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1. The methe>d of Horisontal Starch-Gel Rleotzophoreaia for 'the •tud¥ 

ot casein and purified enayme• a aatiafaotoril3 developed. Ita 

application to the atua_y of oaee1n and oaae1n h.}rdrol3aates he.a 

been diaouaaed, with particular referenoe ii:> po].Jmlr aeplration 

an:i n0menolature. 

2. The ix,saibility of purified x,mnin existing 1n two polyaerio forms 

baa been shown. 

J. The use of 1nd1genoua starohes (potato and oereal.) did not gi.ve 

promising result a 1n elootrophoresis. 1':>aaible reaaona for the 

failure to obtain a uitable eydiolys d potato ataroh, oompe.ra.ble 

in properties t o th:I imp>rted eydrol.ysed ataroh, have been diaousaed. 

Purified remin appeared to hav phosphatase activity on oaaein, 

the liberation of the orthcpboapblte be1.ng aooomp.nied by U. exposure 

on the c a s ein molec'-lle of arg1111ne 9,1anido groups, givilJ& an ppannt. 

ul:t1nate ratio of m:>lea pboapbol\la released. to Ul)lea arginine upoHcl 

or 1a 2. Rennin 414 mt po••••• Jb:>aphataae aot1Tity on ayntbeti.o 

aubetratea cont.ain1ng an -0-P- bond. 

5. 1'be poaai'bili\y of pboapborua linking two arg1nine na14uea ~ugh 

tba1r guanido az"OIIPa on the oaaein mleol.lle (1.e. an -1t-P-K- bond) 

baa bee diaouaH4. 
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CJIAPrER I 

REVIEW OF LrmRA1'URE Cl{ ST.ARCH-GEL EIEC'l'RQPflORE,SI~ AND 

mt§ Cl! Tl! RELATED ELECl'ROPHQRETIC METHOCS. 

Section I: 

In 81\Y electropharetio method the mobili~ of an ion is directly 

proportional to the net char ge carried by that ion. In a buttered system 

the charge en a protein molecule is dependent on the pll of the fG"Stem am 

the protein type, r .n ,Tell es the eype of buffer used ( 1 ). Butter ions mi;v 

moc11fy the charge on the protein molecule through combination with it and, 

hence, the latter need not neoessarily have the same net oharge in two 

diN'erent butter cyDtems of the same :pl ( 1 , 2 , 19). 

Smithies ( 3) was the first to develop tre method ot Horizontal 

Starch-Gel Eleotrophares1s in his study of bovine blocxl proteins. The raw 

material consinted of a h1gh gx-ade potato starch 'Wbich had beenpartie.JJ3 

eydrolyaed by n 1 :100 concentrated ~o a.aid aoetcme aixture at a 

taperature ot J8.s°c ~or a suitable pre-determined time ( 3,4). Por eadl new 

batch of potato stardl pilot soale experiaents must be run to deteraine the 

optillum ~~ time. Partial }vdro~aia al ihe starch 1a done ev.l.dently 

to recllloe the viooosity of the staroh aolu~cn <37,i.o) to an optill\a level. 

• Unl.eaa otherw1N stated, Starah-Gel. Electi"Opbcrua.1.a Mana ~ 
Starab-Oel Electrophoresis aa per the method at Sld.tbN (3,5,) ae distinct 
froa UNQ'dro~ Starch-Gel. Blectropbareaia in the metbod ot Bernteld and 
Hi•ael.bala (26). 
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Poulik and Smithiea {lt-) atate that"the h3'4rolyaia tims ia baaed on 

tm mechanical properties ot gel, obtained with a }vdrolyaed starch oolr)enire.tion 

of 14 g per 100 ml.a. of a buffer solution''• The butter used oomnonly waa 0.02 to 

O. OJ )( sodium 'b>rate ( 3). 

A suitable quantity of the ~drol.yHd starch was heated in a auapenaion 

in the buffer and the Viaooua 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 aolut ions were applied at the lots in the gel and current applied 

at a suitable voltage. At the end of eleotrophoresia, the gel was slioed and the 

protein zones made visible by staining. Details of the prooeas are given by 

Smithies ( 1 •3), and R>ulik and Smithies (4-) 

Some Modifioations of the thod 

The method originally -worke d out by Smithies (3) waa Horiwntal Starch­

Gel ElectroptX>resis; the process being carried out with the gel tray placed 

horizontal on the buffer coupartments. 'rhe h0rizontal method, h:>wever, auf'fered 

from a process of 'eleotro-deoanta tion', ( 1,S) whioh tended to ooour in the 

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

In Smithies' modified prooedure (5) of Vertioal Starch-Gel 

Eleotrophorea1 a, the negative face of the alota waa made h0r1aontal to grouncl 

level; the taster mov1ng JrOteina, th0ugh oauaing a density gradient, 111>w4 into 

the taoe of the gel, the farce ot gI1Lvity, and eleotropboreaia working 1n thl 

same direotion. 'l'beoretiaelly, therefore, no 'eleotro-deoantation' would be 

expeoted. 

!Rleotro-deoantatton' in Boriaont&l Staroh-Gel Eleotropborea1• w.a 

prevented 1t the ••pl•, under ana]¥aia, was applied in the gel aa a aaturatecl 
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atrip ot tilter pspc,r ( 1 ) or, al tematiffq', the sample's viaooaity waa 

inareaaed by the addit.ian r:I starch grains betare appJ.ying the solution 1n 

the alota (i). Either mathod, 'llhUe recludng greatq or eliminating 

'eleotro-decantati.an • , aid so at the ooat of decreased reaolution ot the 

protein llirtUre ; the ftrat possibly by adsorption ot some proteins on to 

the filter paper itself or through poor contact as a result of the paper' a 

rough 111&"1'aoe, and the seocnl by irregular padd.ng in the gel slots (1 ,5). 

The 8$l~ e.ooc,pted technique in liarizoutal Starch-Gel 

Electrophoresis is to incorparato starch to the extent of 1% in the sample (7), 

although Pert et al. ( 6) mentioned that the octuaJ. quantity of stardl was not 

critical. 

Wake am :Bal dwin(?) used a Horizontal Starch-Gel Electrophoret1o 

app.-,ratus, sim1J or to that ~ Smithies (.3), but to fadlitate slicing, the 

6 mm tr83' aid.ea were aiT.ldod into three 2 mm d-eep parts each - the bottom 2 mm 

section being CMDented to 1he trq, whereas the top two 2 mm seotions \18re 

N!llovable. .All three sections were in position when the starch solution was 

poured into the ._.,. For slic1,)g, eadi ot the top two sections were removed 

in turn. 

Howcrv«r-, the most radical~ troll Smithies' ar1g1nal apparo.tua 

tar Barizontal Starch-Gel E~ab ( ') 1a &le to Cwminghftll an4 

Kasmaaon (a). Baese llOJ'kers have described a pl«dgle• v true, made 1n two 

14entiaal U-aba:pe4 part• whS.cb fit on top ot ead>. other. The U-ehaped h-aae 

_. plaoed in a ~ ~ tubing. J\Y'drolpecl atarab IIOlution 4n a 

butter waa pOl1N.Ci t.u attCJr olaapbg the tal>ing at cme •• Tbe gel eet arCND4 
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the tilter papen plaoo4 at either eat r.l the tubing end these served 

~ as oantacta in the actual electrophoresia. It is cla1me4 by 

the ~ that the apparatus described wa.e aiaple, CXllpared to Smithies• 

apparntua, and prevented evaporation and 1.llldue temperature obangea in the 

gel durlng electI"Opbac-esis. 

The simplicity at their apparatus is aooepted, but the authors did 

not give 8JI' evia.enoe on the aeparo.tion ot proteins 1n this apparatus, and. 

it ia doubttul vJlethor a ma,;jo:r advanoe haa been made on the other probl.Ellls 

mentioned above . i . e . evaporation and temperature ctw.nges. Smithies' 

tedmiqu.e already keeps evaporation to a minimm. Heat conduction may be 

fn.ster perhaps~ the tubing than with the perspex. 

Minor modifications have been suggested in the staining and wa.shine 

For staini.."lg , Sai thies ( 3) 1n his s~ af serum proteins used a 

saturated solution of Am1do Blade 1 OB in methanol. + distilled water + glacial 

acetic acid in the ratio .50:50:10. The same solvent mixtlre (withollt the <\Ve) 

The gel seoticms were held in 

the eye soluticn tor halt a minute. 

Elton end. Ewart ( 9), in their st~ ot careal. proteins, used a one -

ta1mte stain1q; ti.me. Rubinstein et al. (1o), 1n a quantitative •~ ot tbe 

IIMllllNlen.t ~ proteins in Starch-Gel Electrophoresis found that bovine serum 

albatn uptake ii ll tq>tbalene !leak 10B ~e (Allido Black 10B) was the •artaa 

after t«. boura in tm eta1n1,. bath. 
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lt appears that, with ataining, it u imperatiw to keep the gel 

section as long as is practicable in the staining be.th, to allow the eye to 

penetrate through the gel for proper staining of the aepll'a.ted prot ein zones. 

The c oncentration of the dye in the aolvmt doe s not a ppear to be nearly eo 

crit:ioal .s.s the tiim allowed for the ~e to gain access to the protein 2Dnes 

within the gel. 1.hls would be particularly important for detecting the m1mr 

con:q:onents 1n a protein mixture. 

Several workers he.ve attempted t.o modify or a dd to the washing 

prooedure to m&1a, the stained ge l more transplrent for easier detection of 

minor prot ein OOtnJOnents, and for more dependable pbotometric studies of the 

protein :.,ones using transmitted light. 

Thus, v:ake and Baldwin ( 7) inoori:orated glJc e rol t o the extent of 

1 O{o in too v.e. £h1ng solvents. When washing was completed, the gel was 

trnnsferred to a gl ass plate a n d covered over by a fine textured ril tet'- 1--epe-r, 

which had teen soaked in the v,ush1ng solvent . The whole was left to dr,y 

overrri.ght a t room temperature a m:. tlie filte :t'- faper was pee l ed off in water 

nex t d&y. t.n i nvesti &at1c,n showed th.:.t a macked contcaotion and red.uotion in 

the thickness of the gel cccurreci b y thi;; ~ t :,od, wh ich Jid allow the easier 

deteotion o!' minor ocmponents. ae claimed by the authors. GJ..yce rol prevented 

the gel 1"rom ~ ing brittle and, from experieme, gtile 80 treated kept tle:tlble 

for Jli.x mnths a t least, so long ae they were not aubjeoted to a tempera tux-a 

higher than room temperature and were kopt olosed in a box or a f'ile. 

Apart from keeping the gel mist, ~erol had a.mther £'Unction -

that of' imreaaing the trar.iai:arenoy of the gel. Gratzer and. Beo.ven ( 
11

) 

observed that clear gola ooul.d bo obtainod by "matching the r at''raotive index 
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ot the atarch with a liquid 11bidi replaces tbe water in the continuous phase". 

They tried mcrpbolino (~ :: 1.4-55), but th1a was "diaagreeable to work with", 
D 

apart tram pn:,ducl.ng unfavourable ei>tects on 1:he gel texture and protein 

stability. The uce of glycerol (tt2° ::: 1.4,73) -.a more suooesstul. A gel 
D 

atained in Amido Black could be m.ede part1ally transparent by ianteraion :1n 

glycerol ( 11 ) • The gte1ned aDi we.abed gels could also be heated in glycerol { 1 .5) 

to get tha transpl\X'(>.nt. 

Fino ~ ., ~:.o~ozenlco-Z ( 12) claimed. to have obtained a oompletely 

transparent gel by a.ppl.Jring a 1 . ~ soluti on of agar to both a ur.f'aces ot a. thin 

gel. The expo~=- agar surfaoe was then oovered with '\t:atman No. 1 t'iltei-popcr 

tar even dzyine and a.boorption at non--volatile mineral salts. The gel was 

finally dried 1n tm oven at 3-fc far 48 hours. 

Vessellnovitd>. ( 13) bolled a stain€d and waabed gel in 10'/4 acetic 

aaid solution, and claimed to have made the gel clearer and the detet..-tion of 

minor components oo.aier. Thia method was investigated am it certain:cy apf-onroo. 

to c:leer the gel, but it cleared the a1nar protein zones ott th6 gel too, am 

the olsim that these ware more easy to detect certainq waa not substantiated -

not in the case of oaae1n 00111pC1181lta anyway • .Also the gel became brittle and 

diff1oult to handle. 

Saitb1ca (1 ) aenti.cmed that, at'ter the stained gel ,ma waahed 1n the 

U8U8l aetbanol.i-.ter:aaetic ad.A solvent (,50:50i10) , it could be turtber 

del\Ydrated in a 80CCIDd aolwnt oc:nta1ning aore aetbanol., 1. e. (10:30:10). end. 

t-Snel~ ime1"118d in 't>cnql al oobol. Although caaplote ~ waa achieved, 

a maw at 4itticw.ttca ftre al.110 on~ ( 1), J'lalW3, the gel.a beoeme 



- 7 -

brittle, am "'belusyl alcdlol we.a e. powertul sol vent tor llalV' 

laoquers am varnishes generally used 1n electronic equipment". Damage 

to the opt:loal instrument waa, therefore, possible. Groulade et al. (, 4) 

suggested tVl0 possible treataenta to improve on the fragility and. opalescence 

ot gels, which bc,th im'ol.ved tho uae ot an intra red lamp. 

ot tbe mod:ttioati.ons given above, Wake em Baldwin's ( 7) ethod 

aeeeed most &Uita.bl and was ueed. It appeared the simplest and the gels 

kept tar six ontba at le t. 

Fine end Waa~enko-Z' s agar method was not tried, mainly because 

of the time factor involved. other workers ( 1 O) have used this method. 

Segtion II: 

S1.noe the protein zcnes tend to lose sane at their colour over a 

period, workers in this field have attempted to photograph the stained. nnd 

washed gel , as soon ns possible after processing to maintain a. p:,rmanent rec 

Smithie <1 ) suggested the use of a Kodak Microfile 35 mm. film with 

a Wratten A red tilter and 'l.\migsten lap ill1n1Nttion.. He al.so suggested vari<UI 

develOJ.)e3" t011DUles aJ¥i n~ oertain pap,r types tor final enlarpent • 

Weke Nld &14wia (7) uaed a Kodak oontrast Prooess Pan film am a Wra"4m G 

filter. .., 
Alpa ntlez mmaa, u.-.11a Il.t'od Super , 2.5 J. .. s.A. extra ts.ne grain tilm.. 

A red t11tv .. to obtdll a good amrl!r.la.t on tlle pJM,tognl)ba .. 
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TraNlldtted ttqsten lem.p illum.1nntion through a yollow plaatio box we.a waea., 
and the gela ffllJ'C placed an the plastic box and celloteped at the corners. 

Developing am printine wns done by a Palmerst<l'l North photo stu:U.o. ?lo detaili 

ere available, mc:oopt tba.t it llit\s oarrl.ed. rut e.s usual as far oommera:lal 

photographs on ordin."\17 photographic paper. 

Johns ( 16) described a method for obtnining rapid contact prlnto 

o£ stained gols. Honever, the contact prints were not suitable tor Npl'Oduotion. 

Section III: 

Me' pencrlpti<Jl gt Various EJ.sctrgphgretic Methods e.nd thW 
CoopprJ.1!ffi yd.th Starch-Gel Electrophores.ip. 

(i) Rgt:i.nitign of Free-Electrgphgresis om Zone-Electropb:>reo!!: 

dilute solution.a Y,lth t he resultant partial oeporr,ticn only ~ the dii'roi"Cnt 
(, \ 

tractions, e. g . I:OV.1.n.e-iloundary Electrophoresio in the Tiselius apporo.tu::i c. i • 

In Zcme-Electro,pharesis : o. solid material il!I used as a 

supparting rnediUl:l ,-Juch allows the separation of a mixture into distinct zoms. 

Apart from this the wnen mey- be made visible to 1he eye by sta:inine methods, 

e.g. Filter-Paper Electrophoresis, Gelatin, Aear and Stan;m..Gel Electropboroois, 

eto. 

A ft.De aooount 1n the tbear7 and pract1ce ot Kaving-Doundory 

Eleotropboreaiu hos bean given b,y Longsworth <2). 
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The prooeso ls carried out in a U-sbaped channel. ocmtaining a 

butter a.m a low ocmccntration of a protein mixture. On the passage of 

aurrent, the prote:l.ns move in a direation deperderxt on the pH of the system. 

A partial se.para.ti.on at the proteins occurs if ocnvection currents ere 

a.vo1ded,and spealal cpt:\.oe.l methods are used ~ar the re00J."ding of the 

ref'ra.cti.ve index ar its gt"adient along the arm of the u- t.ube, which 

distinguiahea the overlapping boundaries of the partially separated proteins. 

In an;y arm at the U-tube} the lighter solution is al~s above the denser 
( ,., ,.) 

ane at each bollllC1.ar.Y' - ~ at the end of the process, and this stebil.izo.tioo. 

through gravity is aharac~stic of thin i::<.:thod. 

1'he Tiselius epparatus <17) and the related optical scanning 

devices are a oaaplex and cootly outi'it, ana. complete oopa.raticns of a 

protein mixture l".na not been ac:hien,d yet. The apparatua, in i ts most 

modified Version, hr·s not. .solved the problem ~ convection currents wh.1-ch 

tends to oocm- in tile U-tube. 

Recovery at the separated proteins ia a ctlffioult process (2). 

The left arm of the u-tube is open to the atmosphere am it is possible to 

insert a ~pilu-.ry tube attached to a ay.ringe o.nd withdraw the protein 

leyers at the bowdaries indicated by an opti.cal device. The only components 

which can poscibly be tru::en out pure are the fastest COllpOMllta on tba lett 

arm am the al.~ t .L'l the right arm in very mall quantities. atten tbe 

lattM- cannot be obtained pure, due to tbe spreading of tho deecending 

boundaries ( 2). 

Langnanh <2
) ,in his cono.lusion.ipa.intaine that. 1n spite Gt the 

complexiV at tm ~tus and S.ta liaite.ticma, it atul rwa,ns the aildest 

ot procedur"ee fC'lt" analys1ng pfl)tein 11:lxturea and tor prepara.ticn of puntW 

protein.a. Tho process can be c1me at low temperatures and tho proteins c1o mt; , 
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at any atage, oome into contact with a non-aqUeous phase, whioh rm.y give rise 

to irreve.1.'sible cht.nges. 

(iii) J!ilter-Paper Eleotro1?991"eaia 

'.rhe l)l'OOess of Pilter-1.,,o.per Electropb:>resis oocun in moist 

chambers ( 
19 ); the filter-paper (gc-.nerall,,Y ·,·;mtuz.n No.1) being placed 

horizontally within the chaml:er .r.. th its end.a dipi:ed into the buffer oompi.rt­

ments of the el.ectrode vessels. CUr:rent is pa~eed for the desired time ut the 

desired voltage a f'ter a micro-quantit y of sample is applied a t one end. At tre 

end of the process the pa~r strip ia stained and, after v.ashing, the stained 

protein zones are measured by either the elution method (elution o f stained 

zones and measuring optical densi 1v' of the solution), the light reneotion 

metliod, or by direct pmtometry. I!l. the latter rreth:>d, the paper is made 

transplrent by various chemicals ( 19 ) sooh c1.s glycerol, or a mixture of 

paraffin oil, and 0(. -bromonaphthalene,tito. 'J.'he use of these solvents ..as to 

get the r efrootive index of the l iquid JnaSe 1n the paper to appro.ximate t m t 

of the cotton fibres of the pl.per, tbereb.t increa sing t ransparency l 19). 

The technique has rr&r.y rwctifiod versions and descriptions 

( 20) ( 19) of the sin\1l est apparatus to tbo somewhat irore coatly apparatus have 

been given. 

Paper Electropboreaia is a Zone Eleotropb)retio method. Ita 

advantage over Free-IUectrop.boreaie is that the solid zupport medium (1. e. 

fU ter-plper) stabilizes the mi.gm ti.on and the process is not a ffeoted by 

oonveotion due to heat. The eq.u.pmmt is leas ooatly and simpler than in 

Pree-Boun&uy neotroJh)reaia. 

The p100ess, h'7918ver, suf'f'ers from oertain dieadvantagee. 

