released hes gone up from 11% to 1% The slope of the curve suggests that
not more than 15% to 17% of the total phosphorus in casein would be released
by renmin action. Although the graph has been drawn as a curve, it is quite
possible that points 'a’, 'b' and 'o' (see Figire 5) are on straight lines
with a 'break' ocourring at point 'b'. If the values uncorrected for the
corresponding blank are used {and this may be justifiable in view of the
zerc blanks obtained in some instances), the points on the graph for casein
concentrations of 1,5 and higher would be more nearly on a straight line,
with the exception of the 2,0% casein level which appears to be adventitious.
Using the uncorrected data and straight line plotting, the maximm release of

phosphorus appears to be about 17% of the total,

It is interssting to mote that the 2i~hour curve in Figure 3
(Experimsyt 5) represents an extension of this experiment into the more
dilute enzyme:substrate ratios. Figare 5 'a' represents a combined curve
for velues obtained in experiments 5 and 7 respectiwely. The general slope
of the curve for the lower enzyme:substrate ratios has been drawn as being
slightly more steep than indicated in Figure 5, but the overall picture
presented remains u-mn& the same.
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In previous experdments, no hulffer was incorporsted in
the recotion nizbuwre; the buffering reticon of the caszein itsell being
taken as sdogqute for the purpose. The pii of the solutions efier 2
howrs'rosction with rennin generally dsoppod firom 6.7 to Ge2-6,3, with
the foruation of a precipitete of cesein,

In this experiment, rawmin vas dissolved in a varonale
acetate bulfer (87) at p 6,7 before addition to the reaction tubes, andi
the resulis were compared to a nonsbuffered gystem.
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TARE VIT
The Effect of a Buffer on the Fhosphatase Action of Rennin on Cesedn
% P05 =  Carrected P,0; & % P(of ;:al) ?P correctel
Dilution for libera or control
Reaction foctor  Lrone ng/100 8lse  4i9ution BE/T5 BlSe (g 70 cosein  velues
et 4,20my hes 12 o
P2°§ =)
1 355 C6.7 + Sals.dist. - 106 - - - - -
water.
2 3056 06,7 + B Bug/2hh. Smlsedist. 3 7 0.52 1456 147 9.8 9.8
water.
3 355 C6.7 + h.t(zr;?- - 101 0,08 - 0,06 0.5 -
5 3.5% C6.7 + K Emg/2hhs ml(:zz_t;- 3 7 0.55 1.65 142 1043 9.8

BOIB: C6,7 = coseln solutions at indicated concemtratiom at pH 6,7
®' = remin

2kh = time in hours
Remnin concentration indicated has beon compensated for selt concentrations
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Eemate:

It appears from Teble VII that incorporation of a buffer to
stabilize the pll at 6,7 caused little change in percentage phosphorus
release., DEven if this remult is based on only one experiment, ot loact
it indiontes that no greet deviation from the values of percentoege
phosphorus reisased by rennin, cited in provious experiments, may be
expectod,

A certain amount of caseln precipltate formed in the bulffored
gysten, sinilar to the one in the non-buffered reaction tube, af'ter about
8 howrs, but nost of the precipitate wos seen only af'ter 20-2) hours
reacticn. Prlor o precipitate foructlon, e ccsein coluticna contoining
rennin becons dlatineily opeque after cbont & howrs'reaction, s copored
to the coircic, The development of the opaguencss and the eveniunld
formation of the precipltiate nay partiy be oplained by denstwration and
egrregotion of the casein, as reacitive growns are eaxposed. If celclun ions
were precend, it is possible that the soovegetion (through colaium acting
as a intermolecular bridge) would have been faster,and the opecueness ond
precipitate development mach quidier than observed in the reaction tibes,
particularly since X, and (3 caseins are sensitive to the prosence of
caleiun lons (% 75),
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Section 1II:

e Fhos e Action of Milk Phos es
on Casein,

In Section II, Experiment 2, it was shown that the phospho-
monoesterase had little or no effect on the release of phosphorus from
casein. Further, it was found that remnnin had no plosphatase activity on
the synthetic substrates, whereas the phosphomoncesterase was very active

(Section I1, Experiment 3).