It ia possible, as in Free-Boundary Electropmresia, tor electroosmosia to 
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occur. The t"1bre surf'aoe ot the paper tends to acquire a nagative cbnrge ( 19) 

w1 th respect to the butter and the latter, being the movine phase end 

positively charged vii th respect to the paper, tends to flow towards the 

cathode and affects migration ot the casponents. 

The ~ a£ c:urrent heats the paper and inareases eyaporat1cn. 

Conaequently, the ionic strength of the butter tems to vary, uhiob will a._,~ 

attect migration (i 9). Evaporation is reduced by using s;; - 1,5'b gl.yoar.tn er 

propylene glycol 1n the buffer <21 ). 

For good 8(..,,a.ration o£ components, it is iltlperative that there 

should be no ' plzysiau sorption' ar 'chemical sorption' on the pe.per ot the 

c:aapc:n,mts <19) . Tho latter detect may be due to impurities in the filter 

paper, ma.inly the a.eh oontent. .Attffllpts to modify the surface of the paper 

to reduce electroosoonis ond adscrption have been made, and Wunderlet, <1 :;) h , ~ 

cited some referC'.ncco o.."ll the subject. 

To quote andorley: ( 1 9) n staining and. the retllOVal of excess eye 

connected with it oonstitutes the most dli'fio.ut stop in the technique or 

Paper Electrophorenis with regard to reproducibili'tiY". The intensity of 

colouration is not proportiooal. to tho concentration of.' the substrate. Also, 

there ia no ev:tdonoe to suggest that two different proteina at the &8118 

concentration would have the aeJll8 oolour inteneiv which makes quantitative 

evaluation clitf'iow. t. 

Wun4arlf.t1 C'>JJOludes 1-t paper el eot:ropho:reala under atan4arcli.ae4 

oonditiona, ond ,:nrtimlar~ with autaaatio tecbn1qu.e, baa ge1ne4 a relJ.e.b:UiV 

~ reprocblat1c:n. Protein zcma can be ae4e vi•ible to the qe by et•1n1ng, and 

eeparatian into &Grete scmea 1• a great adTanbge over pureq 'boundary 

N})aratic:n, ea 1n hee--Do\nler:r El~. However, the IU.fticulty al 
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preparative procedure• at.ill renaina, a1nce the aaapla applied to the paper 

is in veiy amall quantities. 

(iv) Sta.rob-Grain Eleotrophoreaia 

A oomnon prooedl.lre for using varioua granular supporting 

media, like starch grains, 1a to aimply IIBke a hom>geneou paate with a 

buffer and pack it in aemi-oyl.indrloal glaaa troughs or rectangular plaat1o 

boxes <22, 23 ). Eleotropborea1a ia s,,nerall.y horizontal, although a vertical 

arrangement 1s reoonnended for reduoing eleotrooaooais <22 ). After eleotro­

phoreais, the block 1a seE9N11ted at the parts where zonea are present (using 

a filter-paper pressed against the block and stained, as an indi.oator of the 

zones) ( 22 ). The protein rDnea may be eluted by centri.tuga ti.on or mere]J 

letting the starch settle down to give a aupematant liquid containing the 

separated protein. Other methods are mentioned fbr the recovery ( 23 >. 

Advantagt'n of using gnmul.ar starch in blook eleotrophoreaia, 

as &BP,inst ailiaa glass po"'r or a sbestos fibre, is tmt the starch granules ,. 

give a ve r.1 mmo gmeows pa.c, ldng with 11 ttle t endency to 'melt ' when handling { 22 • 23 ) • 

Sharp bands can be applied at the or1.g1n. 

Bloemendal <22 ) sta tes that adsorption ot most p:roteins on 

starah is very small, but other workers { 1 • 2.}) have oontraating opinions. The 

elution o f proteins from atarch aegments ia ea.aier than from gel.a tin or agar-gel, 

an important factor for prepant1ve purpoaea. 

Some di.a&dTBntagea are that electrooamoais, tbough lower than 

in moat supporting media { 24-), llJlq .Ull oauae poor aepara tion in this teohnique ( 22
). 

Wblle the method 'WOrlta well for larg r abed prote1na, t.hoae below }0,000 1n 

mcleoulal"-Weigbt do not migrate trNly - poaaibly through entranoe of tbeae 
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Bllaller mcl.eaules into tiMt nollm atarch gr,anulea <2:s). Purth!srmare, 

n a.all e11ounta of soluble ~to, pbosphal:-us ccapounda, ~ 

positive aateriala 813d ultra-violet absorbing substances cauae dU'tioulty 

ia analyaina the isolated tractions". <23) Di.ftiowtieo encountered with 

spec1.tic proteins have been eruaerated by Kunkel end Traut.man (23). 

(v) 

The todmique waa crlglnalq described by Gcrdm 8Dd his 

oo-wmir.:ers ( 2.5).. .About 2% to ]1' agar~ be usecl (7,23) in a buffer to i'arm 

the gel. The eel m;q be prepared on lllicroaoapic slides <23) or on plates 

18 CD X 6 al <27) • 

cut sections or the gels a.re stainable, es in the case of 

Filter-Paper Eloctropboresia. There appears to be Utile adso11>tion or the 

proteins in the path o'£ migration (23,27) , but adsorptioo occurs in the olit 

where the sample i s c1p:plied. The technique appear s relatively simple. 

HOl'lffer, there are scvcrnl disaclvantages. 

Agar is itselt an electrolyte <26) and is liable to tom 

complues with proteins. Its we is, therefore, limited to those proted.ns 

which will not intero.ot with it. 

~ i.a strongly- aeidic, due to the presence of an ethereal 

sulphate taz- ea.ch gru.aot,ane m:d.t <23), an4 gives r1ae to cansidenible 

•leotl'OOllaoU.0 bill "10Pi Preparatl..-. work ia cU.f'ficult a1Doo tracea or 

~te and otber mbtrtanoee pend.at toUmd.ng :18olatlon ot r.onea tr.. 

agaz--gel (7, 23) • 



- 14 -

been e,t.ven. In this aect1an 1he advantages and disadvantages at the method 

-d.ll be diacussed and oompar1aona made with other electropharetic methoo.s. 

Starm-Gol Electropboreaia, m1cil has~ starch as 

t.he aupporting medium, baa the advantage of zone detection by si:a1nSng 

methods cbaracterristic ot Filter-Paper Electrapboreaia, am does not sutter 

f'rom the serious adsorption detects at Starch-Grain of Filter-PaperE.leotro­

phoreais. It retains the advantage ot Ag8.2'-Ge'l am Starch-Grain~ 

phoreaia in the npplicati.cn af the sample ns a narrow 1n1 t1al zone ( 1 ) o.nd 

the separated zones eh.ow little distortion ( 1 •3•27). Like Agar-Gel 

Electropboreais: 1.t is adaptable to talte smaJ.1 quru:rtities or sample, but 

appears to give bett er rooolutim than oey other method. 

Thin sections far staining are possible in Starch-Gel 

Electrophai-esis ( 3), as against Agar-Gel Electrophoresis ani Starch-Crain 

Eleatrophorcsis. 

There seems to be very little eleotroosmosis in Starc:n-Gel 

Electrophm-esis ( 9, 26) compared. to the other methods, poasibl;y due to the 

greater mecbam.cal hindrenoo in the gela. Smithies <1 , 3)reported, however , 

the oaotio t1aw at serum Y globulins, part:1.c:w.a.rl-7 1n Horizmtal Storch-Gel. 

Eleotropbareaie. 

1'he greatest edYentage of the Stardl-Gel Electropboret1.o 

aet.boa, lA01iWV111", liea in ita ab11J.\y to aeparate proteins on their 111oleculor 

.S... mil abape, in addition to the cUttermtial charge on them (1 ,.;, 9) . In 
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thia it surpa•aea even Agar-Gel l:Ueotropboreaia. A 1~ agar, tor example, b 

said to have a tree apace al.moat eq\al to tlat ot free aolution (2B). In the 

ataMh-gel, tbe pore aize may approach the moleoular aiae ot aome proteina 

which are offered greater reaiatanoe to 1110Vement. Smithies ( 1 ) gives 

experimental evidenoe to ahow that the "atarob-gel DDbili ties of proteins are 

1n the inverse order of their zwleoul.a.r sizes, despite the t"aot that on Filter­

Pal.per Eleotropboreais they bad appraxi.Dately t.be same mb:1.lity at a a,.imiJar pH''. 

In Moving-Bounda.1)' Eleotxophoresia, Filter-Paper Eleotrophoresia, Starch-Grain 

Electrophoresis and Agar-Gel Eleotrophoreaia, .. the greater frictional 

retardation of the larger siz.od. proteins is ocepenaated for by a greater net 

ohe.rge" . Thia compensation does mt work 1n Starch-Gel Eleotrophoresis, dlle 

to its own characteriatic .hindraJ'JJe to the proteins. 

Thi.a hindrance could, however, be a disadvantage too. Some 

prota1.ns a-re tmp;,ed in the slot itself and &:> mt enter the min gel blook( 9, 23 )_ 

This could be <ile to adsorption in the slot as 1n Agar-Gel Electrophoresis or 

due 1D e:xoessi.ve hindrame of the Starch-Gel, as my be the oase with certain 

macro-globulin a ( 23 ). 

The properi;y of Starch-Gel Electrophoresis of auperimpeaing 

resolution by moleoula.r a1zea on reaolution by free aolution m::>bllity introduoea 

another kind ot dangltr llhioh dDea mt appear to haw been aolved yet. · Fr&nglen 

and Goaaelin (29 ), working with the eve bro1100w110ol pen, maa. the rather 

ata.rtling cliaoovery tbat Starch-Gel Eleotropboreaia aepan.ted mt only 41•tinotly 

ditt'erent aubatamea, wt alao metastable pol.JMra of a mno•r, i.e. aeparation 

into ditferent oomponenta waa no 4-.matr&tion of beterogane1ty by 1tNlt. The 

DUll8roua reporta C,o) on the betem~ne1ty ot bullan and bovine Ml"\a proteina, 
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and of milk proteina ( 7), enaymea and honaonea, aa baaed on Starch-Gel 

lleotrophoreai• 1111st, there~re, be accepted with naerve until this point 

ia olarin.e4. 

Other diffiDultiea pertinent to the other •thods remain with 

Staroh-Gol Blectiophoreaia, althoue-).l pemapa to a lesser extent. 'l'hua, 1n 

the pootometl-:.c t..-valuation of' the atained gela, less tl")uble, due to opacity, 

ia encountered with ae,.r and atarah-gela than with stained filter-pa.per, but 

the tiouble 1s by no means very JmJOh leaa, aa will be appreciated from tht 

dieousaion on modit'l.oationa of the washing pr00edure in Starch-Gel nectro­

phores1a earlier on. 

Furthemore, there a.xv ditfermcea in the qye binding oapaoity 

of different proteina and with stained filter-paper, agar and starch-gel 

pe.ttema, Beer's law is not f'ollowed with regard to oon:,entrat:ion and colour 

intensity (7, 9 ). 

Staroh-gela alao suffer from there being a oortai.n SDl)unt of' 

ba0 kground plO tein present in the ate.rob ori,g1.nal~. Cordon' a ..ork U 1 
) 

indicates the.t the l:8okground protein in a starch- gel oould well be abca.lt 5% 

of the cax,entraUon of' thlt in the heaviest band in a 091 pattern. It ia 

easily possible, therefore, that 1n a stud-,' of any protein by Starch-Gel 

BleotroJiloreaia, a llin:>r component could be m1Hed, even ua1.ng speotrophoto­

metr.l.o methD4a of aoamung, aime the optical density of an area of S§ll, 

oontaudng D:> bands, wou.ld mt be very uuoh lowr than one oonta1n1ng a weak 

bam(9). 

The aethod baa not •1gnit1oantly aolwd the proble• ot preparatt.w 

110rk wuch •• eY.ldent in the other aetboda. Saitlwta ( 
1 

) brietly diaouaNa 

tour atboda by wbioh the aepazated protm.na •.Y be r ... wred. trom the gel, 

naael,y: 
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(1) Pieces at gel could be maoerated with a buff'e:r solutica. 

(Dffl'icu.ltin: Incaaplete reGJ'lery, psrt1cularl1' nth large 

moleauler-weight proteins, dilution of proteins). 

{11) Gel frozen, thawed and liquid cm.trl.£\Jged, or aumed, or 

aqua zed out ot the sponge like gel~ 

(Di.ffioUlties: Pieces of gel may get into the sample . m'ld 

irreversible adsorption of the proteina to the frozen 

prea:lpitated starch is poseible) . 

( iii) P~ of proteins by a secxmd electraphoreais ( :,t '32 ) .. 

(Dil'f'iaulties: Proteins diluted. and method OWllbereo ~ 

many f :r-actiooa have to be isolated but reoovery can be 

al.moot complete ( 1 ,31) ). 

(iv) A oollection slat made 5 an from the sample slot in the 

gel. .A verticle flow of butter so.lution ( 1 ml/hr. ) across 

the mllection slot enables proteins to be oolleoted ao theJ" 

readl the latter. 

(Difficul ti.ea: Sane diluti on , but lE.-ss than other methods. 

Not alwa.va leak-l'ree {at'. El ton ani h'wa:ri (.39)) • 

• 
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Ogpatructicn af t.be Hcr;L;on~al Wl¼ V~ Starch-C'-.el 

El~ Apparatus and S(Jl!.q_,U<xlitico._:tigas in the 
PJ:gccos. 

The dcaign run aot-up of both oppnr::i.tw:; .rol.lcmcd booicalJv, Smithico• 

description ( 3, .5) with r,CGe minor modi.N.c .-ci~1:·. :i:•.~ "!i'lC notool process, ;'Jcttnx 

cloth wo.o used !' or contccto between the r,cl m .. t.i': .c..-..1 : ·.n,l tho buffer oomport.i!lmt 

of tho electrcxio vossclo at either em., in::;·~c: er.::· 1':1.l'tcr- po.per1 since ,ict'ta.t 

cloth o,·fera loss rocl.et3ll08 to the currcm thn.n d.o.m the f'ilter-popor (.33) . i'he 

slicin(' tcchnitJ.tr:) follo;-rod Wn.El that of Wake on..1. J",olr.l\'rln (?) , but the cuttinc UO'V"lOO 

\'l'.J.8 o. piece of no. 33 eouee resistonoe wire (diru:ldcr 0. 25 mm.), insterui ot tJ1e 

No. 26 wire(?) . since thio :facilito.tod Glia:Lne. 

The ri!.o'ts in the gel, oonta1nine tho oon,ple, wore covered by l1Ull1 

pliofilm strips, anl petroleum .1elq at 4:f'c \7c.o 1,ourod over the atrlpl. Tho 

rest at the gal l!Ul'fo.oe (oxoept the partiano ocwm:ed by the Wettex cloth contocto) 

waa aovm'ed by a sheet at pl1atila to reduce ovnporni:1.on. In the vertical mothacl, 

however, the mole ot the gel surface wna oovorecl '111h petroleum Jel.q (S) om a 

plastic lJ4 •ea appl1od t.d.th the help ~ ol.o.at!o t>onaa. 
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B D E 

A, platinum electrode; 

B, l:orate buffer (pH 8.6) in electrode compartment; 

C, Wett ex cloth bridges soaked 1n borate blf'fer; 

D, couq:a rtmnt oontaining borate 't:uffer {pH 8.6); 

E, urea starch-gel contained in perspu tray; 

F, position of sample inaertU>n; 

G, pliotilm seal to prevent lou ot wat r during eleatropmr.aia. 

(aee SMITHim, o. ( 1955) : Bioomm.J. il. a 629. 

WAKE, R.G. and BAIJ»lN, R.L. ( 1961) : B1oob1m.Biophya.Aota, ,U : 22~). 
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It waa round neoeasary to appl.J' either a thin polythene strip or 

a layer of petroleum jelly on the gel aides in the horizontal metlx>d, dl.lrl.ng 

eleotropboreaia, to prevent undue ew.poratlon and shrinkage. The bottom of 

the trays were &lightly roughened by aand paper so that the gel oould haw a 

ti.rm contact with the tiv bottom, which facilitated the alioing teohnique. 

Usually three runs wero made with any one lot of butfor solution(JJ) 

in the ctlec::trode vessels, ea.oh t1m0 the polarity of tbo oleotrodos were obnngod 

to roduoe tho aooumulation of products resulting from lzydrolyais of the buffer 

aolutiorui. The gel formula employed was that of Wake and Bal.dun ( 7) who uaed 

a discontinuous bui"fer system, as described by Poulik (54-) tor better resolution 

of the protein fl:>nes. 

Gels were stained in a saturated solution or Naptllalene Black 10B 

in methanol:water:acetin ncid (50: 50: 10) for 5 minutes. Tha stained gels were 

then washed in meth.anol:water:glaoial acetic acid (50:50:10) containing 10',4 v/v 

glycerol ( 7). 

The washing aolvent ,,.<"As deoolourised by passing through a ma.as of 

activnted charcoal contained in a 1-litre Bu6hner flask; the colourless solvent 

ooming out of the top after pa.ssing t.hrcugb a ootton filter oontained in a 

plastic tl.lbe placed juat under thri rubber cork. 'lhe prlooiple of deoclouriaing 

was propoZJed by :?ort et al. ( 6). A syringe, worked by lever ~tion, acted as 

the pump, diaoba.rgil'.lg 80mls/Illi.nLlte of the colourless oolvent. 

The procedure adopted•• to sbtJte the atai.n8d gel for fitt.een 

minutes 1n the w.ahing aolvent 1n a reaiprooaU,ng ahaker and to d1aoolour1ao 

the aolvent 1n the deoolo~ e.pparatua betbre putting back into tho shaker. 



- 21 -

In the early atagea of washing, fifteen mimtea was allowed 1n the shaker to 

reDDve the exoe e stain. In aubsequent waahea this waa inoreased to 1-1½ 

hours. ashing wae oontinued till the apace between the parallel adjacent 

protein zone , arising from adjacent slots, became distinctly olea.r. 'lhia 

method was tound to be better than attempting to staniardize the time of 

washing, si.noe the elution of excess dye from the gel appeared to taks a 

variable anx:>unt of time. Approximate washing time waa 6-8 hours. 

Oae of the deoolouria1ng apparatus proved wry eoonomiaal, since 

a. solvent oould be used inde:f'i.nitely. It waa possible to use a Buchner funnel 

oontaining activated cba.rooal on Whatme.n No. 42 tllter-paper, and connecting 

the fiask to a water pump. The procedure was mu.oh q.u.oker than using the 

syringe pump. However, the composition of the washing solvent would have 

altered throueJ'l application of a vacuum, and in time a new batch of solvent 

would have been necessary. 

B. Prepaption of Aoid Casein 

The method followed was l:asicall.y due to Hipp et al. ( 35) and 

Wake and Baldwin ( 7). 

Five gallons of freshly se?,rated bovine skim-milk from a bulk 

milk supply •• obtained from tb!I lle.1.ry Research Institute (N.Z.) dairy f'.10tory. 

The pi as 6. 7. The akim-milk -.a wamod to about 30°c and the precipitation 

was done at pi 4. 5 in 6 gallon plaat1o containers, using approx1.mately 1 N Ha 

( two eu.bs quent repreoipitationa were done t pH 4,.6). 

The preoipitate wa aeparated trom the whey (and aibae<1,1entJ.y from 

the aah -.t r) by mee.na ot a olothea apln drier, Qain,g oloae ah d ootton 

t"Uter bags. aahiDg waa done in the aame maohine. The f1rat precipitate we.a washed 
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five times vd. th distilled mter. It was di!lr:~lvod in d.S.GtUlcd water at pH e.o, 
using appro:d.matel,y 1u lioCll tar pl a.dju~. T'.oo ooconi precipitate uas washed 

three times , and the third five times with dist:Ulod ,?ater. 

The pH m.:i.s not allowed to go over o.o or below 4.5, and due core 

was taken vhan add.ine tho aJlmli and add to prevmt loCD.l exoesso 

The ~t oase:1.n was frozen at · 30°c in a deep freeze overnight and 

freeze-dried until it wn.3 noticeabl.v pc,;«lcry Yrlt l-:. no llD.l"d lumps. Final weight 

ot casein obtained i'r oc .5 gallons of bovine ,\isin--uill.: equalled 4.54. grns. 

J.nalysis in:l:Lcntcd. that moisture oon'oont equalled 1. 9}~, and uah 

content equalled ~ . 