Zittle and Bingham (89), however, have reported an 80%
dephosphorylation of casein with alkaline milk phosphatase prepared by the
sathod ¢f Zittls and Dells Momios ‘790, in diseot oontmat to the finding
in this study on the phosphomonoesterase preparation prepared by the method
of Morton (4‘2). Zittle and Bingham also reported that the greatest activity
of their phosphatase preparation lay between pH 6-7 in contrast to over
P 5.0, normelly expected for this enzyme. This surprising report made it

imperative to study further the action of the monoesterase on casein,

Experiment 9:

The Phosphatase Action of Alkaline Milk Phosphomonoesterase on

Casein us t e ues.

A 3,5% casein solution at pH 6,6 was prepared as previously
desoribed. It was divided into three 140 ml. portions. BEach was treated as
under:-
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Porbion A: Added 2,3 mls.distilled water, Pinel pil = 6.6

Partion B: Added 0,7 mls.distilled wter,

plus Final pi = 8,0
1.6 wls.N HelHl

Portlon C:  Added 2,3 mls, N NaOH Find pil = 9.5

The antiblotic, ndsin, was added durdny the initial preparction
(100 pepeite). The reason for using sodiun hydroxide to adjust the pil
instesd of the carbonate-bi-carbonate buffer used previously vwes becouse
of the posaible inhibitory effect of corbomate ions on the phosphonono-
eviovars ) itmgh tits wes e bubres uesd in She AsdatTeribungs

Hullen pghogplintase test for milk (&).

To 20 mls. of the casein solution, o8 treated in A, B ani C
ebove, wos adled 6 mg phosphomonoestercse dissolved in 5 pls, of z:z;;::z
solution {ntodc solution had 1 g big’.!la/‘» 00 mls,.solutiom). The
concentrotion of Mg '’ in the reuction mixture wes spproximatcly 10" % 2ar
seckaem sokivation of e s V2, g aviitien of UgCl, roducod the
pi of recction mixtures 4, B and C to pil 6,05, 7.35 and 8.75 respectively.
Reaction tubes 4, B amd C conteinod sbout 0,69 ¢ cecein mnd 6 ng phosphotase
to give an engyme:smbstrate ratio of 1:115.



The Action of Alkaline Milk Phosphomonoesterase on Casein using three pH values

=84~

TABLE VIII

Sample Reaction yi Erfg:n’z.isian 9; mtzgn ﬁ::p!;:nu

4 2 &

14, 1B, 1C + 5 mls MgCl,/6n 140 1480 108

By W + 5 =ls NgC1,/2kh 109 110 108

3, 3B, 30 C + P, 6mg/1h 100 106 107

i o M G+ P, Gag/22 110 107 107 negligible

54, 5B, 5C C + P, 6mg/6n 1 108 107

6s, @B, ¢6C C + P, émg/12h 109 107 105

w, ® C + P, Gag/2ih o7 08 106

NOTE: 1=7 = tube number

A, B and C = reactions at pH 6,05, 7.35 and 8.75 respectively
1h, 2h,etc. = time in hours

P = alkaline milk phosphomonoesterase
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Results:

Teble VIII shows that there is no obvious release of phosphorus
fron cesein at the three reaction pH. even at the end of 24 howrs reaction
with the phosphomonoesterase, inspite of adding Mg'* and not using the
carbonate buffer. The pH (initially 6,05, 7.35 and 8,75 respectively in
tubes A, B and C) dropped to 6,0, 7.15 and 8415 respectively). The drop
in pl without a corresponding release of phosphate indicated that it was a
denaturation phenomena with the unmasking of acidie groups. Some
precipitate hed formed after 24 hours reaction, which again could be
explained by denaturation followed by eggregation, particulorly since Mg *

ions were present.

It was decided to repeat the experiment using higher enzyme
concentrations and reacting for longer times.

Exporiment 103

Ihe Action of Alkaline Milk Phogphomonocesterase on
Casein using a Higher E:S ratio (1:34.5) and Longer
Reaction Times.