C. PregaratiOll of Potato Sj:E9:ll 

Potatoes oupplied by MroII. WcnhruJ of !tnooay Univcroity Colleee ffl3l'O 

groim locally. 

The cxtrc.ct:ton of atorch vmn eori.c 1.y -:J."!t) r.1cthod of Schoen (36). 

The sto.rdl ~-:as then defatto::!. by ,: i,L'XC".J...r:.~c de,:scribec;. by Schoch (.36 ), 

al~1 potat.o starch does not eem to be a.coocintod \i.1.tb fatty o.oids ns do 

starches or oerea1 ~ (YI) . 

(1) Vl 1 • llaize Oomflour 

lable. 
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(11) Beaker's Wheaten Oomf'lour wo.s obtained at Palmerstai 

lfort h . Kjeldahl determin..'ltian indicated about o.~ protein. 

No details of processing are avnilable. 

(iii) Thin Boiling Wheat Starch was obto.ined from Stardl Prodoots 

Limited, Christchurch. This was an acid J\ydrolysed product, 

but again details of processing are lnddng. 

EXPERIMENT.AL JJm RESULTS 

The Use of Indisenous Sta;yhes a!;!,,_D.11 Alternative to Imparted 

llvdrol.ysed. Starch in Starch-Gel Electrgpbpre,s;s. 

The attempt to use indigenous stardles f or the eleotrophoretic 

process was based on eoonomioal grounw.. Smithies <1 , 3) :reCO!lllllend.ed. the use 

of cydrolysed starch prepared by Connought Mediccl. Lnborn.torics, Canada. This 

starch had to be specialJ.y imported. On th.e othc.:." h,nd, a free s upply at 

potatoes was made avail oble loca.ll,y, f'rom which sta_"'d1 vro.s extracted, azn the 

cereal fl.curs obto.ined l ocn.lly were relatively nucl1 cliceper oomparea. with the 

imported ey-drolysed. otorch. 

Pota-t» Stfl:F!a 

The defattea starch, described in the pre'V'ious seotion, was 

eydroqaed by a mixture ot acetOM:oonoentrated l\Ydro0hlode acid (100.1) at 

a temperature of 38.s°o. The ax:periment was first OODduoted en a pilot scale 

to find the opt1mm ~a tilae ~ar this pe.rticular batdl ot atarch., a.a 
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suggested by Poullk and Smithies (4). Samples containing appraximate~ 10g 

starch were wJ.thdrawn at :interval.a of }O. 4-5. 60q 75 o.nd 90 minutes; the 

reaction being stopped immecliatezy with mol.or r.oditD o.oetate solution. The 

the Department o£ Scientific and Industrial ~lc,·Q[.;..:~ch f or d.etormining the optimurl 

l\Ydrolysis time. Dr. t1ouato.fa's IIorizontd. C-01 :aootropbaretio Apparatus enabled 

a oomparison to be aadc af the starch sampleo sent to him~ t<.d.th the i.mported 

1~ stard.l unier si.m:Jlar oonditions ot~ oloctropboresis of serum 1rotoins:, 

since the troy could be subdivided into parts to rcooive diff'e:rent gel types. 

Based on his report, a l\Yt1,rolys!s time of 1tD ru.nuten •,-m.s chosen as being optilln.E, 

and the bulk starch vns l\Ydrel,ysed. far tl-u,:t1 tir.c r-•t 33o5°C. 

with the modi:f1ed stard:1. It wus disoaveri:,.:, , h.oH<.,"VO:.·, fuat this stardl \vould 

not give e. film gel at the same conaentrutian nn UDOl by Wake and nold,·dn ( 7) 

using the imp<;:n-ted stard'l. It v101.u.d form u uook t_;ol ut th.i.o concentration if 

urea instead af 7-! , but in a. 711 m-ea. gel, u:t J.l;i:mt, sa,·~ more starch had to be 

inoorporated to ootz.6.:l Lt f':lrm gel. Generall;r D. oe21oom.rati,-,n of apprn,cimatacy 

13. 4$ W /w ot s't:'U'di i n the tinal gel mixtu.r.c wna ooo:r..)f~, oompared to 

q>prex111ately 9. 3-z$ w/w specified by Wake anC. Dw.&-rin (7) for the imparted etardl. 

~ experiments Yd.th the loca1 starm proved a failure. 

Wake am Ba1dwt.n (7) hl.:d re;orted 17-20 ocq,onmts :ln -....~,.,... st~ ma. oaaednJ but 
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tJauall.y migration -.a poor, there would be oonaiderable t&Uing, and the gel 

atrwture did not appear to be oonduoive to the alioing teohniq.ie employed. 

Diaowsaion 

There are several posuble reaaona for the failure to obto.in a 

aatiafaotocy hydrolysed ataroh oomp:,.rable to the imported starch. 

Smithies (3) stated that potato atarches from different 

manufaoturera varied in their properties (of. Pert et al. (
6

) ). Some were 

wt sa.tiafaot.oey for serum eleotrophoreaia and others required different 

hydrolysis times. It was p,saible to reim>ve amall di:fferenoea in eleotro­

phoretio behaviour between different starch batches b,y var,ying the starch 

and/or buffer oonoentrations (J). It now seems obvious that a better approach 

would have been to obtain potatoes of different varieties and, permps, from 

different looalitiea to elLDidate the best type for electrophoresis , instead 

of obtaining them fiom only one source and a ttempting to equate this staroh 

with the imported eta~h, trusting 1110re or leas to chance. 

The temperature of hydrolysis needed to be strictly oontrolled, 

sime the tempemture ooet'fioient for cydrolyaie wae higb. (3). Pert et al. ( 
6

) 

stated that n temperature variame of 0.2°c vas approximately equivalent to a 

5-minute ohallge in hydrolysis time. While the same tharmmeter and temperature 

uni.t was employed for both pilot aoale and bulk starch .IJ¥cb:ol.yais, one oannot 

guarantee that a. variation of 0.2°0 or m>ro did not ocour. An ovoreydrolyMd 

ataroh givea a. weak gel and 1a ditnoult to lmldle (4,6 
). Thi inoreaaed 

oon:,entration ot local eta.rob neoeaaary to give a gel of the aame meoban1oal 

atrength, u that of the imported ataroh, in41oated tti.at ove~ly•ia ba4 

occurred, and the greater opea1ty of tbe local ata.Nh-gel JJJ&y be expla.ined by 

t.he hipr oonoentra tion of ataroh \ltil.i&ed. 
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Most el.ectrol,ytes tend to weaken the n..<1nociative forces between 

tlle etordl mioollae ( 37), possib~ thro\l6h broci.lti.nc 'zydrogen bands. The 

presence of ions like calcium and magneoium \:oul..1~ thcref'are, week.en e. eel 

structure. This probl.Ell!l should mt hove arisen s:lnoc distilled ter ml& 

used throughout tho starch making process. IIor,evor, during part of t.be 

ste.rch making process a:>me of the potatoes hrul to be loft soe.king overn.idlt 

in artesian bore \'Ta.tar., The potassium sto.roh of potato, known far its cnticn 

~e propert:les ( 37), mey hnve exchansod. scoo d its potassium ions for 

either l\vtlrOgen er colcim/ma.gnesim ions .. ln oithor case , the gel ootained 

even~ from such o. starch would be wer.kcr then 1.~ :mre potassium ntarcb. o£ 

potato (37) .. 

The pilot oomples, after the rcqui!'Od. lw':rolysie times were taken 

cut ot a sinelc tl.o.3k ofter due Bhald.ng. In tho lwccrolysis of the bulk stardl 

it was attempted to keep s:iru.J.ar conditiono V'J ah .. '"lld.Jle nt the oppropriate t:boo 

intervals. Th:1.s !'uctor r1n.s mt aritically undarn'tood n.t the time ~ the process, 

on:1 it m.11 be appnront that the conditions lil~· not bo.ve been S'Jmj lor to that o£ 

the pilot scnlo experiments. Overt\Vd,rolysia oould lu:.ve resulted due to aver­

ehald.ns, g1 vine a. i'recr o.ooess to the r:.cid to n t-tc.clc the starch granules. In 

the pilot scale experiment, the appropriate o.oomt or otardl should have been 

eydro~d 1n ditterent t1asks w1 thout f'urthor abnld.ng. 'l'he question 

OISt samples froa a sing1 fiaak TKA114 not then have arisen. 

Purtbermore, it mwrt be tatecl t.bat at t.be Uae the local otaftt1 

beS.llg tried 1n the oleotropbo.tet.1.o prooes , wS.tballl much moeeaa, event 
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1mparted starob-gel was giving tar tl'Om prom1a:lng results, coapered to the.~ 

at Wake aJ'ld Baldtrln ( ?) ~ booe.use the techn1quo hod not been warked out ~ . 

Consequently, the £'ai1ure to obtain good patterns with the local etarch mey­

have bean ~ed to ome extent. 

Summing up, the main reasons far the tnilure to produce ~lysed 

potato starch or oomparo.ble properties t.o imported o·corch oppear to lie in the 

lack of adeqwte control in scme at the c::ritiool O..O-.i.)Ccte ot the starch 

~l.ys:l.ng process and the unknom properties or the starch itself. If the 

experiment wns to be repeated better success T10ul.d ~ be acnieved. 

However, the starch shoulc1 not be obtained 1'rom OJ'(Y onnufacturer since 

manufo.cturing 3l'd stcruea details or either the potnt.oos or the starch are 

generaJ.13 unknol'm ( 37). 

Poto.to st."l.I'Oh from the British Drue ::ounce Limited h: . .n been used 

tor the preparo.tion of lzydrolysed starch ( 3) r.n{ cou.ld be used os a eouroe. 

n. 

(i) Beaker's Ylbee.ton C9Jllifl2Er 

Thia flour, most of which \10.S prewmod to be otarch, mu> 

\'' 
tried at cx,noontruti.ons bet\men 6.07, , and 12. 44 '/w in the final. eel mixturo, 

using the same basic fomula given by Wake om Baldtdn ( 7). 

The gela.tinisaticn point nppoored to be between 67°C - 7rPc. 

The stardl solution obtained was extrene~ vincouo. '.i.'ht gels, 11bich tormm 

on 000~, were opaque m direct contrast to the crystal clear urea gels 

obta1necl with 1mparted starch and showed extreo" • ,.,.t;,icklnesa' . Whal iJie etardl 

concentration was increasecl ~ 6. 071, w /W to 12. 411> fl fe it inclreaaed the 

rigi.dity, but it also tended to inareaae the artldd.D3sa, and this tactcr made 

the gels vezy clittioult to bandle. 
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'the Wheaten Camfl.our was def'atted (.36) ,Tith methanol end 

eyarolysed (4-) as desaribed tar potato stardi. Th.it, ffllG to eee whether 

the above treatment v-".>Uld make possil>le its use in eleatropbaresis by 

removing the de:fects mentioned earlier. The lzydro]3oia times used ra.nged 

from 15 minutes t.o 75 minutes. The gelling properties of the final procmot 

were canpared to those of the imparted starch, using 4,.8 U und 7. 0 M urea 

in the gel cxnposition. 

/w expected, the viscosity or the otardt oolutioos decreased 

vt.l th inorens:ing J::tvdrolysio times. However the c cl:J ~,are ooly slightly 

less opaque than men untreated fl.our wns used. 

lcyarolysis o.t 15 Md 30 minutes did not appreciably reduce the 

sticld.ncss in the f-lnal gels, but at 60 on1 75 m1nutes there vias a noticeable 

reducti on in sticki.Moo.. The iZJtprovement, hcxrovcr, vna not great e'llOUf'P to 

justify i'urther studieo. 

It wns stntod eurlier that tl10 pro'.;cin cr:incentrotion, based on 

the Kjeldahl determirulti on was about 0. 9,~ in thc: ~ t en Corn:f'lour. It vro.s 

thought that the stickiness observed in the gals mcy- be due to the \meat 

proteins. The reduoad otickiness in the eels ut (:J:>..75 minute l\vdro}ysia 

times ia possibly due to dene.turation and aggrogntian af part at the protein 

and its removal at washing. 

(11) Winson's l@ip Qomf'1cs 

.An experiment on the untreated flam- was coaduated on 

sfm1ler lines to that on untreated Beaker's Wheaten Co:rnt'laur. 

1'he gclotinisaticn point 0.ppoorocl to be between 10°0 OJJd 

Tf'c. The stard1 soluti on was very vtscouo tlnd the gel obt•dnetl en oooltng 



- 29 -

wa.a op.que an4 granular 1n texture. Sticld.neaa waa again present, l:ut to a 

leaaer extent than in tha Whee.ten Cornflour, alth>ugh the prot.ein oontent was 

hipr ( 1.-'1' &BJt.inst o.,51%). It -waa tel t that these prelimimry observation. 

did not juatify further treatment, namely, defatting and hydrolysis, aa in the 

case of the Wheaten Comtl.our. 

(iii) Thin Boiling Whe,at Starch 

Thi.a waa an a.oid l\Ydrolyaed product, but det&ila of 

processing and hydrolysis are lacking. 

When the starch sunponaion was heated, the solution did not 

attain o.s high a viscosity at the gclr.tinieation point, ws was observed with the 

other oel"'Cal and }X)tato starches. Thia was indicative of overhyurol.yB1a of the 

starch as f&.r n& electrophoresis was ocncerned and this JX)int was ooofirmed by 

the fa.ct thftt the gel, on aett1ng, arowd less mechan1oal rl.gidity. 

Ele0tropl¥>res1.a -.s attempted, and although the gel set at a ata:roh oonoentre.tion, 

as used in the Wake and Baldwin fonnula ( 7), &nd the casein sept.rated into five 

or six bands, ta, picture was a diff'uaed one. The gel itself ,, as m:>re opaque 

than the one made with imp>rted starch and the gel seotiona, stained as usual, 

srowed a lot of l:aokground blue whioh was diffioult to 1'9.l!ove. 

At thia stage, eleotrophoret1o p.ttems obtained w-.ith the 

imported potato atal:llh gels were ooq,e.rable to Waka and Be.ldwin' e pattema ( 7), 

eime the tecbD1.que had been properly worked out by now. ll'ail\ll'e to obtain a 

good pe.ttem with the thin boiliD& ata.roh reflected ta.ults 1n the ataroh (eee 

diacuaaion below) am it waa oons1dered advisable not to prooeed with 

/experimenting with 1:he indigenciua atarohea, wt to uee imported ~l.Y••d 

potato ataroh tor 1\irther experilaenta. 
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The failure to adapt oereal sterdlcs :roi-. Otarch-Gel Electro­

phoresis ~ be due to their fundamontal cli:fferences f'rom potato starch in 

chemical and pl\ysical. properties. The we:, thooo properties mey aft' eot the 

suitability far electrophoreais is , however, 11ot clear. The aituaticm 1s 

f'Urther complicated by the f'aot that even in poto.to otarabes wide differences 

mq be fc:,mi in their suitability far olectropbaroais (.:3), depending on the 

source of poto.toos. 

Hafstec and ~illigan ( 37) have pointed. out sane differences 

between potato run oercu.1 starches and theoc t.l'O br-lcfl.y descrlbed belOVlo 

(a ) Potato oterdi oonta.ins no fatty nci..:.. Corn, meo.t run rice 

starches cxmtoin c. sz..~ 0 • .50 am 0. 59;; fa.tty ncliis rcspoc:t:Lvely. A de-

i'atting pro~ure reduced it to 0. 12;~, 0. 03;,~, 0.0;1;. Further reduction apf""f"f"My 

wno not possil>lc. Schoch ond Elder (4,,) point out that the "linoor fraction 

in atnrch forma inool:.ml e CClllplexes wit.."1 oey pol..<u' organic substnnce of tho 

nature R-OI R-cc>ai. , etc., llJld these complcxoo 0..'1.une a loss o:f' gel strength" . 

The increased. opacrl ty in cereal starch- cclc nny he attributable to the 

residual fatty acls:1n. This may also elq_)lo.in tho f-ragt.li'tq of the cereal 

starch-gels obtainod in the experiments. 

(b) The pboapl'¥rus at potato starch appears to bo aa e. mcnoe ter ana 
i8 not a-tractable, but a methanol tree. ent groo:~ reduce the phosphorus 

oontent ot cereal starcbe . 
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(c) GelatWsa:tian t.perature tor potato stardl is about 61 • .5°c •• 

as against 65. 0°c, 68.s°c am. 75°c far cam, v.heat and rioe starch. 

The heat cl gelatinisat1on of potato stardl is also mudl higher 

than cereal starches. 

(d) The average size ot the starch-groin of potatoes is 35-t( , compared 

to 16, 13 and. 4 tor cam, wheat and rios atarch. 

It :ls not clear how the above properties affect the suitabilii;y' of 

a certain starch for electrophoxesis. Except for {a ) , the others may or mf,\}' not 

play a part. I t is possible t.hat the a.mylose to amylopeotin ratio me_y be 

impartant since it i i!. the amylose or straight chain component of starch "i'.hiah 

retrogz:ades and g:l.vcs the gelling properties (37, 4o). The di.ffe.renocs int.ho 

amylose:amylopectin ?"Z' tio between potato and cerenl starches are not knovm.. 

The m-12nui' ~·,cturing details for the cereal starches are not lcnomJ.. 

. The possible e£r oct of the presence of cereal protein has al.ready been painted 

out earlier. Tlua will be a de.finite impurii;y' for electrophoresis. 

While tho substitution of cereal. starches f'or potato starch in 

Stardl-Gel Electrqlbqrosis does not appear very pranising, it is dJ.f'ficult to 

evaluate the rc,-sults bused on one experiment c:nly' and mare evidence based an 

a broader f i eld ot atudy, viz: obtainS.ng cereal starches from dif'f'erent urccs, 

reducing tbe pivtein fDl fatty acid content, etc., neoessery. 

On the other hfllld, locally obtained potato tarche ~ otter a 

more tru1 ttul tield ~or S'tul:\Y for their su1teb01+.y in electropboresS.a. 
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Sggtigl m: 

The Vertigal. Sta.J:sh:Gel El~c l4etlpc} ggd its Use 

sm h owwt2 sx tem or Mill&• 

Smi thios ( S) introduced this method~ -r1he1"1Jin the protein zones 

move vertically dm'~ on passage of cumnt, to overcalle 1:'.he :i;ilenomenon 

~ 'ele~ation• vhlch tended to occur in tho harizmtal method 

giving d11'tllsed el.ectrophoretic patterns (seo Clll'l)tcr I). Further, it is 

possible that the 1Jarticnl method reduces or clin:lnr:c·:;00 •electro-osmosis' 
c~,- , 

ns in the case of StrccL- Block Electrophorecin __ ,..,,. However, this 

ph<:nomenon has not been roparted widely with tJie har .:..Zontal method, except 

in one case f.'or scZ"UC Y-glob..J.ins ( 1 ) • 

To prevent clectro-deca.ntntion i:n the horl.zantol r.aethod. the 

protein sample introdu.oo1 into the slotz usually <Jontu:lned saae storc:h 

granules, or u filter -paper saturated. with the ~6.1:1.;?lc was inserted in the 

gel. Both methods tmu.eil to reduce reoolut.'..,.2u ,_,;: tho ~:>rote1ns { 1 ) {see 

Chapter I) . h the vcrticnl method hawevcr :, ·· ·ll: ~le cnn be inserted 

into the gel vrithcut aey supporting substanm,ond tho rosolVing p<mer and 

the reprod.ucibill -cy of the method i.S, theref oro, :inJ;rc:JVed. 

The best separation obte.ined was as shown on Pl ate I . 

In tb9 eei-)3 e.ttcnpts, trouble ms ezpecr:!.coed with the atabil1V 

of the gel in the vertioo:L positicm. Tl gel. ult;1 (d.ther break at the a1ot 

or .1UBt above at the bend an the traJ. flWJ 

ocm.atructim ot the gel ~ . E'Ven en \'l'QO • ootbecl' cut t 
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A, posi ti.on of sample slota; 

B, urea starch-gel; 

0, petroleum jelly seal to prevent loss of water during elec:tropboreeia; 

D, oolllplrlaenta conta.in:ing borate butter (pH 8.6). Outer oompa.rba nt 
contains the electrocJe. 

B,F , ooq>artmenta containing be-ate blfter (pH 8.6). The aig-zag line• 
abDw the poai tiona ot Wettu cloth bridgu. 