The technique used was similor to that used in Experiment 9,
except that the final reaction pH was 6.5, 8.3 and 9.6 in reaction tubes A,

B and C respectively, Twenty mg of the phosphomonoesterase was added to give
an enzyne; substrate ratio of 1:34.,5. Results are given in Table IX,



% P05 = P05 = % P (of total) 5 Phosphorus
- Bl TR wAde e SREGRL RTmLE
Pzgi E)
14 C6.5 5 nls lgrnz/sl.h 100 0410 0e075 0,63 -
24 C6.5 P, 20mg/5th 98 0.13 0.098 0.82 0419
1B C843 5 :ﬂ.a.ﬁgC].z/ﬂ.h 97 0s15 0.113 Co U -
2B €8.3 + P, 20mg/5kh % 0a2 045 1425 0. 34
1c C9.6 5 mls.gCl,/Skh. 93 0.22 0165 1,38 -
x C9%6 + P, 20mg/5th 95 0,18 0s135 1013 “

C = casein solutions
6e5; 83, 946 = pH values
P = phosphomonoesterase
Skh= time in hours
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Somlta:

It is evident from Teble IX that little phosphorus was released
from cosein by the phosphomonoesterase., The high reedings for the controls
at the higher pil values may be explained by the lability of the phosphate
mmpmmmtmmammmm(“).

In en independent experiment a casein solution incubated with
the phosphononoesterase for 48 howrs was chedked for phosphatase sctivity,
immedintely after adding the enzyme and after 48 hours reaction at 38°C,
The muibstrate used wns di-sodium p-nitrophenyl phosphate. Therc eppeared
to be no loss of phosphatase activity ot the end of 48 hours, indicoting
that the ensmgyme had not been destrgyed in the reaction.

In o further experiment, coniitions approximating those of
Zittle ani Dingham's (89) were employed; nonmely, a similer ensyme:subsiyote
ratio,veronaleacotate buffer (87) at the sone concentration as in thelr
experimont and s pi of 7,0, Concentration of nagnesium iens was olso
similor. Only the method of phosphorus determination was different.
Howevar, no evidence of phosphorus liberation was found with this phospho=-

nonoesterase preparationsas compared to the finding of 80% dephosphorylation
by 2ittls end Binghem (89),



Experiments to dote have established the release of about
15% to 17 phosphorus from casein through the action of remnin, but no
release of phosphorus was evident through phosphomonoesterase action,
Purified remnin did not have phosphatase action on synthetic substrates,
such as di-sodium p-nitrophenyl phosphate and glucose-1-phosphoric acid
(@i-potassium salt), whereas the phosphomonoesterase was extremely active
on them. Commercinl rennet had some activity ~ this was not unexpected,
sinoce it is possible for contaminating enzymes from the calf mucosa to get
into the remnet dwring its commercial extraction.

The reasons for the inability of the phosphomonoesterase to
release any phosphorus, as compared to 80% dephosphorylation of casein
atrideted %o Shis sngrne by 1E4En and Bagum %7 sve ek doar, These
workers used an enzyme prepared differently (90) from that of Morton ("2).
Commercial remnet was used for precipitating the casein from skim-milk end
it was quite possible for some rennin to have been co-precipitated aleng
with the phosphemonoesterase. However, at the most, this would account far
only 2% to 24% of the phosphorus reported by then (°9), if remnin liberates
a maximum of 17% from cesein. It is, however, unlikely that remnin conteminatior
would be high enough to account for even 20% of their reported figure.
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The other possibility wes that the two enzyme preparations
were, in fact, two different enzymes with different specificities and are
prewent, ns such, in milk, Only a stuly of the two enzymes together would
confirm such a supposition.

Cagein treated with alkaline phosphomonoesterase for some hours
and then precipitated with vesdium molybdate was observed to give a deep
yellow precipitate. The vanadium molybdate reagent contains nitric accid,
and this adid is knmown to reesct with arometic anino acdds to give a yellow
colour or yollow flakes with proteins containing arometic emino acids (92),
A remnin treated casein or casein by itself did not give a yellow precipitote
unless hoated ot 50°C for holf en howr or so, in contrast to the yellow
precipitate obteined immediately on precipitation of phosphomonoesierase
treated casein, This was possibly because the nitric acid in the venadium
molybdate reagent had quicker access to the aromatic amino acids in the
phosphomoncesterase treated casein, as compored with the rennin trested or
untreated cosein; porhaps through some hydrolytic action assocloted with the
phosphomoncesiernse preparation. It is not known vhether the release of the
aromatic mino ccids through such an action, either free or associated with a
soluble peptlde, was the cause of the blue colowr which developed in Sumner's
method (M) 25 used by zittle and Binghem (89 for phosphorus determination.
The aranatic emino acids are known o give varied colour reactions (%) with
somewhat sinmiler resgents as used in this method (89, 9‘). However, mo
satisfactory explomation can be given for the completely contrasting result
obtained in this study, as compared to Zittle and Bingham's finding,

Kalan ond Telka (93) have, however, indicated an 857
dephosphorylation of whole casein, using calf intestinel mucose acid
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phosphomonoesterase , which wes in general agreement with Zittle end
Binghen's finding (?) vased on the use of alimline milk gy
which, however, had shown greatest activity on casein at neutral pi,

‘ Senpethiomer ot al, ‘®) Lave reported 55¢ dephoephorylation

of whole casein using sn acid pyro-phosphatase from soya besn, and
Sudsraragan st Saxma $99) sepbacpborylated whole casein $6 e sxtent of
77% using a phosphoprotein phosphatase (scld) from ret tissues, This
engyme wes ackive on phosvitin (phosphorus as monoester), but noton
/3 =glyccrophosphate, so the exact nature of the enzyme is not clear, These
results oro cumparchle to Zittle and Binghan's (8% wiich indicated Hhat the
phosphononoosterese preparation used in this stuly and prepared by the nmethod
of Harton #2) s o aifferent enzyme to Zittle md Binghem's preparstion,
although it acted rapidly on gynthetic substrates, such as di-sodium pers-
nitrophenyl phogphate, and behaved as a monoesterase, Overall resulis from
the action of phogphatases on casein sppear confusing. However, the results
obtained by all the sbove workers did not account for ebout 15 to 207 of the
total phosphormus in casein and it was on this that results with rennin in this
study sssume signdficance.

In this study,rennin was found o Liberate 15% to 176 of the total
mmm,mmmmmtmmammm
general.

m(“) mm&ath%atthowmmo(m
was linked os a phosphoamide dfester with a ==P-O- bond and Dyachenko ¢ 79)
mawmwmmmmmhm.
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The phosphorus was suggested as being linked to the guanido group of
axginine, Further study was, therefore, directed to finding whether remin

sction on cesein exposed more guanido groups on the molecule than those
zlready fres. =andl to attempt to correlate phosphorus liberation with
exposure of guenido groups of arginine due to rennin action.

To study the exposure of arginine guenido groups on casein,
&us to rennin action, the Sakaguchi test (02¢ %) for arginine was selected.
The test wos specific for arginine and, moreover, was also specific for the
guanido group (95), It involved the addition of sodtus hydroxide, O«1
X =nagithol in 707 alechol solution, and 0,5 sodium hypochlorite to a
solution cambaining arginine when a deep red colour developed.

A 3.5 casein solution (p# 6,7) was prepared, as described in
Chapter II Section I. To a small portion, verying quantities of the reogonts
specifiiod above were added., A red colowr developed indicating thet part of
the ergimine ot least on the casein hed its puanido group wnatteched.
Preliminary expoeriments were then carried out to find the optimum cuantities
of the recgemis X~-naphthol and sodium hypochlorite which were necessoxy to
be added to 2 mls, of a 2,87 casein solution (20 mls. 3.5 casein solution .
5 mls. distilled water = 2,87 casein solution - see later experiments), and
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0.5 mls, 4 Il Nalil ¢o obtein meximum colour development. The reaction was
dome at 38°C, After seversl observations, the following procedure wes

adopted: =

1. 2 nls, of & 2,85 casein soluticn (3l 6,7) were tsken in
small colorimeter test tubes; 75 mm x 15 mm held in a
water bath mainteined at 38°%,

2. 0e5 nls. of 1 N NaCH was added.

3. The aikali was followed by 0.5 mls. of 0.1% ©C naphthol
in 704 aloghol solukion, and

b 1 ml, of 5% sodium hypochlorite solution.