(ne SMITHIES, O. (1955)1 Bioo • J • .21•.585. 
WAD, R..~ anclBALDIIN, R.&. (1961) a B1oabim,1'1.opt)3a.Acta, J.tls22,5). 
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t endency to ~ at the sll ts per8icted on occn!1ia19. 'lhe wooden stand 

oarryina: the b~er ve,sools am the trey ffB.S impl'OV1ocd m:, th ad.iW>tahl o 

screws at tho bal,-ta:l, oo thot the tr~ would be at right angles dur:lng tho 

run. However, iho ro1'r1,aoratar in much tho molo nppo.ro.tus was placed 

was a1ao being '11:Jod for other purpoeea. and the occa:donnl. opening and 

ol.OSUlg af the &>or <lOUld vc:ry well have upset the p09i ti.on of the U"8iY' • 

'l'hc tr.?3 itaolf could not be C3l.lod 'porfcotly proportiaiol• , 

s1nco there woo a i'.irl1d .not diogonal slant ii' one vitmed it fran tho front. 

The \':ettex cloth cc:.ni.,'.,w.,G:J wore, therefore, not quite in line. Thia \'70uld 

give an uneven voltaac gr::i.dient acrooo tho gel and l eod to pom- separation. 

Thi.a any parhapn bo bomo out by Plate r. 

Dy t1do t1i.io, h.:n-levcr, the norizontal eleotrophoretio tcc:hnicruo 

wn.a bogi.nnin(, to ilOl~:t t"1ell using Wake ond Baldwln' s paper (?). ~or cooparioon, 

and since thece ,·ror:-k.o:rn hod reported ceparntirl{r nt loo.st 20 OOC!lpOD('.nto t10 

ugnin!lt 17 by i'lcclln ot nl. <41 ) , who U3ed a two cliJ:lcnoionnl. tcdmique Wlil'll; 

ve--rticcl Storm--G<,,1 Ele-01.rophorcsi:a, it oppco.red tl~t rather thon opcnd moM---e 

time and prca!.c.UB ti:s. terl.als an trying to develop the vcrti cw. electrophol-otic 

technique, cttorto sboUld be ooncentrated on horizontnl elcctrophoreoi.s. 
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Use of Starch-Gel Eleotrophox,si on the C einate S.ystem q_f 
Milk and on Purified Enz,ym , and its poaaible use on the Study 

of 13Ytein l{ydrol.ysa.te • 

Acid C ein:- Prepe.ra.tion o f aci oasoin has been briefl.3 desoribed 

in Section I of thi. chapter. 

Alkaline Milk 1'10 phcmoooe"tera.se:- Thi neym.o wa prepared f:rom 

buttermilk by the meth>d of ¥art.on (4.2) and will be diaousaed 1n Part Il of 

this thesis. 

Commercial Cheese Rennet: - This ~ supplied by the New Zea.land 

Rennet Co. at El tham and is used :for cheese manufoo ure in this country. 

Preparation of Renni.n from Corm:ooro1al Cheese Rennet:- The meth:>d 

followed for the purification of rennin in commeroial rennet was pr:Lnoipally 

due to Emstro (43 ) (aee Part II for details). 

B. Study of C seinate B.ystem 

Originally it inten d to use the th:>d of Starch-Gel 

Eleotrophoresia to atu4.Y th changing el ot.rophoretic p,.tt mo ... o in due 

to the action ot various naymes like pep in, rennin, bzo lin and la> 

to d1so a th e changes 

oomurrent tucw 
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bitter ta.-te to 

tinguieh t fraction in the ~lysates bav not proved 

Verf/ ,. \1.l.ll be evident from e stu:ly on cas in hVdrn.1.ysate by 

Baker and his co-'t'iOI:'kelr:J (44-49). 

For 

ntial, 'tut th 

oontu • The c loxity of the 

and possible 

:mi.ch have 

,.oo• ted with Starch-Gel El ctrophorc 1 , 

tion arlier, 

l ine of stndy tot 

far thi. cJlane e ident by the follorr.i.ng · cus ion on casein 

of casein wa t cd o l • indiea.t • for the study o 

(1) 

A n t.he o 

t; 0 .1111 pert t the di russion later. 

, icrr to 1939, oolubi.lity stud s on 

that , 

components. 

y olubility in 

I, t 
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their seporate ca:iponcnto OJld presumed th.'1.t o<. ~ (3 -

baoogenoous. 

Y-ooee1n8 \?ere 

V1o.1J6h onil. von F..ip_pel ( S4) , l'll10 t.lSOd rolo:1.u."J chloride far 

preoipitating t:( - and /3- oonoino ,found o. ncvr oo:::rpancrrt ,7h:ich t)x,y rolled 

,k - co.nein. k -oo.no:ln '\7UO otoble in o. 2 ii Co012 :olution and moved W:-r.f 

close to the original o(~co.oeiu in Freo-Douncary Electrophare:d.A. It wan 

pootulated that ~ -caoein was in complex with tho o( 
0 
-oasoin (4

0 
= o( oauein 

without k -casein) and :;tt acted as a 'protect-lvo co11o-t.c1' to tbe o( micelles 
s 

(see Port II) . 

( t:"'' 
UcKcrude on:t. \':ake .,,..,, cant'imo.:":. tho 1-:~:i ... 1.tionsbip bctweO"l th:, 

,<( 
9
-oo.sein tl!ld k - caoo:ln on both .lt'reo..:.Bound.ai.""Y DR1 r':1.lt.;;r-Paper Electrophoreoio. 

They· reported a toto.1 of 8 componento on Fil tor-P:w( ;;./ :FJ.ectr.ophoresi!'I. 

( ."' ..t) •• J. •• -,,.J.., . ... _,.,1 •:1e~.,,......,.,\.,,.,_....,,, ~ r: ,-..✓> ( , : c-- •din 
J...4. ~ ~...,._~ ~ .u V b:tt:::::t:.i.,'.;;,,.;-;_._'J;. a ,. .1 ~~ .. _..,,..,''-'._uv_.. 

oome minor codifioot::.ans alreru)y listed el~.!:.o·~.. Ca•:.e:i.n solutions were mcdo 

in !r1·.l.o - 7 " u:ron - bui'i'cr. 

i'he r aulta are ehr.,.m on 6 rm ur,hio strips (Phtc 2A) 

and C01'\ be ~ '71th ,oko em Dald.win'n (7) 41.o.gran of tho scpt>.rated. 

canponcnts obtoinod 1n tha:1.r exporinent 'l (--o Plt:l.t.e ~). !lo!JUlta appear 

ccr.tpara_ble to tl101ra, indico.t:f.ns th.it U10 c .. l1ocl J a: b3on devoloped GUCC)~. 
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In sane at tho photogrophio strips tlbo ::dnar ~t!-1 bavc not Dba\m. U.£' 

well, although v.l.nible 1n tho or1ginal gel. ~..ch strip ropreamto n 

dif'terent run m. t.&1 f'x•och oc1d caoein oolutior.3. l'l.."lO ncid ro.~cl.n 

scpo.re.tod. into 1 ~17 O<)m].xmontn. Howc,ver, 00.00 ~ tho Dinar OOlilpOtl.ellts are 

not a.lsta.YQ vir,iblo rold n,,--.y be nissed in so:,c r>~"..,.-tc~:-.1"1 .. 

Origincl.ly t..t.w gel strlpo wore CXL' :uw f ar percentage tron&­

miss:lon ~co in the M}ckrian D. U. Spec",.rophotocctct'., Thia W-a:l done by 

removin.a tho cuvot to holdor ~ pla.o:Lns :in-te.:.d :i apooially i:.....de r;0oden 

frame to C1UT,.: the ~ 3trlp. 7he gol str-.i.p could be ?!loved a ~illimetcr at 

o. tine 311d tha pei•o.;nt~-e trn..'lSZllission cbc.ngcc ~c0evru.ed dil:",('l<,-tl.y on zrnph 

p£>Pel" placed on u to~ pl. .. tt'orm a·;;tuclicd to th0 ;::d.n fren:r1. The l'}'.'aph +..hen 

sbowcd p'.:8.kn of loo peroon:to.gc tra.nom.coion dionovc;:- u :::to.ined zone passed 

in front or the !i!.i t:; . ~:-e ni.,,·e-l~ ur.cJ ur:0 Gi 2 o 1{. 

Thi.o p;;,'QOe:.m, lJ.C11oveJ:·, \-.is cuooo·-nomc ru l labor.:.ous. The 

llOWillcnt of the 1·01 otl:1.11 v.r..icb wa.a done flDJlUD.l1-Y \'iO.."l not a1vcya accuro.te, 

and it was po:Jnibl~ -to Mt:}Vu 'l::.he ~el strip too fix-:· cl'll thun miss separated 

oomponantu clooo to or.c e::'lothcr. 

The moth.ru my be uooful to finJ. ci't£.)(;on :ln tho ?Iu:i.j~ protein 

COlilpOllento, either t.hrOUGh cnzyce c,r bactor'a C'.(,,"'~icn, ~ 1nd.ic:;ted on th:> 

graph paper but ~incc thio line of study VJ.">.& no{. · :°hl ~ to be followed, 

photography· of the 0olo ,-,,....a undertaken as o bctt ::- oncl :iare permanent reoord 

o£ the ongina.l. ~cl. 

Doteilo of pho~bing tho gols havu alreaey been given in 

Ohnpter I. 
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Starch ,. l Electrophoresis of Conmeroial. Rennet, Rennin and 

Alkaline Milk Phosphol!X)noe terase. 

The enzyme preparations were all freeze- dried. Detail of their 

preparation and isolation re giv n in Pa.rt II of this thesis. Coumeroial 

Rennet (dri d) contain d 7}% salt, while the rennin preparation contained 6~ 

alt. 

Gener lly the n:ethod of alee and Baldwin ( 7) s follovied in 

eleotro~resis using similar oondi.tions as for oa.sein. Imzyme and casein 

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

Plate 3 show an eleotrophoretic pattern of 5. ~ oonmeroia.l rennet 

solution (a.llowanoe being d for salt concentrat1.on), 1% and Jfo 

phosphormnoesterase solutions and 1. :(o casein solution. 

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

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

The phosphatase prepuation (slots 3 and 4) smws a rout 6-8 bands, 

with 1 major b nd in the c ntre of the plat , possibly aooounting for over 

60-70}& of the preparation (purely on visual estimation), and another towards 

the slot • 

Plate 4. l'x>wa a p.ttern of 1,4 and 31& rennet solution (containing 

o. 27'~ and O. 811' rennet re pecti vely) in slot 1 and 2; 1" and 3% rennin solution 

( containing o • .} and o. 96 rennin respectively) in slot 3 and 4, and 1 • ~ 

casein solution in slots 5 and 6. 

The pattern tor rennet baa b n clesorib d al dy. The concentrations 

used here s to g t oo n. on with rennin in re ard to the depth of staining 

of the jor band&. 
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The rennin pre~ tion shows two mjor bands (2 and 5), 

one about the middle of the plate ( slots 3 and 4) and the other near 

the slots. The rke riation in taining of the major zones between 

the remet nnd r mlin preparations at similar ooncent tion (both containing 

an al.nl:>st similar salt ooncentration) indioates that considerable 

puri:fic tion had "teen achieved. Three minor bands may be seen too. 

It , thought po sible that the two major zon o een in the 

rennin preparation could be in equilibriwn with each other and that 

separation may have een . to their tructural differences; the molecular 

sieving effect of the atarct-gel oomin into play. 

If thi w s the oase, then eluting each of the two zones from 

the unstained el on th truy and ruruu.ng arother el ctro resis on each 

should ago in gi. ve t 

phoreais. 

2tmes at the same posit :ions as 1n the 1'irst electro-

Th following method w: s used: The top slice of the gel waa 

st ined and hed o.s usual (Plate 4). V. hen the zones were vi ible, pieces 

of gel were removed from the gel tray from positions indi.oated by the two 

stained zones (2 ano. 5) on the top slice, allowance ing mo.de for the 

slight cont aotion w oh occ in the ashing of a tained gel. Due care 

was taken to p event contamiri tion from djoining lot rea • The gel 

pi ces were plao d into Gooch porcelain crucible and frozen t -15°0 for 

4, hours. t the end of th p :r1od the crucibles were plao d 1n the 

centrifuge tubes and wired to the l tte to keep them in posi ti.on. hen the 

el p1eoe had tha ed, tl tubes were pla.ced in the ntomat1onal Type C 

Centrifu e and c ntri ed t 1..,0 g for 15 mnute • Only fe 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 wlums. The solutions 

were then applied in the alota of a newly prepl.red starch-gel and eleotro­

proreai s run as uaual (Plate 5). 

Plate 5 shows an oleotropboretio pattern of 1. 5% casein solution 

(slots 1 and 2); eluant 5 (or sone 5 :from the prev1'lua rwi - slot j ); eluant 

2 (or zone 2 from the previous run - slot 4) and o. ;2; rennin (slots 5 and 6 ). 

It is clear from the Pl.ate that both zones 2 and 5 separated again 

into 2 zone& at the same poa~tions as the or1.g;i.nal zones 2 and 5, as sh:>wn 

by the O. 32% rennin pattern ( slots 5 and 6 ). l t appears, therefore, that 

rennin may exist in two pol_ymeri.c tbnns. It remins to be seen whether both 

have equal clotting and proteolytic activity. 

D. Filter-Paper Eleotroph:>resis of Rennin 

The electrophoresis was oone in a veronnl-buffer pH 8.6; ionic 

strength 0.1 . 

A 1. q:& rennin aolution was applied to the paper through a mioro­

pipette and electropmreais was earned out at room temperature for 14 hours 

at 120V. 

The rennin sample abows 2 major bands corresponding to the two m.,J.,,.. 

bands indicated in Sta.Nh-Gel Electrophoresis. The ditt'erenoe was that while 

the two bands DDved very close togeth~ on Filte?'-Papor Eleotrophoreaia, they 

were much further apart in Staxch-Gel Eleotroplv;>reaia (aee Plate 4), confiming 

that separation on the latter we.a based on moleoular sieving mre than on 

ohargo ditterencea. It appears that even on Pilte~Paper Eleotrophorosia 



PLATE 5 
!-

- . -, . . 
' "' ~, 

6 
' . 

r. • 
C, ,-~ 5" 4 2 

- ,. 

, wT f I :.. 

5 . ~~.---

I 
4 I . ' j 

~:·: ~ ~ ~ ~ ' 
3 S" 2 

l 
{-

.J 

STARCH-GEL f LECTROPHORfSIS OF" CASflN AND RENNIN 

ANl> 2 -: ACID CASE IN ( l·sf.) 
3 -= 
4 --: 

5 ,, 6 -: 

£ LUTE '5' FROM PRfVIOUS GEL J 
,, 'l' ,, ,, J) 51:'E' TC'lCT 

RENNIN (o·32J.) 

I /(,I, , 130 v, 6°C , 60RRTE IHl:J TRls-,,r. 81JFl'E '- pH8 ·6 



- 42 -

FILTER PAPER ELECTROPHORESIS 
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polymer sepu:-at1on is possible. No other minor bands were visible. 

E. ElectroJ21!>resi on Rennin Treated Ca sein. 

A 3.~ casein solution a t pH 6. 6 was trea ted wi.th 8 mg rennin 

for 1 hour at an enzyme: substrat e r a t i o = 1: 87. 5. I t v.as then diluted in 

a Tris - 7M urea buffer to gi.ve a final conoentra.tion of 1.5%. In another 

sample, s imilarly treat ed by remin, 0. 1 N !Cl was a dded to pH 4-. 6 to 

preci pitate the oa seinate, it was filtered and urea, to t he extent of a lx>ut 

7 M, a dde d to the filtrate. Electrophoresis was don on the samples. 

Plat e 6 shows an eleotrophoretio pattern of 1. oa sein (similarly 

treat ed), wt without rennin as above (slots 5 and 6) and renni n treated 

casein 1.5% (slot s 1 and 2). 

The i;attern sb:>ws that some proteolysis has ooourred and both the 

na jor bands e f casein, thought to be c< - and ;, -case ins (Neelin et al.) (4-1 ) , 

have been a t taoked; the f rmer t• a greater extent. 

Wake and Baldwin's ( 7) bservat i on on the attack f rennin n 

A -casein appears t o h!:1.Ve been o nfirmed, but it c ul.d still be seen after an 

hour's reaction wit h relllli.n contrary to their findings . k -ca sein gene.rally 

oooupies a broad z ne behind fJ -casein, midway between it a.nd t he sl•ts. 

The pattern ala indioates that it w uld be impossible t 

distinguish as to whioh f the br eakdown protein zone s o mes f'rom which f 

the • riginal oasein o mponents and tmt, unless th 'pure ' oasein component s 

are t reate d s eparat ely wit h rennin nd then analys ed el eotrop retiDa ll.y, 

deduc t i ns n the eleot:rophtreti o pe.ttem f rennin treat d oa e i n , or f1 r that 

matter n an_y prot l.ytiD enzyme t r ated oa ein, is t ible. The picture y be 
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£urther ca:ipli=tod by the ft\Ct that scmo b:reakdom1 prodllcts, whether fi'OCl 

o( err /3 -coaoinD,llU\V' run togather on OllO occrud.on bu.t separate elJ.ghtl.y an 

another ocCOfl;.1.on, if' ooniit1ans or olcotn,pbo:t'Cei.s are not absolutely comtmrt, 

giving a i"el. ... c impreosion at increased proteolynio. 

Diao..ssion 

The ol.ootrophoNtic pattern far acid co.sein obtained in tltls ctuey 

sbowa a gooi a::oparluon w1 th Wake end Bald\ rid a pnttern ( 7). The pc.ttom nood 

not 'be c.baolutely oo1nc:ldP.nt to theirn. r.n fact, eleotr.ophoretio ~ttomo of 

casein obto.ined by worlters in diffe~ oountrl.es is not like]3 to be cxa.ctq 

the sme as thc.1..rs. Sevo;•al reason.\, are possible for this variatiat. 

1 • o<, , fl and k - caseins can evidontly :f om aggregates vd fu thennclvos 

ond vtlth one another, the intern.etion being dependent on pl, 

ta,porature and ialio str'e'i18th of ~ 1:ut.fflr used in an.e.J.ynio (55) . 

1, lcswo::- pH towards the ioo-elactric point ot tbe caecir.s inl:rc..".OOe 

intero.otion between c<s ond (-3 -<nscins ( 55). Inareas1ng thu JiI nm 

lo~ the tempero.turo reduces intaraot1.on between the casc1n 

cmpononts. 

2. })!ft :t cns.ein prcparnt1011S, ol tbmch uwdo ,,.J the some llotllOd, 

appror to have di:f'foTent propertie.a (55), poG&ib~ tbrouGh " l.oo::J.. 

:ti! vorio.tians c1ur1ng precipitation om. cli,Jaolution prOC(,>duroo 

cfi'octine Dg8E'Cgat1on om proporticn of compcment:i in wrioun 
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nre!Dtu"'B:tion of caDe1.n tmrpez•at1D"O of 

tllnilCaJ:"$ 'illl'N'l"'1°-"ll'lt since 1..,...._,41. be 

d..r k- mple.x 1s pos ble (56) .. 

t te er tures CNcr 65'c , t it 1 · 

.UA....LI[1"' can OQCJJ.r toJ':11'.l•crtltUt 

ein precd.pit :tion (7) . t e of 

o_r be lo d 

,. t (3 1n could be t into 3 

bond# on Pep r Electrophore is which ho nam A, l3 and C. 1'h 

B, en-

'tm140d tog1ve all 3 type • Jerseys onomn B. cd 

eeo int 

rkBr (5?) also found 2 bands in the T re · 

or 

1-U41.;•.a.i. o:iroears to be a ge ica.ll3' 

puu~milk~~ 

0 2 3 ab 'e 0 onJ.y 

~ Point 1 

in St .. (8.G) 

t lOl t (2 C), t 

1."'1 l 1 (7) 
• 
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• force of 
(7) 

1neotporat 

......... ,~· of 00lllp ant , mt l"..ith o ob ervcd in~ 

for the tudy O'f in siblc 11"' th 

l atter be UI> (60) and n n - , 

) 

Starch 1 Eleotropho ~.a doe not, o s ye~, ncr:n · o ch com ent is 

tinat protein ent:l ty... Some of +he!:J 001 u.1 be met to.bl polymm: of 

onaner - cussed in Section III - ( vi) th rof r ence to 

,:rongl n 

this 

Go. nel:ln' r find.i n branocr ol en 
12

j) and. c 

CODlPoJ~ts i..n 

coount for 

th o( 1 

Pl to 4 5). , e 

·· did not fim t 

16-20 on to 

ot llO.CN:;U;:J."'&O Pl 

(62) 

E. 

illty. 
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that the adaatptic.n--clution diare.cter.tstics on D. E. A.E. -CIIUulose o.n.d tb() 

properties af tho 2 ccraponcmtB are oo 0:1Qil~ that tbey could be gcneticall;y 

related. Onq Storch-Gel Eloatrophoraeia rcvealod tho 2 components. It \"18.S 

a pity these 2 ca:Jpanents were not olutod !'roo tho starch-gel and re-run a 

secc:Jl'Jfl timo to et.na. dletbea- each a gain s eparatoa. into 2 ~- A 

SOIIIOmlat _,ir,u:i lo.r roau.lt to W8JJ8h et al. hos boen tound on the citrate oondo.noins 

enz,rae by nrod.or ond Srcrc ( 88) . 