Stock sclutions of X =naphthol and sodium hypodilarite wore
held in dexk bottles inside cupboards and toleon out only when needed,

ifter colowr development at 38°C, the tubes were taken out of
the water bath and allowed to cool on their owm to room temperature.
Percentoge transmission was read in the Beckman Model I',U,Spectrophotometer
about ¢ howr %o 1 hour after colour was first developed. This was to allow
meximm colour development.

ihe wavelength at which maximum absorbtion of light cccurred
for the chove gystem was found to be 420 m U, relative to distille’ water set
at 1008 trenmmission,



3

There was o tenlenay for bubbles to stick to the sides of
the cells conteining tho sample end affect percentage transmission reedings.
It was found importent to invert the cells twice ar thrice to dislodge the
bubbles, partieulerly from the reflecting sides before taking readings in the

The bigsest problem encountered wvas the opagueness of the
coloured casein solutlons, as exsmined in the Bedman. A preliminary
examination of an undreated and rennin treated casein solution indicated a
definite lowering of percentage transmission in the remnin treated sample.
This lowering of percentage transmission could have been due to two reasons:

{a) Incvecsed opacity of the casein solutions due to rennin cction,
It wos stoted elsewhere that remnin action did inecresse the
opocity and caused the eventuel formation of a precipitate ot
the end of 2 hours in the reaction tubes.,

(b) Increased colour development in the Sekaguchi reaction, due to
expooure of more guanido groups of arginine on the casein
nolecule,

The following experiment was done to examine this point.

A 207 casein solution was reacted with rennin (enzyme: substrate
ratio = 1i87.5) for 4 end 24 hours. To 2 ml. portions were added 0.5 nls,
1 N NeOH ond 2 uls, distifled water. The somples were then checked for
percentage trensmission at 420 m /e



Iube Time of rennin freatment & Lransmission
1 Control 100
2 4 hours 98
3 2l hours 98

The experiment indicated that the opagueness was a constont
factor, vhethor a casein solution was treated with remnin or not. This waas
evidently due to the solubilizing action of sodium hydroxide used in the
Seksguchi reactiaon, even on the casein precipitate which farmed at the end
of a 2i~hour reactiom with remin. The maoked dearease in percentage
transminsion of the colour developed remmin treated sample, observed earlier,
must have been due to increased colour development, rather than increased
opacity. The result was sufficiently encoursging to pursue the matter further.

It wns not possible to remove the casein by precipitation md
measurc the colowr in the cdlear supernetent, since arginine was not released
into solution by rennin action, but remined attached to the Pecusein. This
was cleardly indlcated whem to the red coloured casein solution 207 trichloracetic
acld wes added (o precipitate the protein, The supernmatent was colourless,
whereas the precipltate was a yellowish colowr. The supermegant of a remnin
treated saple tested by the Sakaguchi reaction indicated no lerge scele
release of free erginine.

Colowr was developed in a 2,07 casein solution by the me thod
described ecarlier, and after verious time intervals, percentage trensmission
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was measured and compered with a freshly prepeved ssample, Resulis are
given belowr:

P W N -

2% hrs. 66}
% hr. 63

It was evident from samples 3 and ) that the colowr was stoble
for sbout 2 howws. The samples were kept swoy fram direct light and the
colarimetor tubes were well stoppered by meoans of rubber corks pricr to
examination in the Beckman Spectrophotometer, This technicue wos followed
in subsecuent cxperiments.

120,92 mg. of arginine monohydrochloride (laboratory reogent
grade) was dissolved in distilled water; the pHl of the sdlution wes hrought
up to0 7.0 by /20 NaCH, and the volume made up to 100 mls, The arginine
content in this solution was teken as 100 mg. % "/v.

Two mls, of a 2,8% casein solution ware teken in each of 6
colorimeter tubes held in a water bath at 38°C. The solution of arginine was
then added in varying volumes to obtain the desired arginine concemtretions in
the verious colorimeter tubes (see Toble X). Distilled water was added o
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LAELE X
Plotting of a Calibrotion Curve for Arginine
Tube No. Arginine solution added (mls.) Distilled water %

and Arginine = (ng.) added (mls.) " Trensmission ot 420 l;_:
1 - 1 100 100
2 0.2 mls. ( = 0.2 ng.) 0.8 8645 88
3 Ouls mls, ( = 0k mg.) 0s6 77 77
4 0.6 nis, ( = 0.6 mg.) Ouly 66 65
5 0.8 mis, ( 8 0.8 mg.) 0.2 5245 58
6 1.0mls. (= 1.0 ng.) - 42 49
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equalize volumes in all the tubes, followed by the reagents used in the
Sakaguhi test, in comcentrations il velonsé Sesoriied sndiiow. Toiad
volume in the colorimeter tubes was 5 mls. Percentage transmission was
read half an hour after colour development at 420 my in the Beckman Model
D,U.Spectrophotometer at room temperature. Casein solution was used in this
experiment to get the same opacity as in subsequent experiments when the
action of rennin was tested. Results from duplicate experiments are given
in Table X.

Results:

Percentage tramsmission was plotted against mg arginine added
(Figure 6). Although there was some variation in the percentage transmission
figures, the line Joining the plots was taken as arising from the origin, i.e.
100%, and a straight line was drawn as being a reasonable representation.

Experiment 13:

Release of Phosphorus and expesure of Guanido Groups of Arginine
 during Remnin Astion on Casein.

A 3.45% casein solution (20 mls.) at pH 6.7 was reacted with remnin
(enzyme:substrate = 1287.5) which was added as a solution in 5 mls. of distilled
water. Tubes were set up in duplicate - one for phosphoruz liberation and the
other for arginine exposure studies.

Reaction involving phosphorus studies were stopped, as previously
described in vanadium molybdate, and the colour developed was measured in the
Beckman Model D, U,Spectrophotometer at 420 mu.



A: Phosphorus relesscd

Releese of Phosphorus and Exposure of Guanido Groups of Arginine Guring Remnin Action on Casein

ZARLE X1

C6e7 = 3¢56 casein solution at pil 6.7

Ru = rennin

1h,2,4h,25h = time in hours

Rermin concentrations indicoted have been compensated for salt content.

Dilution % P,0.  Corrected 7,02 mng.Phosphorus moles 'P*
Tube Reaction " 2’5 2’5
oy —— %sglgn ng/100mls. farim ng/Toals. liberated/100g released/100 g
1 C6.7 + 5 mls,dist.mter = 106 4 - - - - %
5 C6:7 + R Sug/th 2 93 0422 Oulil 0e32 20 65 x 107
6 C6.7 + R Sug/oh 2 80 Ouki3 0486 065 21 132 x 1072
7 C6.7 + R Emg/th 2 70 0,60 142 0090 56 180 x 1072
8 06,7 + R Gng/okh 2 60 0.76 1452 144 7 230 x 1072
HOTE:



B: Arginine exposed

TARE XI (continued...)
Release of Phosphorus and Exposurc of Cuanido Groups of Argimine during Rennin Action on Casein

o Reaction !rmziuicn “upmd/'u%%g 'ge:posee\/"u% i:;:a 100g Retip DOles argimine expo:
at 420 my casein casein canein noles *P' velossad
1A=44 06,7 + Smls.ddst.mtor 100 - - -
54 06,7 + R Bug/th 76 CRY 750 120 x 1072 w 65
64 C6,7 + R Bmg/oh 72 0uliB 860 500 x 10 {% 3.8
7 67 + R Gmg/in 68 0,55 980 560 x 1072 50 3l
8a C6.7 + B Bng/2lh & 0,675 1210 700 x 107 700 3.0
94 6.7 + B 8ung/L8h 62 0e65 1160 670 x 107> b
104 C6s7 + 6425 mls, N NaOH . 102 - - -
R 8ag/2th
NOTE:

0647 = 355 casein solution at pil Go7
%' ' remnin
1h,3y4h, 24k = time in howrs.

Remmin concentrations indicated have been compensated for selt content.
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In reactions involving arginime studies, 2 mls, of the reaction
mixture were taken out at the appropriate times (reaction time same as for
phosphorus liberation studies) and pipetted into colorimeter tubes containing
0.5 mls. 1 N NaOH, which stopped remnin action immediately. 1 ml. of distilled
water was added (cf. standard arginine curve, Table X) and this was followed by
the reagents used in the Sakaguchi test. Colour was developed at 5800 and
measured in the Beckman, as described earlier. Percentage transmission figures
were related to the arginine stendard curve and molesz arginine exposed/100 g
casein was calculated. Moles phosphorus liberated/100 g casein have also been

calculated from the standard phosphate curve. Results are shown in Table XI,

Results:

Moles phosphorus released and moles arginine exposed/100 g casein

calculated in Table XI were plotted against time (Figure 7).