Urea. tome incluaion oompounds with fatty acids and other 

compounds oa."1.toining C ato:us linked in a s~t chain ( 63, 64), mo,inl,y 

thr0ugb ~gen~. However, ~or inclusion compound formation, there 

must be at lcr....."t'f; carbon a toaa link.ad in a straight main and tho proocnoc 

of a b-enoono r.f.n3 in the chain inhibitt· 'inclusion'. The ~-est ocrbcll 

straight ahcl.n is in :cysine vii. th 4 c-atoos , but tl'Jt) £, rm2 group is l:Llrely to 

prevent too f a:n:::.:tion of an inclusion ~ 1 ond 1'm-tber there ohould oo 

enough l::enmr..:J r.in,:;u an tho casein molecw.e to :i.rJlil::4t inclusion oo::JpOUnd 

formation. Drcmn (64-) , however state : tlnt a eomplexv-4.th a 3-4 t;c:a 

If a co:rplexlng docs occur, it iu 

not clear baa the oleci~pboretie pattern will be ati'ected• It is ,POOSihl.e 

that the .rola.tivo miare.tion or the cairpar.ento, psrticularq the mi."lo:r onca, 

Wl.Y be attectod dcl)ending on the extent at adduct tarmo.tion,, 

Anotbm- more likely pt'Oblcm en.sea fraa the ftWt that ~us 

uroa solutions un.Jergo isomeric transfo~'1IIO.tion into auonium cynn,,.to {GS) -

cquilibr.lm ~toge io reacbeci very elow-~ o.t rocn eni l OMJr ~aturcs. but 

at 1 O<J°c .it i roo..ched 1n halt an lloUr-. An 8 II uroa soluti.on at er:uilibrim . 
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-~r'!'t'.1:1. wt any 

gr."Ql.ip ( 66, 67) • 

:t retn.ser rt~ t ;flllJDll'll". t!.'l~lll'IA"' 

olutio 'WOU1d 

reaction betvre ... n the ct,anate in aQl.iiecR.us 

-carcn-lie.1. El otropboretic 

Thi co-Jld · 

2 

i.t 

1a po 

sin 

pre,pa.r tion at the st.nrc:~.e 

7 Ii) is added. u.u.i.''.IJ.lh[ the ting phase at f;el Tn"t"!ft"'"'I"'' "'~ 

Far the C10-"-aar·n1a t , the gel so1ut.io is boiled and, mibse .. 1:1, J't 

it 

eno~ . 

on th perspex trey , it re · 

unt of qy ti.on. 

Tho oopg st.\'.l.phat - pyridine to t for eysna.te (7o) was ~ · 

out on the g l ........... ,-:ton prior to it tting. 1'he te t as sensiti.vo to a 

ay te ooncontr·~ • cm o'£ 1 : 20, 000. as:no;LDR th Ul'ea had attained OOJlr.t:iletc 

equilibri ULU.-....... .., the gel preparation, th alllount r£ the el 

te t 

en obtain 

CCl'lLO!)tltnl't1.<m could 

UV ... ""'4 not 
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t< ' t with the Qa.Gl~ 

ori :ts t t if QJ'aiU~to 

fn:I=i:Fl:H'H,tor ffl~e:re.t~:tS 

e1.effl!:ronh!~i~o. t oorr.L out. 

is t even ti" tho 

into thousands) , ue to tho oorbomylation react: 

th eyanat 

the ~ 2 ~ 

('?!) • 

p:otein is 

net charge on 

it.a el.ee1t:roinl'll'Jt'Ct1C obili ty.. HO"I 

littl affected 

dealing 

pattern 

the 

· t na.v be :imperat:I. top dllt 

br<~do.'irn product ~ lcwer-moleoular- -m,ight who 

Q:Jl>OO:ll.?llS on the xttnt of ~boiey-

l Electraphoresia has int ced prob1 

e.Dil &l mt (7') SUgJe too that the dia 

ooility 

in, be taken as 1 (i. e . bona 1) d.18tanceo mc,v 

0 .cey then be el.at d to e:,, b 

CCl!ipGCl8llt 12 

0.5 ... 1 . 2 in 1 . 

e...---e 1 , in a 

to&>i toi 

by 

1 

1 

>, 
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.. 

, th ore, it u 

1'he not::&on(:U.ature of ca in -Bcundary Elec..,....,,.w-.h,,..,...... 

J',...~CX, /3 l y .HUL&ILcilted by allander <51 ) still talld • 

~ b r:il k .. ..,....,.""""''" , in mi.ch caf, the or ina1 o<... ein 

D( -oo.se:in Th:to noi100clature should be tenable til points rsi 
8 

:t 

it wa tho gb.t 

'fo • s 

t 

lJ 



PART II 
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REVIEW OP LITERA'ltJRE ON TIE .ICTION OP RENNIN ON CASEIX 

The nature of rennin coag.ilatiOn of milk ia not yet full¥ 

understood. t best, it is reoogniz d that the eom.ni oan be resolved 

into t'M> st ges, namely, the enzymio oonveraion of o 1n in1x> pe.racaa in 

and the sub quent ao g.ilation in the preaenc of' caloium ions <72 ). 

However, a.s early as 1929, Li.nd.eratrom-Lang ( 73) had uggeated 

that one of the casein components aoted as a 'protective colloid' and kept 

the other oaa in oomponenta in solution th:rou6} it ov.in stability-to milk salt • 

The general videnoe pointed to o( -o in a being the protective colloid ( 72 ). 

BelTidge ( 74), mwever., stated that the protective colloid theozy 

did not explain "the time required tor the clotting phase 1 nor the dependeno 

of the clottirlg on temp,rature". H put forward a dena:i;uration l\vpoth ia 

wherein it was JX)Stulated that proteolytic enfiYllleS hydrolysed ohemioa.l bonda 

to give rise to unstable molecules which, at a sufticiently high temperature, 

denatured. The p:>lypeptide chains of these degraded and native moleoul a thtn 

combined with one another, linking the micelles into a gel n tv.ork. Evid noe 

given by Berridge ppears to support his !\vp:>the ia~ 

e r, t~ghts moved o to t • prot oti ve colloid• th ory 

with aug)l and wn Rippel •a (54-) disco · ry of a new oa in component which they 

te d ,k-oasein. Tbe k -casein appeared to be 1n complex with the c(-o aein(54-,75) 

(now call d . o(_ • -ca ein); the w iePt ratio ot the cx
8 

- k complex ugge t d we.a 

4: 1 for mic lle tal)ili zation. '1'be auth:>ra (54-) concl uded that /c-o 1n wu 
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weight due to re. m.n o.otie11 

normal rennin r'\ll ti 

rennin o.lt Ol.ll) o in lubl 

i to ,k -eanein micl 

oalc:1.um at nbout ., 

clt the phosphate group 

so prevented intcr .. ccmplex liru • 

the C\ - K casein f'YV"l'nlax wherein the ,....; S --r V\ C 

of a triangle dth tho k _... in in the ntr.-c. 

its 

in al 

ci 

0( : k Ul.!,MZSVvted 

• W. q ... 23 • ,300) ( 7 ) ; 

calci ions, 

too. ocncme t 

a · od the threo co1r.·nrn•n 

k ein 

and it 
r-, , 

this end 'I :UC:1 rennin hy 'rolys d ' 1 ✓ , ;l · ri to •1 olubil:L ty 

the para-k - .._.cl.n ,. 

in .c . ., ) 

·:u .... , ~i.. J • 

in 

is llttl.o ov-Ul.onco ~ it to be ac tad 
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pH 7 n t.ho ~t of th proteins re precipi t t fr tJw r ctian 

ed the roleaso o£ 'glyco-oacropeptide' 

traced its or1,cin to k 

rennin on eas in m.s 

ein. He sugg sted that the primary ction of 

lea e the ma.cropeptid.e !'roe k - aein, deatroyine 

the latter's mieollc tn liz1ng properti • Uowevcr, he found no evidence 

~or the rupture pq ti bonds for the reloooe of tho maoropeptide. 

er, ha become ru.ichtly conf'used by the 

suge tion o:r Dco .r· r-n :1 . it chm (n), ond eby (?B) th t /r - sein 

not a ingle protein but a complex, am that the o.ction of rennin vm.s rirot 

to open tm oeoon.'lllry bo s responsible for the stability of the cot1pL • (n). 

Further, the ly,.,..,...._,aropeptide r~nized earlier <72 , 76) from <X'1C ot 

the A -en ein lex components which wo.s soluble t pH 4,. 7 and \7aS pro bly 

co-valently bound to thi component. This pH 4. 7 soluble component of tho 

.k -casein complex \?0.:3 o obtained by urea. tre tment or by repeated i -

electric p c:ipit ti of A- -casein. Beeby ( 78) calculated the ole lar­

weight of th /r-.....,...,,.....u 'complex' as being 50,000 and, b ing it on ll1lt;;b'o 

value of 16,000 ·vcn to k - se:ln (?S), he .c3tcd th t the 

oons ted of 3 

Iia:lcvcrt-, it is not clear tm,"!'f:ll1Ar the k - in • oompl x• 

wdl 1n the \J>.MJIU .. ,U, ,.._.,..,...,.....,.,,~ anl Ul;l.1.Q.U;.L sebece ( 75) or the ,x .,. k in 

__,...,..,.. again the ~po • 

colloid' f y 

on r rennin f olott • el 
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titration ho Oh(:JilCCi t the 1Goeleotric po t 

oloo ·red t the ec ... cntial fci-enoo ot,,:oon the titration curves 

for tho two caseim lo.y in tho "diverg cc · the ot ly alknl:i tin region 

groups of artP,nino exhibit their buffering effect" e S:1.n lysine aJ!lino 

groups have boon sho;.tn no to increase on ... ~ ......... 1 o.ct2 (SO), too 

appearance o£ strongly o.lkallne gr s in paracru:: :b1 ttributed to 

arginine gunnicb q>o ( 79). Dyachenko ( that rennin llto 

the -P-N- link between tho ph up arginine, 

up tho formor to 1 ooet ui cnl.aium ioru:i to f 

a coagul • 

principlo of the po ible reactions involved o.ro ~vo· bclm1: • 

I NH ,, 
\\ - nn - C - t - NII - C - t ~ ;~. 

\ + n
2
o 

P::O 

J" Honn.in • a1 
OH I -~- 0 - at2- 0 - P 0 

'\ 
(JI 
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~l"IH + lIO -

~hate 

Reaction (:\) is ao per Dyac:hcnko' o {7?) pootulati 

In Rrooticn (D) it was hoped 1x:> roleo.:.--,o the arlhoph?spho.te tran the 
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C!eot:1.on I: 

Xlw , thod of • nstr m (4.;) t:, s l loo-c =t The lo.st throe atop 

(6, 7 ond 8) (4.:,) trorc M"T ver, el:iJ:l.lin:ltcd ci.i,oo tli'.:y rerc t considered 

rJOrt.m-Alilo for the very all in co.se in spec:' ic ~'"tivity obtained by 

r ollo:r.ing th.om. or c trifuging , an Intern.a iiiv; ::i1 !' 

,ms uoed.; e t Il\'>'-'I turo being s c...<t at :Pc. 

nnot Co.Ltd.. , 

.At the end of step 5, tho renn:l.n UOL di."l lvod. in a minimum 

quantity or di t:Ulod 'I.er and spread over 

n put in tl o c1 _ f 

frooze..or:Lett f 01· J.J3 

t -1 !:>°c 

onl the re t 

Port I of thio 

to 1n . 

czo tr:r 0 

(7) 

.. II , 

tcol ~ ' vi.cl.ch 

It s 

lo 

od. 

re le 

Secti N (c) or 

(Plate 3) ch appear 

are 
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(! 7) 
ccy'stala showc,d 4, ar 5 elootropharctio peclm 1-;, :ln roe-Boundary Elecu-o-

phorcaio. F.m.strom (43) htl8 listed ex.e..":?plo:, ,-n.d.:th luivo more than one 

Ca:lmor0i£u rOl'mot indicates 7 - j bo.ndo ln Starch-Gel Electro­

phoresis {ooe Plato 3). 

Salt (no.Cl) oml3sio by the mothod. or Volli..'U'd (S2) indicatcci 

fa.t cream w:.s· ooparutod £'roe .frosh, bulk, 

unheated milk supplied to the Dai..ry Resevrch In."ltituto { •'-'• ) factory. 

Diatilled water •'/U.D ruldcd to 1·eduoo the f at oontcnt to 40fa. dter ovc-rnie,ht 

holding at -fc the CI'Cot:l ' 10.0 chu..,icd in ·~ nr;..""..l:t J.... bor,ltary type churn 

(l,.2 lba. areoc, 4<l.1 D.J?. ---, 13 chu.m..:i..ngs) :::t u to:ipcraturo ot' 10°0. 'l\"0 

'7aShes mt.11 mo.11 quont-ltieo of chilled mttor (·10 'c,) , ,'Ore uoua.lly e:tven 

ai'tor ea.ch du""ll'd"S• The buttcrmillt and vro!11.rlnrrs vio:.--o px-escrvod f or the 

isolat-.l.on of the cncyme. 

Tho rest of tho method ffll.B a!3 per Lrcrrton (lt-2) . Attcr clialysio 

in otep i.., the solution ve.a frozen in atainlcan otccJ. t!-eya o.t -11'c for 

5 houra 8J'ld then freeze-dried ~ar 48 houro. ZJ10 <h"i<X1 produot \'10.S tranm'orred 

to glo.ss bottloo t'nd held in the deep t'rcczo ut 15°c for tho ntst or tho 

experlllaital. pcr1ocl. 
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Micro-Kj ida.hl nitrogen t mination ( 51 ) inclioated that the 

buttezmilk, plus shinga, had a. N cont nt of .}. 6 me/ • d for the neyme 

solution, fter the dialyaia stage 1n tep 4, it o. 22 mg/ml. 

To detenni.ne the speoifio activity, the Asoha.ff'enburg-Mull n 

teat (Tmmer and ight' difioation) (84-) was undertaken. Liberation of 

p -nitrophenol was f'ollo d by an All-Purpo e I.ovibond Oo rator and Diao. 

The dilution of the ple to giv liberation or 18 1.( g p-nitrophenol in 

ten minutes s d ternu.ned. 

-2 For buttermilk thia dilution was 10 , i.e. the enzyme 

-2 comentration i n 10 dilution of the buttermilk f!l).Ve a 11.beration of 

18A g nitrophenol i n 10 :miwtes ( 1. e. 1,800.t(g/r..l. of the neat solution). 

The peoi.fi.o activity ft>r buttermilk was: 

N 

per mg N. 

or 1800 
- 6 = .500 units 3. 

The en~ solution pve a reading of 18 at a dilution between 

10-2 and 10-3, i.e. at neat concentration 1800 - 18000 -'<g p-h!.t:t"Ophenol would 

have been liberated. An arbitrary fi&iro of 8,000 waa l.ccted a being the 

nearest. 

s 1f1o aotivity • wa 
• • 

8000 "o:"22 r... 3j,J63 

Pur:Lfioa. tion ob1eved c ,H, 36} 66-67 fold 
500 

Starch- l El tropbo~ 1a ( 7) or the phoapbomonoe ter 

indioe.ted two jor and 4-5 minor bands (ao Pl t } in Chapter n, Seotion IV (C) 

of Part I of thi th 1 ). 
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It is not known whether all or only o ot them have 

pho phomonoesterase otivity, or whether the two nnjor component ar in 

equilibrium with ea.oh ot r, as was the caae ·with rennin. 

c. Pre:i;arat1'>n ot id Caaein 

Details of the preraration have alr di;" been given elsewhere 

(Part l, Chapter II). 

Analysis imica ted that th ash content 

m:>isture content wa.a 1%. 

2.~ snd the 

Starch-Gel anal.yai indioat d 15-17 oomponents whioh was 

comparable to the results of Wake and Baldwin ( 7) and Neelin et al. ( 41 ) ( e 

Plate 2 in Chapter l I, Section J.V (B) of Part I of thi th sis). 

Phosphorus analysis of the acid oase in indicated o. 711. P; a 

lower figure than normally given by various v.orkers ( boot 0.8%). The 

determination of phospb;)ru.s (a P2o
5 

) was baaed upon methods prescribed 1n 

the Jt,ert1lizers and Feeding Stuffs Regulations, 1960, Seventh and Eighth 

Schedule , and the mettod sheet (No.60) was supplied by llNIC AM Instrum,nta Ltd., 

York Street, Cambridge, U.K. (B.}). The m trod for determina.tion ot' plDsplx>rio 

acid in feeding atuffa followed. 

n. Detexpd.nation of Lib rated Phos:pmte from Ou in• 

(1) Pr!J?!M:o.t1.on or oapein solution 

A pa.at p d by mixing 

freeze-dried aoid ca 1n with a small quantity or d11till d ter and aey lar 

lumps were brok n down by 8118 or a gla.es rod. 'lh1 bel cl to gi v a. nore even 

and qu.1.oker dissolution of t o ein sub quent~. 

• By 'oasein' w1ll be ant the whole oa.aeinate OG&plex in th1a thesie. 
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Uore aistillcd vrator uo.o then e4ded to clispcroo the cru::ein. The required 

quantity of 0. 11'1 Ha<Jl was added dropwise th.rougb o. burotte; the casein 

dispersion being constfl.ntly otir.rec.i by memw af a. oo.gnctic otirrer. The 

solution at a pl! of 6. 75 \iaG then made up t.o the doo1rod volume by CU.Stilled 

water. The final pU vros generally between 6. 70 to G. 75 o.t :room tE!llperature. 

During the final otasos of 0.1N NaOH addition, n:iain {B.5) {supplied by Aplin 

nnd Barret Ltd., YCO'V'll, Enzlend), an ont:tbiotic, rro.o added to the casein 

solution at a. :f'imll ooncentration of about 100 p . p . n. Nioin did not affect 

the enzymes rennin or pboophcxnanoestern.oo, nr., cotcroincd in the milk and the 

Ascbaf'fenburg-!.ullen toot respectively . Th:w:i , 20 ulo. of pasteurized milk 

.5-10 minutes, ,ilid1 ms sim:Uor to a control oomplo not containing nioin, 

ond a o. 0, mg per ol. oolution of the phoophanonoostorooe gave n reading c£ 18 

in 10 minutes on the Lovibond Comparator ,.rhether nioin ( 100 p .p.Iil.) was present 

ar not. The tents ho.ve no quantitative signiticanco. 

devcl.o,pod i0 donan.bed below. 

Tmmty mls-of a 3e!X-> casein oolutian (pH 6.7) ffll.D token in 

15 x 2 a11 pyrex toot tubes, v.hich wore held b.Y' alompo in o. roter-bath mnin­

tcl.ned at 3ff'c. When either rennin or commerc1o1 l'C1Ul3t was tested olano 

en casein they t'IOl"e usuolly added attor sol.ub1l1ia:lnc; in distilled \'7ater; 5 mlo. 

of the eneymc t10lution in d1st:i.lled. ffll.ter being nddod to the onsein oolution to 

give a final volwo ot 2.5 els. in the reaction tubon. ter the desired timo, 

th:) reaction was stopped by pouring the teat tube oontents into a stoppered 

mea.sur1ng cyl.1ndcr con~ 25 ml.a. Vc.i.u.u"-1.l-'-= ool3btlo.to (a3). The latter 
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served o. tbroof'old purpooe, name~,precipito:t:1ne tho casein, inactivnti.Jl8 

the enz;;rme ond roooti.J\s tdth tho libero.tea ortl1..')!)hooph:.Lto to give the soluble, 

o:rengc coloured vnnruliuo-phonphomo~bdate conpJm;::. The test tubas were msbocl 

three ti.mos tti th diotillod ,1nter into tho oeo.our-J.ne cylinder ond the :f'innl 

volume in the latter ,-ion made up t.o 75 ml.:Jo Tho ,7holc \'70.:S then filtered in 

a Bihimer f't.1no3l usine rotontive filter-pa.par , o.c. iillD.tmo.n No. 42 or ;. 