Specimen calculations are given below to indicate how the figures

were arrived at.

() Moles 'P' released at 1 hr. {(No, 5 in Table XI).

P205 # released from 0.7 g casein = 0,32 mg.

*  Phosphorus released = 0, 32 xﬁf-z?- (31 and 142) were taken as the
mlecular-weights of phosphorus and P,0g respectively).

" 'P' released mg/100 g casein = —(&; 7 X 0.32x= --?2 = 20 mg.
e @ . 42

° lMoles 'P' released/100 g casein = 3‘13"5)'066 = 0,00065 = 65:10'5m1u/
* e

100 g
casein.
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(31) Moles sed at 1 hr. (Fo in Table XI).

mg. arginine exposed per 0.056 g casein (from standard curve) =Q.41
. ¢ . ©bg. arginine exposed/100 g casein = 0.0 = 730 mg.

moles arginine exposed/100 g casein = L0 0.0042 =
174,000
420 x 10°2/100 g casein

(molecular-weight of arginine taken as 174)
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It would be evident from Teble XI and Figure 7 that exposure
of guanido groups of arginine, due to remnin action on casein, was much
faster then the release of phosphorus. However, the ratio of moles phosphorus
releesed to noles evginine exposed of 1:6.5 at the end of the first howr
increased 40 1 33,0 at the end of 24 howrs, es phosphorus release continued

and srginine exposure steadled.

The peroentage transmission figures for arginine were the
averages of six experiments, aince some vaxiation was observed in the
Salaguchi test results., The percentsage trenamission figures vardied {rom
7u~81, GO=7l, C7=71 and 59-63 for the 1,2, and 24-hour reactions. Experiments
on phosphorus liberation ware not repeated, since figures given in Table XI
were quite comparable to results on phosphorus liberation obtained in Sectiom II.

Very little or no fwrther arginine appeared to be exposed due
to remnin attade after 24 hours (Pigwre 7). I was stated in Section TI that
19% to 175 of the total phosphorus in cesein may be released by remmin sction,
Pifteen parcent is equivalent to 111 mg.BAC0 g casein or 360 x 10™2 moles
P/100 g casein. The ratio of moles srzinine exposed to moles phosphorus
released then becomes elmost 2,0, ellowing for experimental error.

In experiment 13, it was found that at the end of 1 howr over

400 x 10”2 noles sxginine/100 g casein had been exposed at the guanido grow,
due to rennin action. In this experiment, a study was made of the exposure



Arginine Guanido Groups axposed on Cesein in the first howr of Rennin Action
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ZALE XXX

Tube Reaction Trannia% sion st 8 ms m

at 420 my casein casein casein

1 C6e7 + 5 mls.dist.water 100 - - -

2 067 + B 8mg/5 mimtes 95 0,08 146 8 x 1072

3 067 + ' Oug/10 mimtes o 0.45 268 154 x 107

b 06,7 + B 8ug/20 mimutes 67 0022 39 226 x 10

5 C6.7 + B mg/30 mimites 82 0.3t 555 320 x 1072

6 €67 + B 8ag/h5 mimates 78 04375 670 336 x 107

7 06,7 + X 8mg/60 mimites A 0ul5 805 1460 x 107

C6e7 = 3e5° casein solution at I 6.7

l’am:ln

Rernin concentrations indlcoted have been compemsatod fur sslt content.
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of guanido groups during the first hour of rennin action.

The technique was similer to the one described earlier,
Two ml, portlons of the reaction mirture (20 mls. 3.5% casein + 8 mgerennin
in 5 mls, distilled water) were taken out at appropriate intervals and
pipetted into colorimeter tubes comteining 0,5 mls, 1 N NeGH and 1 ml.
distilled water. The colorimeter tubes were then transferred to the 38°C
water bath and the red colour developed with the Sakaguchi reegents.
Percentage tronmmission was read for the samples as described esrlier.
Engyme:subsitrite ratio was 1:87.5. Results are shown in Teble XII.

Zogulls:

Values for moles arginine exposed/|i00 g casein during the
first hour of rervrin action on casein (Table XII) was plotted against time
(Figure 8). Lven during the first hour, the reaction followed first order
kinetics., This wes particularly noticesble of'ter 15-20 minutes recction,
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Section V!

This study on the action of rennin on casein indicated that a
possible 157 to 17% of the total phosphorus in casein was released by rennin
action., Purther, foar every mole of phosphorus released, two moles of arginine
appeared to be exposed on the casein molecule. This exposure appeared to go
at a very much faster rate initially than the release of phosphorus. Thus,
the ratio of phosphorus released to arginine exposed (at the guenido groups)
was of the order of 1316 t01:7 after 1 hr. (Taoble XI, Figure 7). The ultimote
1:2 ratio of phosphorus released to erginine exposed secmed to suggest an
~N-P-N- link on the casein molecule, i.e. two arginine residues linked by

their guonido groups through phosphorus as follows:

‘
=
'
a=g
]
B =
20
=8

There are two possible recsons vidch may explain the low ratio
of 1:6 to 1317 obtained initially,

PFirstly, it is possible for rernin to bresk a «N-E bond on one
side faster than the one on the other side, purely on steric considerstions amd

type of emino acdd residues attached to either arginine residues on the casein
moleculs,

Further, it nay be possible far the Sakaguchi reagents to react
u&mzmmbmmupmmummmm
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is still attached, in addition to reacting with the guanido group exposed
sleouds Ahie IAVEIAL AatI06 oF Tenidn. TP thds ix s ~Nalests wi $199)
on a number of guanidine derivatives indicates that this is not impossible -
the figures quoted for moles arginine exposed in this study have been partly
magnified for the initial stages of rennin action on casein and may partly

explain the very low phosphorus released to arginine exposed ratio of 1:6 to

1:7 at the end of one hour,

Altemtiwly, or possibly concurrently, since the Sakaguchi
reaction has been carried out in alkaline conditions, the alkaline hydrolysis
of the remaining -N-P-link between arginine and the bound phosphate could occur,
releasing the guanido group for detection. In the test, the p-casoin was in a
solution of approximately C.2 N NaCH at 5800 for a short period prior to the
addition of the other reaents for colour development, and it is known that

(86)

the phosphate group in phosphoproteins is labile to 0.25 N NaOH at 38%

and that the -N-P- bond is less stable than a -0-P- bond (101..).

The rise in the ratio of phosphorus released to arginine exposed |
from 1:6 ~ 1:7 to 1:3.0 at the end of 24 hours is them e¢xpluined by rennin's
action of cleaving the second -P=-N- bond, replacing chemical cleavage of the
same bond in the Sakaguchi test, i.,e. the values given for moles arginine
exposed during the initial stages of remnin action are partly due to the enzyme
itself and partly through effects produced in the Sakaguchi reaction, while
the values given for the final stages of remnin action are attributable mainly

to the action of the enzyme.

It should be pointed out that the arginine standard curve was
drawn using arginine monohydrochloride at varying concemtrations, whereas the
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colour developed in P-casein solutions end compared to the standard wes

due to arginine bound to the A -casein molecule, The colour intensity given
by a free arginine molecule need not necessarily be the seme as that given
by an arginine molecule bound to a protein. This point needs clarification.

In mnﬁd:t, therefore, it appears that an «~N-P-N- band is
present in casein; the phosphorus linking two arginine residues through their A
guanido groups. The low ratio of moles phosphorus released to moles crginine
exposed during the initial stages of rennin action may partly be explained by
the charccteristics of the enzyme itself,and partly by either or both of the
pseudo~effects produced in the Sakaguchi reaction discussed above.

The wark of Dyachenko (79} indicated thet the basic groups
exposed by remnin action on casein stem mainly from erginine, and results
from thds study support this view.

It may also be pointed out that no newX~amino end proup hos
been demonstrated on the P-casein orp-A= casein molecales ‘72), ue to remnin
action. Tils would be expected if the phosphorus was attached to gusnido groups
at either emd, o5 suggested in this study. Clesvage of either «P-N-links would
only expose guanido groups and not produce a newX-amino end group.
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