The oonplcc trore uaually set o.c1do £or 2 to 1' hours tor full 

colour development. It , ;as found that 1J.Si.nB ttdce ruJ liluch vanadim mo~to 

gave a. mudl quicker colour developDCJtt, olthouch orthophosphate llberatiG'll 

with reforcme to n auito.blo atondard \"18.D o:1.oiloi-- to that at a sample treated 

with 2.5 ols. of vancdiw t1olybaate. Hooevcr, due to the lli8h acidity in the 

oo:cybda.to reagent it ,,an oons:ldoroo. odvisohlc to uoo the scal.l.er quantity. 

It w:w 1\;und m cossory to re-filter the nolutions bei'ore exaDin:i.ng 

in the spoctrophotometcr for percont aae trv.n.nm.:lm.don uoosurements, since port 

af the coaein d.ogradntion products '7e.t-e procipit::\tod only later of'tor prolonged 

contact \"'Ii.th the mo~te reagent due to sl.oi:1 agr,;-ogr'..tion. Ropeated 

f1ltro.tions between 4 to 24 hours ofter oalour dovolo,r;iaent of a sample did 

not o.pprecia.bl,y of'foct the final porcento.f;C tr,.nr...nionlon reooing. 

The cloo.r orange coloured solut-;.ano \"ro·:-o ~ tor perccntoee 

tr.msmic.uon 1n tho Doclcman L!odol D.U. Spcc'a-opllota:l~ at 420 ml,{ using o. 

ataniard phospba.te oolution conta:f.n1n6 0. 1 mg P2o5 / 100 ml.a. oolution as o. 

rofercnoe (100;; ti:-aru:ci&ttlon) (SJ). Pcrcentogo phoor..llorus liberatod wo.s then 

ooloulated frocl the o~ O\ll"Ve (Fi(;urc 1 - ace late:r). V1hen nooeoso:ry, the 

:wciplos -.ero diluted GUitabl,y so tho.t perccnto.go trc.nac:l.ssic:m f'igures could bo 
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related to th standard 

D 

in the re·ct1cn 

• urc a o~t m sea:y. 

To 20 lso ein oolut L (:i; 6. 7) the titg 

to 

minimise the tro.oe Qf rennin or rennet left ~ ........ t .. At 

the appropriate time tho phosphomonoeotorooo 't7'-' , o :i. a. a solutioo. in 5 ls. 

of doub1e strength T°"2C03"11oHC03 b ~er ( .J..iMU,J ..... ased the pi to 9. 5 

,; rennin or rennet 10Uld be inactivated, ~ 1 o pH ias about the 

optimum :for phospha1onoo terase for most m.m""trntc . (42). The ctim 

t.opped as before in 25 L'lln. o£ 'tmrL"rt,um moly ®te 

measured in the opeat:rophotometer. 

phate liberati 

In rea.cti where "'Oin ms t'irnt r c od with phosphocono-

cste.ro.ne ,and then :d.th either rennin or COC10 :~--c:i.t: 

further 

Fi:t'temml:J. 

buf'f er nt pli 9. 5 tok in the reactim 

in tho 

t interval , 5 ml • of prax:ime.tely 0. 2 N llCl 

11 th 

bad to 

reaction. The 

a • 

theo rr 

d einco t 

t by 1nv s1ai or ~ 

rcm1ovt:a. to let out CO2 

dl'OJ)l)Od to 6. 6.5 t.o 6. 70 

V4\All<Ki· and 

to a.e certain t 

t , th procedure 

strength C!lrbo te 

od ed. 5 mls. of 

er the pprop ta 



- 63 -

reacted with l)h()D.Pll:iaJonc:001~~ onJ.y, 

~ was c11nsolvod. in 5 mls.af distill ..».Jl.L1AI, to 20 ml • ot 

Sein lution nt 6.7 I 9.5, the ca in 

solut.ion t.b in) 

nddoo 5 mlo. coluticm buf.rer. The 

reaetian in nll before in 2:., ~bda.te 

phosphate liberati int tor. Control 

given si lar t.Natmon: vrlthout enzyme . 

Uoo ot doublo tr th cor to not appear to attoct 

synthetic stra 

Section II: 

Oali.bration G 

!lt~!.1.1l'!L1~"! ltt.lQ'.':lfl SltilotDltG of l- ( :ln " .!; . oolution) 

ordinato. The 

Fertiliz oni ~'',;n--.,u-.,.y;u-.~ 

r.:J""-'-·"4 doon 50 

-~ on tho 
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I 

p 

Sample p 201100 ml.a. lutian w 1'r.m.:: t 420 « 

1 0. 1 100 

2 0. 2 9i...s 
3 0.3 
4 0.4 82 

5 0.5 n 

Recult =- A o c t l:1.ne ""-"-•"'-'" """""'"'""' ( .. igure 1 ). In 
ubseqµoot xoor: onto, hospharus lib ti t1llO calculated vi.th 

eren to thi eolibrntion c::urvo .. 

______ ...,._ 

ent 2: 

Liborrition ~hate. · 
d Pl 

Details of the teduu _ o hnve 

5. 2 mg phosphorus (ar ·12 g P
2
o
5 vv1cnt) Mt- a:Ln:'· 

1 3. 5 rennet or a.o t1g re .., ( tak:iJ 

o.J.koline Jllilk p h()opho,oonooH, 1 !:<!'r"JMO whOlleV 

1 :51 . 9, 1 :87. ,5 ~ 1 :1 6. 7 ref!mcc:-t 

nw ronnm 

ph,OS1:>bori110Doeot~• ... ~ nn-,,-:,,,.,.. 

• 

vcn eloerniero. 

am about 

dth tho caooin; 

s te ti() 

1 J , 



Sampl e 

1 
2 

3 

4 
5 
6 

7 
8 

9 
10 

11 

NOTE: -

TABL.E II 
Liberation of Phosphate from Casein by Rennin/Rennet 
and Phosphomonoesterase used individually or t.ogcthm-. 

0 p O ; 
Transmission 2 5 P205; % P ( oi'" total) liberated 

Reaction 
at 420 m 4 mg/100 mlo. mr/15 mls . 

(o. 7 g casein has 12 
P20r:.:: ) 

C 6. 7/1h + 5 mls.D.S.B./30h. 105 1o6 - - - - ... 
C 9.,5/30h + ,5 mls. 0.2N HC1/1h 105 105 - - - - -

r{1 + P9 • .5/30h 104 103 0. 03 0.05 0. 023 0. 038 0.19 
rJl + P9. 5/30h 10.5 104 - 0. 03 - 0. 023 -

C 6. 7/1h + P9. ,5/30h 105 104 - 0.03 - 0. 023 -,.,. 
C 6. 7-iJr" /1h+ 5 mls.D.S. B./3()h. 103 102 0..,05 0. 07 0.038 o. 053 0.32 

C 6. 7+RN/1h+ 5 mls.D.S. B./3011. 73 75 0 • .55 0. 52 0.41 0. 39 3. 4 
C 6. 7 ~ /1 h+ P9. 5/30h 103 104 0.05 0. 03 0.03s 0. 023 0.32 
C 6. 7 +RN/1 h + P9 • .5/30h 76 74 0 • .50 0. 53 0.38 0. 40 3. 2 
C 9.5..:P/JOh+ nT6.7/1h • 105 103 - 0. 05 ... 0. 038 -
C 9o.5+P/30h+ zri6. 7/1h * n 76 O. liB 0. 50 0.36 0. 38 3. 0 

.. ,. ~ -- :~ oc, 

C :::: 3. ~ casein solution; 6. 7 and 9. 5 refer to reD.ction pH; P = phosphomonoesterase· 
::: rennin; T 

R = rennet; D. S. B. = double strength cm.~bona.te buffer pH 9.5; 
1 h o.nd. 30h refer to time in hours. 

• Mmbors in red in the main table :represent results fran a similar but COl!lpletely 
independent experiment. 

I.I' Rennet an:i rennin were added in pornier form,ai'ter 5 l:ils 0. 2 N HCl was added to reaction 
tubes ( see Section I ) . 

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

0. 32 

0.19 

0.19 

0. 41+-

3.3 

0.19 

3.3 

0.32 

3.2 

O'\ 
\Jl 

I 
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Table lI cleorl.3 :l.ndioo.tos that o.1.kilino r-dlk phoor.ihomonoootcrzwo 

bas littlo Qt' no cttoot on the :rolca.oa at ' pbonphoruo • f'ror:i CBt1ein.. nut 
t he intaro<1tin,z rcoult uac tho.t rennin itcolf hod libomtocl 3,.0fo to ,3. k,~ <:if 

tho totol. phoopb.aru::J, vlhich tm.o ourpri:Jina, bO()C..UGo of the v.10\7 holc1 tbn.t 

rennin hnd no ~ onoesterase activity (?;)). Ooomeroiol. re1mc-""• cl.tho~ 

uoed 1n c>. a . .r,h hi(per quantity ( 13. 5 mg) thon ronrwi, htld on:JJ n minor ctto">t 

on ' p}uxwl'...:,r..a.'l • l.1.bero.tion, explaincd wholl'9' by the very 10\Y cooccntr:.ition 

ot rennin .~-cm~nf; in it. Thia unexpected rocult w-lth rennin oan.pl.ioutcd 

matters r>o :r~~r (,,g l)J."'acben.co' s postul ation (?9) , th.~t 1-ol'l!Wl ::ipliui only tho 

M- P l~.,t;e , l'nO oonoernoo.. It appearod pro'hablo that the phooplnto &J."OUl) 

aotod on c>. J.i.~t b..~cn udjaoont ou..~:1.n nbn.i:no c.nd that the b:>nds ey ~cyoo:1 

by renn:ln t:, rolonno the orthophosp~ to (.for v1hich the vo.no.d:lum mo:!~.rt--& .to 

reagent is qrcall'.lc) \"J8r0 other thou -0- - bo.l'll..1.D., thls point \'Al.ti :lmrors\;:l,.r,,1-:,i..Xl 

l·}~~J:.2-P.i v:i ~£ _<?f Jl<H.U.\Hh. C£9:!orcial Rennet Ql!LA.lka:tL,c 

~ lk 1.~ppti~onoes~_an GXJlt~~.c Substm~• 

(i) Test, on di-sodium n:;nitrgphcnyl phosphate 

The fll0d11'1ed AshaffonbuJ:-8-Uullen phosphatcoo t c:r~ (Ol:-) 

wru:i C21':T:i.cd out an 'the three cneymeo; -:.he concontratia:ns used in£ th" c.co 

as in hpCMllOnt 2. 

T1'..e nl tm1 ine tcct C."llitl 9. G) s done in t he umnl oo..roono.to 

butter cni tl10 acid teot {;Jl 6. 2) Via$ aono inn~ H PO/lmtj?0
4 

but':ror C82}. 
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Ob•'1A'.l:-vntions at 2 

otivity in 

activity at either pl. 

1 hoU?' 

Pi.fteen Ills . of the oolut.i.an ·wna teken in CE.:. 
. . 

test- tu • .. r..01 · ond. oanmerc:i.al rennet PQ\·:ci.ers we:. e added to ( u.3:iJle 

WJ in Experiment 2 ) ni'ter disoolv:lng in 5 .il:,;. o£ 

distilled -r,u.t~,.: .idle in the third, the mill~ phosphanonooate~ e '\'r.:l oddcd 1n 

5 w.s. ccrb ~o uf'i'or (pH 9. 6). Re ..... ctiono '\70:--c carr.1.ed out at :;S°c for 1 

v · ditl!ll mo~vbdate Tho volune in the cylinder v-;i., · '"\ ~o ... 

t o 75 wl.:o 

I phooj_)hcmooo ti, 

0 e t 

e 

nal.t in 't 1 

atarc. , d!.d. not ca: trou'l.llo 

ted by th control re ent 2. 



- 68 -

The quali tive xperiment on aynthetio S\.lbatrates indio tea that 

the med ot action ot rennin on casein (Experiment 2), compared to tha. t of 

on the ynth tic substrate in tlUa exper nt was 

dift rent, al tho the orthoph:)spha.te was liberated 1n both oases. Thia 

diffi renoe 1n action wa s poa ibly due to a different type o t bond present on 

the casein as oompar d to an -0-P- bond 1n th aynth tic subatra te • 

Rennin, t.ber fore, ppeara to have no pooaphouoooeaterase activity 

on (Y?lthetio b tratea 1n which th phosphate is known to link d by ster 

type covalent bonds, but oan liberate the 'phosphate' from casein (Exp rimnt 2). 

The l tter a peot as tud1ed fUrther, as d scribea 1n the toll.owing experiments. 

Further studie on the oo rcial rennet ware discontinued. 

Experiment 4: 

Th a:io dlat se Action of di.tterent R nnin Comentrationa 

on Casein t a Fixed Reaction Tim ( 1 ho\1_£). 

3. ~, casein solution at pH 6. 7 was prepared, described 

earlier. To 20 mls. was ed 5 ml.a. of rennin solution in distilled t r. 

Reaction topped in vanadium 1Wlybdate as usual. 

nnin oom rations of 0.32, 0. 64, 0.96, 1.92, 3.84. d 

8. 0 were used 'V1ng ena,m :substrate ratio of 1:2188, 1:1094-, 1:728, 

1:364., 1:1 2 and 1:87.5 res ti ly. (See Table III) 



Satm1o 
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3 

4 

s 
6 

7 
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,; U! 

Phospha.tan-e .Aot-1.an or diN'er!'!Zlt nenn1.~ Ctmeont:r:ltl 

an Casein .n.t a l:"'i::ed Rec.etion 1':!.me ( ·i he,~) -
% p O ... P205 ; % P(of total)'" • ., --2 ... :::: 

Reaction Tronsn:l.ssion :,J (c. 7 g caocin 
o.t 42c m,u ot/1 00 Ills, mr/75 els P

2
0r:. ;; ) ·- -

C ,G. 7 + 5 mls.d.i.st.~mtcr/·lh . 105 105 - -
u 

103 106 o.o.; -
C 6.7 + rt~ 0. 64mr/1 h 100 103 0. 1 0.05 

rfl C G. 7 -, 0.9&:ie/1b 100 101 o.; o.08 

C G. 7 + i:t• 1 .9.2tlr/1h 9.5 97 o. 1!3 0.15 

0 6. 7 , + if 3.84mg/1h 85 87 0. 35 0.31 

-C 6. 7 + Irt 8.~1h 72 75 c. ;;7 0.52 

t.211:if;', n so:t.ution; Ru ~ ~enn...i.n; 6. 7 :::: r,:.:- ~~ · 

Bennin conocntrati, been eo.m.,on:~ .r. - "' 

slues in :in the ea.in 

----..- -

- - -
0. 038 - 0.32 

0. 075 0.038 0. 63 

0. 075 0.06 0. 63 

0.1 35 0.113 ,. . 1 

o. :::-:64 0.23 2J! 

0. 427 0.39 :,.6 

a h • 1 hour. 

orm.oentrat .ion 

o.~2 

0.5 

0.94 

1.9 

3.3 

., nil.ax- ind.ope; .t e:@Ol'i.tiont . 
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eaulta: 

Pho phorua liberation at th end of 1 :OOur variabl t the 

low r enayme cone trat:wna 0.32 to 0.96 ( nqme:aub trat• rati.Oa between 

1:2188 to 1:728). 1 quantity being l1be t d, 11 variati0ns 

in cbnique 1110uld ~fy variations 1n the cal.cul.at d pro prorus liberation 

values. In an inct.p nd t exper.1.ment it to.md that O. 32 mg rennin (E:S :a 

1 :2188) liberated 3.1% of the total phctapb>rus in oa e1n 1n 52 hour • Beoause 

of the time faotor involved, 1t decided that further atudie on the 

phospba tase aotion of rennin on casein be limited to the h1€Per enzyme 

oonoentmtion, i •• 1.92, J. 81+ and 8.0 mg (E:S of 1:361., 1:182 and 1:87.5 

respeoti vely ). 

Phospmrus li"beration of 3. J;& to 3. 6}t for the 8 mg rennin 

oonoentration compares favourably with results obtained in Experiment 2 

(3.~ to 3. ). 

Experiment 5: 

Blospbatas action of Rennin using thre Enpe:Sub trate 

Ratios t r;,1ne Reaction Times. 

20 ml.a. of 3. 5% c ein solution t pH 6. 7 and adding rennin di olved. 1n 5 ml 

di tilled t r. 1.92, 3.84 and 8.0 g rennin concentrations were used (E:S ot 

1:364, 1:182 nd 1:87.5 reapeotiwly). 
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IV -
Rennin uo:1.ng three Enzyme: Subotro.te Ratioo at V1 -* Corrected 

Dilution % V205; Sample Reaction Transmission f, 
fo.ctor., o.t 420 0 ,U od100o1s dilution. 

P20f 

1 C6.7 + S~mlc.dist .water/1h - 109 - -
2 C6. 7 ·• Rl1 1. 92mr/1 h ... 102 0. 07 -
3 06. 7 + Rlf 3. 8}W1h - 94 0. 21) -
4 06. 7 + nR a. o mg/1 h - 77 O. li,B -

- -0. 053 o. 
0. 1.5 1.3 
0.36 3.0 

108 - - - -... 91 0. 25 - 0. 19 1. 6 ... 79 0.45 -- 62 0. 73 - 0. 31+- 2. 8 
o.ss 4-G 

9 06.7 + 5 ml.D. d13t.water/l.th - 110 - -
10 c6. 7 .,. nu 1.92m.g,1.h - 73 o.s; -
11 CG. 7 -> RN ;;.~lth 2 80 0.43 n.86 
12 c6. 7 .,. Ri"'f a. l,.b. 2 69 o.61 1. 

- -
0. 41 3. 1.,. 
0. 65 .5.4 
0. 92 7.7 

13 cG. 7 + !i
1
01a. c11st.'t'later/24h - "110 ... 

14, c6.7 -i- ~l 1. 92mg/2lih 3 Bl.. 0. 37 1. 11 
15 06. 7 ,,. It 3.84ms/~ 3 79 o.i..,; 1. 3.5 
16 cG. 1 .; wr a.o u/24h 3 76 o • .so 1 • .50 

- -o. 83 6.S 
1 . 01 8.lt 
1 .1.3 ,.s 

~oin solution; rrf :: rennin; 1:.½2h;.h,24h ::i: in houro. 

}:'.!.,1..ut!--on i·9:9x9£ = ~ VO.Lu:.:l;.:J be;f ore retlding I 

ntrati1 indioc.tcd ha"le been ca::iponoo: fur oolt OO!lCentro.tion • 

... ~-----
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~~1 

Peroentage (of total) phosphorus liberation ti s given in 

T ble IV have be plott d inst time in Figure 2 and agruns t rennin 

oonoentrations at th dift rent reaction times in Fig1re 3. 

Figure 2 ho t t in the ear]J, stage of tho reaction with 

1. 92, 3.84 and 8.o q rennin, the reaction ft>llows zero orcler kinetics 

(for approximately 4 b:>ura), fter wh:i.oh first order ld.notioa are followed. 

At t he end. of 21+ hours, all the 3 ourvea are still rising, although the 

steepness o:f the .rise diminishes with inereaaing rennin concentration, 

explained by first order kinetios, namely, that at any g1 n time there ie 

less of the sub trate ava.i bl to the higher rennin conoentrati.on a.a 

compared to the lower oonc tration. 

It was mantioned under Experiment 4, tl'B.t in an independent 

experiment 0.32 mg of' rennin (1!::S = 1:2188) bad lib r t bout 3.1% of the 

total phosphorus from a }.,)& casein solution in 52 oours. In Figure 3, the 

21+-hour ourve- indicates that 0.32 mg rennin would have liberat d about 1 .. 2'& 

to 1.4% ot the tot.al phoephorua in 24 hours, whioh QQDIJJW;,,& favourably with 

the J.1% 11 rat d 1n 52 houra. 

Fi31re 3 oon 

fbllo ed fir t order k:inetio 

t up to almo t 4- hours th liberation of •p• 

nd · t the 2lv-hour level only th:>ae ~be• 

oonta.ining 0. 32 to 1.92 mg rennin would follow zero order ruaotions. 
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kperiment 6:_ 

Phoa:phataae action of Rennin on a 1~ Casein Solution 

paiz!g En§YlllezSubatrate Ratio of 1 :25. 

The previoua exper.l.mant indicated that given time. more 

than 9. 5% of the total phoapb:n:ua ooul.d be liberated from casein ( see 

Fig.u:e 2 ). In this experiment• the ~yme: substrate ratio "Was set at 1 : 25 

to find out whether this imree.eed ratio wuld indicate mw n:uoh more 

phosprorus could be liberated. 

Condit1.0na tor making the 1. O)b casein solution and addition 

of enzymes were tt1m1 ler to tboae described previously. To 20 mle. 1% oaeein 

solution (pH 6. 7) ms added 8 mg rennin 1n 5 nll.s. of di&Ulled water. 
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T.AllLE V 

Phoophatru.e action o£ Rcn.'lin on a 1~., Casein Solution U!:ling 
Enzyme:Substrate Ratio o:f' 1 : ~·5 o.t vu-ying reaction tim~o. 

Reneticn 

c6.7 + 5 mla.dioii.nator/1h. 

c6. 7 ... 5 mls. dizt. t7:ltor/8b. 

c6.7 + 5 mls.d13t.m:iter/2lib. 

06. 7 + Itt &,g/½h. 

c6. 7 ... Tl 8cg/1h. 

c6. 7 + rlf 8mg/2h 

C6. 7 + 1f &ig/1:h. 

c6. 7 + -IP 8mg/Cl:.. 

c6. 7 ._ zl' &g/2~. 

uom: -

Dilution 
tactor 

2 

2 

2 

2 

2 

2 

% 
Trnrui:i:l.ssion 

at 420 ti l,,( 

103 

100 

103 

89 

87 

87 

87 

86 

87 

P205 = 
oz/100 mls 

0. 05 

0.10 

0. 05 

0. 28 

0.31 

0.31 

0. 31 

0.33 

0 . 31 

Corrected. 
for 

dilution 

-
-
-

o.;G 

0.62 

0.62 

0.62 

o.66 

0. 62 

P2°s ; 
m::/75 ala 

0. 038 

0.075 

c.o,38 

0 .1,2. 

0.47 

0.47 

0.47 

0.,50 

0.47 

C "=' 1 . ~ oacein solution: "Il1 = roonin; 

½h, 1h, 2h, 4h, 8h, 2lih = time in hours 

7 ~ rocction }ii; 

%P (of total) 
liborated 

(0 . 2g casein hclG 
3. 43mg P20r:. ;') 

1 . 1 

2.2 

1.1 

12 • .; 

13. 7 

13.7 

13.7 

1i.,.6 

13. 7 

Rennin eonoontrations lndicated have bocn cc::rpcn . .cc..tod for oalt ooncentra.tion . 

------

~p Corrected 
for. Control 
Vnlues 

-
11 . 2 

12. 6 

12. 6 

12.6 

12.4-

12. 6 
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no to: 

Parc:,ntage ( of total) phoophoruo liberation figure given 

in Table V ve been plotted against tme in i 1i 0 4-

Tbo fl.attming of the eurvo at tho ond of tho fir t h ,.. :lo 

rather und gestcd. that rennin co.;.ld libero.te w.<Uu.wUO of 

12. 5 ~ w 1 ; . ., the total p-hoaph ir, c in. 

so, o.t the bi8h eneyme:w'botratc r tlo of 1 :25, all or 

of thti pll.O:l1!'>naruo appears to be liberated in the f1r t hour. 

t 

Jl. rote of oautica is, however, neoossory. The sl of the 

calibre tin wrvo (Figure 1 ) indicates that roan dif£e;i. ence in percent[ ~e 

tranm:lic · uould magnify ·i.be difi'erenccs ~ percentage phosphaM.to 

liberzr 5:,zren, end this is noticeur.JJ.c t,;roen o.mpl es 7 c • 6 

respcotivcJ.y (i··1.'.:lble V) vfne ci dii'!'crcncc or 1, J Tranmniosian l.ic.s cl -on .. '. 

ditterc--nce .~, o. 9, , in percentage •p• liboi .. atci..1 ( alnost an 0, : , e,-c; .. ~ 

C loto ·~u·=- mcy' thus' l.>e cl.i{1ltly ll~l~ ... it is po;:;oililo for 

the et.tr.VO to be mov-lng in slightly uprrord direction. 

Cootrol Slllllplea, no. 2 8, (8 hr.reaction) ve both given 

rather high rcentage •:p• liberation figures, although rhcn control 

value i taken d:'f tho reaction val , the latter com u in lino ni 

ot n v ue • It i clitficult to explain the hid;le ll. _ 

ob~lll;/U in tl tube. , ince the 0-in solution od 
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n : 

1'IO Effact of Case~ .. Coneem:4t1on on:!¥\£! Ltberatiqq 

pf. gahgta§ .st R~ 

oo there appeared to be a ~ency for a f!7'C tC!' xol oo 

.t"i:"c:'.lrE!ln.t: C :!.J1 conecntrat:i.ans A the J.iooro.tion af pboopnrn~ 

• nnin ooncentra.tion oboe.en wns 8 .· g . since this liberated ~ 

prepat"n.tion of msein soluti ons and otlwr conil ti.01'\S of the oxperiocnt 
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TAllIE Vl 

~ Effect d Casein Conoontrotla:1 en i.&1e Liberntion or J.'b.o::;photus by Rennin ~-· .............. ; 
. . . ,; . . p O 1!; C'a:'rOCOOd ;J~ : % P( of t.ottll) %P tilut:i.on Tr.lr.r•nn.ssion 2 .5 tor :, mls. liberated~ correct• 

Sez:lpl e ncoo~ion to.ctor c.t 420 Cl ,L( mg/10Cblo. 
uilut.i.on ( or 60 rnls . ) ( o. 7g cn..1Cin far can-

lla.13 12 i::.3 trol p6 ;) values ---
1 o. ,i' c6. 7 + ,5Dls.d.ist.w.ter - 104 0. 03 - 0. 0\8/60 1. 10 -·1 

80 0.26/60 2 0. 5' c6. 7 +rt, ~~ b - 0.43 - 1.5.2 14.1 !llr'i~ 

3 1 . OJ' c6. 1 + Sala. d1ot. ,rater - 105 0. 02 - 0.01.5 0. 40 -
4 1. ~ c6. 7 ... rP. &ir/211- !1 2 88 0.30 0. 60 0.45 13.1 12.7 

5 1. !:f6 c6. 7 -~ 5,al.s.dist. oator - 109 - - - - -
6 1.~ C6. 7 + -rrf, ~2!;.h 2 84 O. S/ c. 71 .. 0 • .5.5 10. 9 10. 9 · ,'If 

7 2. c,fl 06. 7 + :ius.diot.,m.tcr - 102 00052 - 0.039 0. 57 -
8 rt' 2. ~ C6. 7 + 1 0-...:r/21:- h 2 74 Oc53 1. 06 o.a 11 . 7 11.1 I Cf~} 

9 2.5% c6. 7 + !;lcls.dist • .mtor - 110 - - - - -
10 2. 5' c6. 7 + r/1, &nc/24 h 2 71 0.58 •j . 16 0. 87 10. 1 10.1 .~ 
11 3. ()% c6.7 + Sele.dist.water - ·103 , .• 05 - 0. 038 0.37 -
12 3. ~ C6. 7 + 'It\ 8t"{'/24 h 2 67 0.6.5 1.30 o.98 9.5 9. 1 C,'til 

13 , .~ c6.7 •• !!els.dint. water - 108 - ... - - -
14 3. "1 C6. 7 + rt1, 8riaJ21._ h 3 76 0.5 ·l . _::; 1 . 13 9. 1.,. 9.4 \\ -

Nam.: c6. 7 = co.aein solutions at too indicated concontrc.tions o.t Jftl 1. 7 - -H 
l\ e rennin 

24!1 = time in hours 

Rennin concentration indi.~ted h.:.'10 been callp8nsatcd for oclt concentrations 

------
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Rg_su],t~, 

Values 'for peroezmtage (of total) phoaph:>rua liberated g1 ven :ln 

Table VI have been plotted against oaaein oamentration (,i) in Figure 5. 

Between 1.$b to J.~ casein conoentration (E:S = 1:37.5 to 1:87.5) 

the phosphorus liberated var.Les little between 9% to 11%, but between 1.~ 

and o. ~ oaaein oomentration ( 1. e. E: S zz 1 : .H. 5 to 1 : 12. 5) the phosphorus 

released ms ppne up f.rom 111' to 1~. The slope of the ourve auggeste that 

not mre than 1.5fo to 1?~ of t he total phoaprorus in casein ll'Oul.d be released 

by renru.n action. Although the graph bas been drawn as a ourve, it is quite 

possible that points 'a', 'b' and 'o' (see Fig.ire 5) are on atra.ight lines 

-with a 'break' ooourring at point 'b'. I.i' the values unaorreoted r-or 'the 

corresponding blank are used (and this may be justi:iabla in view of the 

zero blanks obtained in some inatanoe.o), the points on the ~ph tor casein 

oonoentratwns of 1. ~ and hicJ;ber y;ould be nnre nearly on a straight line, 

with the exception of the 2. q1 casein level whioh appears to be a.dventi t:ious. 

Using the ~ orreoted data and stra.iejlt line plotting, the mnuuD release of 

pmsphorus appears to be about 17/4 of the total. 

It is inter,sting to rote that the 24,-hou;.-- ourve in Figure .3 

(Expe~,_,,..t f;) represents an extension of this expsrimen t into the more 

dilute en.z3J11e:subatrate ratios. FisJµre 5 'a' represent• a ocmbined ourve 

tor values obtaiMd in experiments 5 and 7 reapeot1 veq. The general alope 

of the ourw for the lo•r ensyme:subat:n,.te ratios h88 been drawn aa being 

alightl_y more steep than 1nd1oa tod in Figure 5, but the overall picture 

presented remains bo.eioally the s..e. 
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:;.,10 Ette9t fl a J:lut'i'or gn tho ?,pQ~tAA,c Acticp 

!;#RenrdnonQ¥e1n. 

t aken au odo\!.w.t o for the pmposo. ~ iiI or tho col utiono efter 21• 

hours ' rouct:i.on with rennin gencrall_y dl"Oppcd !Tall 6. 7 to 6.2-G. 3, wlt.b 

tho f om.-,.tion of n proclpito.te of cancin. 

rn this ax:perillorrt, r amin ,Jnn dissolved i.n a vcronul.• 

ncet:ito b't.tr-£cr ( 87) ~t p l 6. 7 bef'ore addit i on to the reaction tubcn t n:~ 
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TABLE VII; 

'.i'llo Effect ot a Butter on tho Phoopbata.oe .Action at Rennin on Cru:reiD 

% P205; Corr"OOtecl P205; % P(of total) ~ P oar1'eot4N 

S811}>1e Reaotim 
Dilution Trana- cr/100 cl.a. 

tar 1IJf/75 aJ.s. 
libero.ted. tc,r ocntro1 

te.ct.ar dilution (0.7g.oo.ae1n valme mioBion has 12 1118 ot 42Q'lµ P20r:. ~ ) 

1 , . ~ °'•7 + ;a1.s. c11ot. - 106 - - - - -
2 

IP v.itcr. 
;.'-' c6. 7 + Srag/2.411 ... !iJJ.D.&t. ., 75 0.52 1. 56 1. 17 9.6 9.8 

rotor. 

' 3. ~ 06.7 + ;2:). butf'cr - 101 o.oo - o.06 0.5 -(6. 7) 
1+ 3.~ C6. 7 + ~ Bag/mi+ ~ bu:ttor .3 73 0.55 1.65 1 . 24, 10. , 9.a 

(6.7) 

l!m!,: c6. 7 a ooaein soluticns at indicated oonccntraticn at pH 6. 7 

IP :a rennm 
~ = ti.mo in hours 

Rennin coaocntro.ticn imicatcd bn.o been compensated for scl.t oonccntmtion. 

-------
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It ;ppeora f'.ra:i Table l t inooi-porotion a 

tab· 

rele ~oa. on 1~ one exper.t.ment , "t le -c:t 

it indi .""icr, tha.t no g!"or-.. t d 

;) 
.• ~ notion tube, ·-.x to:i.' nl>out 

,-.cgu: .. ·"' tho casein, A -re.. ·~vc :;r- .. n ere exposed.. Ix' 

a ilecular bridge) uld h.-rve been :ruster,an the 

pr cipi to de lopmont •J.cb quiclror ~or; ob:~ in the _ n tuboo 

i 

O< J ond. (3 c:wcins 

(.54,, 75) 
i~tiv. to 
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The Phoapha.taee .Aotion ot' Alkaline Milk 810 plpllpnoesteraae 

on C sein. 

In Section II, Experiment 2, it was shown that the phospho­

mnoesterase had little or no effect on the release of pmapoorus :from 

casein. Further, it was tbund that rennin had no phospbatas activity on 

the synthetic substrates , wherea the phosphom:moest raae s very active 

(Section Il, xperiment 3). 

Zittle and Bingbun (B9 ), 1D ever, have rep>rted an 80J' 

dephospmryla.tion of casein with alkaline mi.llc phosphatase prepared by the 

method of Zittle and Della onica (9o), in direct contrast to the finding 

in this stucy on the phosphoIOOnoestera.se preparation prepared by the meth::xl 

of Morton (4.2). Z1ttle and Bin~ also reported that the greatest activity 

of their prosphatase prepa tion lay between pH 6-7 in contrast to over 

pH 9. O, mnm.lly expected for this enzyme. This surprising report made it 

1mpe:rnt1ve to study further the tion of the mnoesterase on casein. 

Experim nt 9: 

tion of Alkaline llilk Phosphomonoest rase on 

Ca ein uaing three pH values. 

A }. ~ oa in solution at pH 6. 6 was prepared as previo l,y 

des:,ribed. It B divided into three 140 ml. portions. 

under:-

oh w tre ted aa 



p 

l?ortr C: 

- 8.} -

.4\tld · O., 7 ml .di tillot1 t7n.te • 
plus 

1 .6 · . l H&l.'1 

tiUotic, rd.sin, 

= 6.G 

Final pl ::: 9,. 5 

inste or ed previo 

of the poo ·blc !nhibitO?Y etteet or oarbonute ions on th 

e tor· (J'.• 1, · tho this 1a.s the - "'~or un in th ch.-:u'fc·"'1,.n->,..,. 

uJ.:.!.c;;1 ,,:mo ~ r t..:.,::;e test for milk (84.) • 

solution ( .:,tr.xi ~ lution bed 1 3 Ilf.-{!1/'i CO ou.;.noluti ). r 

xi c.tcly cmcen,;n:. t:..c:1 a" f in tho · ~act_on 

wa.A,,1.,1,,u.w ••c,;ivntioo of the eneyme (l,.2). The n:J lj.tion IAgCl~ roducoc. ·:00 

· C · ptl 6.05, 7.35 and 8 75 cyootiv ly .• 

6 

to r;J.ve a.n trate ratio of 1:115. 



Sampl e 

1A, 1B, 10 

2A, 2B, 2C 

3A, 3B, 30 

l+A, 4B, l+C 

.5A, 58, 5C 

6A, 68, 6C 

7A, 7B, 7C 
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TABLE VIII 

The Acti on of Alkaline Mille Pho~homonoester ase an Casein using three pH values 

..2£!· 

-

Reaction % Transnis s i on 
al- 4 ;io m,L( 

! B C - -
+ 5 mls MgC1/6h 110 110 108 

+ 5 ml s MgC1/2lih 109 110 108 

C + P , 6mg/1h 108 106 107 

C + P, 6mg/2b 110 107 HT/ 
C + P, 6mg/6h 109 108 107 

C + P , 6mg/12h 109 107 105 
C + P , 6mg/24}1 107 108 106 

1- 7 = tube number 

, B and C = reaetiCllS at pH 6. 0.5., 7. 35 and 8. 75 respective ~ 

1h , 2h,etc. = time in hours 

P = alkaline milk phosphomonoesterase 

% ( of total) phosphorus 
r eleased from casein 

f neglidble 



Results: 

Table VID: shows that there is no obvious release of phosphorus 

from casein at fue three reaction rH , even o.t the end of 24 hours rencti on 

with ttlO phosphomonoesterase, inspite of adding Mg++ and not using the 

carbonat e buffer. The pH (initially 6. 05, 7. 35 and 8. 75 respective'.cy in 

tubes A, D and C) dropped to 6.o, 7. 15 nnd 8 . 1.5 respectively). The drop 

in pII without a corresponding release of phosphate indicated that it ms o. 

denaturo.tion phenomena VJ:i.th the unmasking c£ o.cidio groups. Somo 

precipitate had f ormed after 24 hours reaction, mi.ch ogam could be 

explained by dcnaturation f ollowed by aggr0go.tion1 particulorly since l g +-+ 

ions vrer e present. 

It was decided to repeat the experiment using higher enzyme 

concentro.tions and reacting for longer times . 

Experiment 1 Q,t 

The Action of ilkaline Milk Phosphomonoesterase qn 

Casein using a Higher E: s rp.tio ( 1 : )!,-.5) and Lo~r 

Reaction Times. 

The techni e used ~:I m:l J or t o 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 th phosphomonoesterase was ded to give 

an yoe;substra.te ratio of 1 :34. 5. esults are ven in Table IX. 



Sample 

1.A 

2A 

1D 

2B 

1C 

2C 
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'Ml:LE :ex 
Tho Acticn c£ Al.knl.inc Hilk PhoSJ)hmf!)08stero.oo on Cq,gcln 

usin.<1 o. Higher E; S mtio 1: 3h,5 and long.er l3gD.cr»tgn T:h,1,e. 

% 
Ro3ction Trannmiasicn 

nt 420 DJJ.. 

C6. S + 5 tiln Ur.Cl/~ 100 

C6. 5 + P, 2Cklz/54h 98 

CS. 3 + S cl.o .Ut;Jl/51.b 97 

ca.3 + P, 20cg/54h 94-

09. 6 + 5 olc.U~/54h. 93 

C9. 6 + P. 20:.._f?J'~ 95 

!2m,: C = co.ooin no.1.utiom 

6.5, 8. 3, 9. 6 = pB values 

P = pbocphmcmocsteraoe 

5t,h: tine in hour& 

P205 ;; 
cid100 clc. 

0. 10 

0. 13 

0. 15 

0. 2 

0. 22 

0. 18 

------

P205; 
mg/75 lllo. 

%1' (of t.otnl) 
liberated ( 0. 69 g 
c.:ico1n bac 11 . 8 CS 

...... P205 =) 

0. 075 0. 63 

0.098 0.82 

0.113 0. 94 

0. 15 1 . 25 

0.16.5 1. 38 

0.1 35 1 . 13 

"Phospborua 
relcaced - ClOrl"ected 
far o:ntrol values 

-
0. 19 

-
0.31 

-
-
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ts: 

I ent fr Table t littlo phosphoN 

from -....., ....... ~ .. by tho --"'-homonoeateraso. Tho 

at i value be explained by le.b1lity o£ tl 

110:::0')l'lC,-:PJ:'Oteina in alkaline --....t"ion ( 86) . 

In ca... 1n colutian incubo.tod · 1 

tobo no 

ch 

ai'tor 48 hours reo.ction o.t 

di• . ooi , p-nitropheeyl phosphate. Th 

of phoophatase tivity o.t tho :nd of houro, 

t · c cn.~o had not been destrqyod. in the re ti 

• 

In r\ further experiment , co -1 i t .La ap ..,_......_.tin[; 1!0...,0 f' 

Zittlc w. 1 Di l'l{;h,.'.:uD ' o (a9) were employed; noi::10:cy, a imiJcr en..."'Ytlo: -~ o" .... to 

t t buffer (B7) at tho .,. c cancont t1 o.o :l.n their 

exp01··J.cant c c. pH of 7. 0. Conoontro.tion of magncoi i ~ tin ... o.loo 

imilor .. n\y the method of pho harus ctcrr:Jination f crcnt. 

liowev , id.enc of phosphoru libero.tion was found th thi pl 

monoesto p '[pr tiOl'), oompared to the finding of 80fo dephospbo:ry ·l;ion 

by Zit"'lr: n£. :Singh (S9) . 
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Disou.saion 

'fflE ACTICN ~ mm AND ALKALINE MlLK 

PH03ffla(CNOESTER.ASE CN C.ASEIN 

Experiment to da.t have established the releas of abc:ut 

1.5}& to 17/o phosphorus from cas 1n through the action of rennin, but no 

release of phosphorus was evident thrrugh phosphanonoesterase action. 

Purified rennin did not hav phosp~t e action on synthetic substrate, 

such as di-sodi p-nitropheeyl phosphate and glueose-1-phosphorio acid 

(di-potassium salt), wherea the pbosphanonoesterase was extremely o.ctive 

on them. Commercjal, rennet had some activity - this as not wiexpeoted, 

since it is possible for contaminating enzymes from the calf' mucosa to get 

into the rennet d ing its commercial extraction. 

The reasCllS far the inabiliV af the phosphanonoestera e to 

release a.iw phosphorus, as ccmpared. to 8~ dephosphorylation of casein 

attrib.lted to this neyme by Zittle and Bingham (B9), are not clear. Thes 

workers used en enzyme prepared differently (90) from that of Morton (1.i.2 ) . 

Commercial rennet s used tar precipitating the casein fro skim-milk 

it was quite possibl for sane rennin to have been co-precipitated o.long 

w1 th the pho,~-,onoester • However, at th mo t, this would accotmt far 

only 2 to 21% of the phosphorus reported by t.h (a9), it rennin libero.tect 

a ll~Ul\l!III of 1 t.rom oasein. It is, however, unlike~ that rennin oontaminatiOJ:l 

would be high enough to acorunt tcr even 20J' or their reported tigure. 
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Tho other possih\liV ms that the two enzyme prepa.rationD 

were, info.et, tno di:f'terent enzymes nth difterent specificities and arc 

prewnt, o.s ouch, 1n milk. ~ a ct~ of tho two enzymes together vlOUld 

confirm sud1 n aupposition. 

Co.ooin treated with alkaline phosphmonoesteraae £or some hours 

and then procipi.tated with \81Sdium mo~bdate TmG observed to gtvo o. deep 

yellow proa:Lpite.to. The vanadium m.ol,ybdate roaeent cootains nitric o.cid, 

and th:10 o.ai.d ia ~ to react with aranatic wino ac1ds to g1 ve o. yollol.1 

colour or yo.1bv flakes with proteins containing aromatic mi.no acids (92) o 

A rennin 1%-oo.tea. caoein or casein by itself did not give a yellow precipito.te 

unless boated at ;o0 o for halt an hour or so, 1n contrast to the yell.oa 

precipito.to obto5necl immediately on precipita tion of phoapbcmonoesterase 

treated cnooin. Thi.'l wa s possibly bec:luse the ni tdc a.eid in the vonodiw 

mol.ybda:te rengont had quicker access to the aromatic amino acids in tho 

phosphmanoeotoro.oo treated casein, ao 00!:lpa.recl. ld. th the rennin treatod. or 

untreatod cc.noin; p erhaps ttlrough s orr..e eydrolytio actia,. associuted r.r.2.th the 

phosphmcmoczta:rooo prq,aration. It is not knaml whether the relonoe of the 

aromatic adno acids through such an action, either tree or associa.tod with a 

soluble peptide, wna tho cause of the blue col.our vhicb developed in Sll!ZS!'' s 

met.bod ( 91 ) , no usod by Zittle end B~ (a9) f'or pbospbarws cleto:rtlw.tion. 

The e.r<l2_a tio am.no aalds ore knC7i711 to give va..""!l.ed colour react1cms (!12) with 

acaewba.t nimi 2Alr re:1genta as used in tb1a method ( 89, 91 ) • However, no 

aatisfaotor-y C..JPlo1ntion can be g1Ten tor the completely ocntraetina rosult 

obtained 1n this st:ua.Y, aa ooapared to Z1 tt1e end Bingbm • s tinlirl{t. 

Kalan ond Tella (93) ho.ve, however• 1nd1coted en 85' 

d~la.tion ot llhole caaoin, using calt inteetinal muooaa acid 
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pbo~ataraso,'lmiah was 1n gcnerel ~ent with Zittle otkl 

Bingham• e finding ( 89) basod on tho use at olkal !no milk pbosphotimocatcraoe 

which, ~, had shom greatest activity on oaoein at neutral pit. 

SuapathlaDar et al. (92..) have reported 5~ dephoophm-ylation 

of whole caooSn w:dna an acid wz'0"'1)hosphntaoo frolll soya bean, and 

Sundnrara.)an and Sarao. ( 95) depbospborylateci ,-.hole ooeein to the extent of 

77% using o. pl~e:1n phosphatase (acid) £ra.i rat tissues. ~ 

eneymo won e.cti.ve cm phosvitin (phosphorus as mcmoester), but notcn 

/3 -g]JTcoT.'Ol,ihon,Phate, ao the mw.ct nature of the ~e 1a not clear. 1btJOC 

resulto · . .ere ~..able to Zittlo and Bingb.am' a (S9) ·dlich inili.cated that the 

pbospham~c preparation used 1n this otl.lzy and prepared by the cothod 

at Harton (42) 't7D.c a. dif'ferent eru:,me to Zittl.o and Bin,ghem• s prep:u-ation, 

although it o.c+..cd rapidly on fG'l'lthetio substrntoo, such ns di-sodium parn­

nitropheeyl ~te, and behaved as a nanocsterase. Overall reculto f.'ra.J 

the action of pho:.-':phntases an casein op_peur o onfusing. However, the resulto 

obtained by ell tho above v.orkcrc did not account tor about 1 ~ to 20,; of tm 

total phocphca..,..is in casein am it vms on this that reoults d th rennin in this 

s~ aasumo si.ga:Lf'1cance. 

In th1a o~~rennin was toun:i to liberate 1~ to 1°' of the total 

pho~ in cnso:in, '1>.1ch appears to rosist the action ot pbosphataseo 1n 

Perlman (S
6

) indicated that 4<f' or the total phospbarua inO(- eaccin 

waa linla:d a plwepboamide dieeter with a l-P-0- bond and Dyachenko (.,,) 

poatul.D.ted a. pboqphoamidase action ot rennin on cauein tor clottb,a to occur. 
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the olecule than those 

Se lV; 

:1:0 tudy the mposure of erg:!.nine guenido group on cas in, 

dW to rennin aoti , the Sakagudd. te t (9'2,, %) tar arginine leetea. 

The te t n SPe<X:l.1"ic tor arginine and, mai--enLtAP, oit'ic far tba 

guanido ~ ( 96). It involved the addition of sodium eydroxid.e, o. ,; 

solution -ooataining arginine men a deep red colour developed. 

at 

A 3. o casein solution (Jfl 6. 7) ·ri prepared, a des.cr:tbed in 

Chapter IX -,w.1.1oi1 I. To a all porti ~ quantit:le 0£ 

added. A red colcur deve1oped 

st on the casein 

phthol 

a 2.SJ' c se1n lu.tion (20 ls. 3. + 

= casein l.utian - nt ), 
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0. 5 mls. 1 U 1:oen to obtain maxitlum oolour development. !rhe rea.etion was 

done at ;iff'c. After ooveral oboervatims, tho f'oll.owing prooed:uro VmD 

adopted:-

1. 2 mla. of a 2.SJ' casein aolut:lcn (pi 6. 7) were takffl 1n 

omall colorimeter test tubes; 75 mm x 15 cm held 1n a 

Tm.tor bath maintained. at :;a0c. 

2. 0 • .5 J:1le. ot 1 N NaCH was 81:!d.«1 • 

.;. !fho aJkal1 va& followed. by 0.5 mls. of 0.1% o( nciphtbol 

in 70J' alooh,.-,l. solution, on1 

Stock soluti.ans of Q\ • naphtbo1 and oodium l\YpochJ.arito wcro 

held 1n cl.ark bottles inside cupboards end tomn out only men neodo<l. 

J\fi.or colour development at .38°0, the tuben ~ taken ~t o-£ 

the water bath am all.a.Ted to oool on tho.ir o:m to roon temperature. 

Perccntaao trm,:;im.,ssion was reod m tho Boelr:m.:m MOdel D. u. Sp~ter 

about½ l10ur to 1 hour ofter colour TmS first developed. Thie T/38 to alJ.mr 

maximum colour dovolopment. 

Selegtign of apt:lmum wavelength 

!the -.velengtb at ,mi.ab iDU1t:lum v.bsar:-btian of licht ooc:urrod 

tor the obovo ttvotem 'ffl.US :found to be 420 ml,J.., relative to 41stillec1 ,mter oot 

at 1 oq1 '~ll'W:110:don. 
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tem · r bub to sti to 

th cells ccn a.f'f'ect 'De':l"O;;!rlt1'.ltto 

I t found "·""-".nn:t to invert the rlc tho 

bubbl s , l3 the reflecting en tor tald.ng rc•u.w.1o,at·,.., bl the 

(a) 

(b) 

:r: ti 

1 

,.. . ted ond rennin tre t · onscin oolu · on indica.tcd 

"ntage -~""'LliSsi in tho .V~IUU.,1' ,,_.,_,_ ,.,AR U~"W!U..Vo 

mis i n could haw 

Dwn.-.c,_~.,oc.1 opnaity of the casein so.1.uti due to nnin -ct~ • 

ols~ re th.at re • n.ction incre .., the 

opo.c ... -',-Y -~ 1 ca\.1S<Ju the entu.al r- ti.en of o. recipi ta a...r.. 

tl . ~ 24 hours in 'the roo.ction taboo. 

our development in too s !.l chi %'ee.otion., to 

~ gunnido orr.i,tmn err'.in:1.nt: on the 0ru3e-in 
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Tille qt rennin trea;tment 
Control 

4 hours 

2.l+hauro 

Tho experiaent 1ndicatocl that the opaqueness was o. earultont 

factor. ,.hcthor e. casein solution waa treated ,tltti rennin or not. TlliD uno 

evidently ctie to the solub:ilizu,g action of sodiuo l\vdroxide wsed in tho 

Sako.a-uchi 1--c.-:wUan, even on tbc oas01n p1"ccipitate wh1cb f'cracd o:t tho end 

ot a 24--hour reaction w1 th rennin. The mm.icod decrease in percentage 

t:ro.n.suaGion of tho colour developed rennin treated semple, obn...."'l"Ved ear liar, 

must havo boen dw to increased colour devolopnmt, ratber than incl"'Ctll.ed 

opacity. The ronult was autticiently ~ to puroue tho ru~ttcT rurther. 

It 't"r.:l.S not poosible to~ the caee:in by precipitation an 
measuro th~ colour in th, olear supernatant, umce arginine w--~ not rolotlSOd 

into so1ut1o.n b.r 1-cnn1n aoticn, but recn1neu uttaobed to tm P -.....~in. ~s 

was cleDJ.•~ imicatcd vJ>.m to the red coloured casein solution 20;~ triohlo:roootic 

acid WWJ cdded to precipitate tho protein. 7:l-.e supernatant wao oolourlc:is, 

mereaa aw precipitate ffll8 a yel.lo.7iah colour. ibe ~t ~ a rann1n 

u-eatcd ~c toiJted by the Sokagudu read'vion inli.oa.tecl no large ool.o 

releuo or .t:roe ~ne. 

tpbility gt tbe col¥ devcl.ge1 

Colour waa developed in a 2. {t5 casein solution l?Y the tbod. 

describecl OArlior, end d'ter varioua time interv-81.a. peroont;ege ~aim 
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5"! hrs. 

1 hr • 

2½ • 

le 

½ hr. 

les 3 

re kopt 

~ 

100 

80 

:i 
direct . t 

of rubber cark:s pri to 

··n the Beckman Spectropho eter. This tec:llnigµe 

. . 

, 

utton 

mls. of a 2. 

ter; the pl sol.ut1an 

( t e X). 

6 



Tube No. 
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4, 
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TAJleE x 
Plotting ot o. Cn.'libration Curvo for .Arg1n1ne 

Arg.in1no solution added (mls.) 

end .Arg1n1ne ~ (cg. ) 

-
0. 2 ml.a. ( ; 0. 2 qg.) 

o.~ l:11.s. ( = 0.4 mg.) 

0.6 cila. ( = o.6 mg.) 

o.a m1s. ( ! o.a mg.) 

i .o Ills. ( ~ 1. 0 mg. ) 

Distilled water 

added (mls.) 

1 

o.a 
o.6 

o., .. 
0. 2 

-

% 
Trenemiss1on at i.20 a.« 

A :B 

100 100 

86. 5 88 

n 77 

66 6,5 

52.s SB 

l+2 49 
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quali& volume a in 11 the tube , followed by th ~agents din the 

Saka~hi test, in coment tions and volurnea d aoribed iier. Total 

volume in the colorimeter tubes -w s ,5 ml • .Peroenta tnm . a1on - • 

re d huf an hour after coloar developnent at 420 m.l( in the ~okman l 

D. u. Speotrophoto 1;er at room temperature. C e1n eolution • us in this 

xper en t to get the 

aotion of rennin s tested.. Results fro duplicate experi nt a.re given 

in Table X. 

Pero ntage transmission v.ias plotted against mg arginine added 

(Figure 6). Althoue;h there wa. some variation in the peroenta.ge transmission 

fi~s, the line joining the plots wa taken as ari 1ng the origin, i. e. 

1 ~. and a straight line waa drawn as being a reasons.bl r presentation. 

EJwrl.ment 13: 

Rel e of Pb:>aphorus and eXJ:Osure of Guanido Group of Argi.ni.ns 

during Rennin ct:l.on on Casein. 

A J. c ein solution (20 mla. ) at pH 6. 7 was reacted with rennin 

(enzyme: substrate = 1! 87; 5) which was a.dded as a solution in 5 mls. of di at ill ed. 

ter. Tubes re et up in duplicate - one for pmspmxu1 lib ration and th 

other for arginine exposll"e atudles. 

Reaction involvin ph:>aphoru studi s wer atopp d, as previously 

described in van di.um mlyb te, and th colour developed 

Beckman del D. u.s ctropbot eter t 420 m.u . 
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A: ~ rsa+med !ii'f -.I 

Exposure of Guonido Groups at Arginine a.u...~ Rcnm.n .Action on Otlsein. 

No. 

1- li. 

s 

7 

Dilution % P2o5 !! 
Tranmissian mg/ f'actor at 420 ml( 1 OCbls. 

06.7 + S cils.ast. -oo.ter - 100 + -
c6.7 + i1 &3/1h 2 93 0. 22 

c6. 7 + 'It' 8tw2h 2 80 0.43 

c6.7 + R" &.u/4b 2 70 o.60 

C6. 7 + R" 8md24b 2 6o 0.76 

. 7 in solution a' 6.7 

l!: rennin 

1h,2,~,24h::: 

.1wnn.11 concmtrati 

in hmlrs 

indicated llavi 

--------

Corrected p O 1; mg.Pbospharwl 
tar 2 .5 l.tbero.tea/100g I"el.Oa.cea/100 g mg/?!;nls. dilution case!n -
- - • -

0.44- 0. 32 20 6S x 1,0•5 

o.86 0. 65 41 132 X 10- !, 

1. 2 0. 90 5' 180 x 10- 5 

1.52 1 .14 71 230 X 10• 5 

for sclt content 



-99-

B: Arginine· !J'POl!!Cl TA1LJ3 XI ( continued ••• ) 

Relcnso ·0:- Phosphorua ant Bxpoourc at <'-u::m:ido Groups ot Arg1n1.no &Jr1ns Remd.n .Action on Casein 

~ 
No. 

1A-- U 

5A 

6A 

7A 

8A 

9A 

10.A. 

~ mg. arginine 
Beactiari franmisaion eiponed/o. o56g 

at J.,20 ml( co.sc1n 

06. 7 +· .$Dle. dift.170.tcr 100 -
c6.7 + IP Smr/1h 76 0. 41 

c6. 7 + r' 8mr/2h 72 0 . 1,B 

C6.7 + -zll·8r:;JI~ 68 0 .. 5.5 

c6. 7 + if 8mw2Ui 61 0.675 

c6. 7 + i1 Smg/t,llh '2 o.Gs 
06. 7 + 6. 25 mb .. 1Il He.CS + 102 -

JP 

mz!!.: 
C5.7: 3. 5% casein solution a.t lii 6. 7 

rt1 ·= rennin 

1l113\l,h,2lth = tiJ:1e in hours. 

mg. arg1nine 
exposea/100g 

UolC3 ~ 
CXJ?OOOQ/100g 

cunein ~ 

-
- -

750 420 :i;: 1 o· 5 

86o 500 X 10• 5 

980 56(} X 10""5 

1210 700 x 10~ 

1160 670 x 10· 5 

- -

Ilc:mdn c:onoentra.t1.ms in:lico.ted havo bean compensated for sel:t contcn t . 

Ratio tioles arginine ~ 

colee 'P' released 

'i = 6.S 
~ ::: ,.a 
132 
560 = 3.1 m 
700 = ,.o 
-an -

-
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I..U 
.J 

P:A=l:6·5 

p,A~/,3-/ MOHS""""'"' f>'OSfP s 10' 
~ 

( , 
MOLES P J\fL£ASE J> X /0-S 

fl G.] RELEASE OJC PHOSPHORUS A /\1 D EXPOSUR E OF 
GUAN/DO GROUPS OF A RG ININE DURING REN N IN 
AGTION ON CASEIN 

2 Z 6 * 1b, - -- -- -,2- --,4 ,i 
(_E: s = J : s 7· 5") 

8 - zo- 7.2 - - T~ -J,z;r Tr M i:- /1-! Rc;:) 
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In reactions involving argi.nilt studies, 2 ml.a. of the reaction 

mixture were taken out at the appropriate times (reaotion time same a:s :fbr 

ph:> phoru liberation tudie ) and pipetted into oolori ter tubes containing 

o. 5 mls. 1 N NaOH, which stopped rennin action immediately. 1 ml. of distilled 

water was added (of. standard arginine ourve, 'fable X) !llld this was followd by 

the reagent used in the Sakaguchi test. Colour was developed at 38°0 and 

measured in the Beckman, as described earlier. B roents.ge tran 1 sion figure 

were related to the ar~ standard curve and mole;:. a.x·g:3.nine expoaed/100 g 

casein was oalouJ.ated. ole phosphorus liberated/100 g casein have also been 

oaloulated from the standard ph::)sphate curve. Results are shown in Table XI. 

Result_s: 

Moles pb;)sphorua released and zooles arginine exposed,/100 g casein 

calculated in Tabl XI were plotted against time (Pi~ 7). 

Specimen calculations a.re given bllow to indi.oa te row the figures 

were arriv d at. 

(i) lea ' P' :released at 1 hr. (No. 5 in Table XI). 

• • 

• 
• • 

• . . 

62 Hloaphorua relee. d • 0.32 x142 (31 e.nd 142) re taken as the 

m::>lecular-weights of phosphorus and P
2
o5 respectively). 

•p• released mg/100 g casein = ~~ x 0.}2 x ~ = 20 mg • 

Moles •p• released/100 g casein = 
31 
:~ • O. 00065 = 65x10-5m1 a/ 

100 g 
casein. 
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(ii) Lfol II arginine exposed at 1 hr. (No. 2' in Table XI). 

mg. g1n1ne &XJ.O d per O. 056 g casein ( from tand&.rd curve) ::. 0. 4-1 

• . . 0,4:1 ~100 • erginin exposed/100 g casein • o.o = 730 mg • 

• • 
Al 730 mole arginine expoae..., 100 g casein • 174cxx, = o.~ • 

420 x 10-5 /100 g casein 

(mleculal'-weight of arginine taken aa 174.) 
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of phosph 

~ -"" crginine expos of 1 : 6.5 

1 2 0 t the end of 24, hours, 

i'he percent a t or argfn j ne th 

tian. ~!r'V'en in tho 

$ .Q.!Qlt.gwOEll. t est resul ts The ~nt 

74-,-81 , 

in f 

to renn:J.n ,itta af'ter 24- hours (F-igur 7). It we.a to. in Section II t 

1 to 11' 

Fifteen 

P/ 100 

tbe total phosphorus in in • b rele by ennin _ .......... ,.. 

mg. P/1 00 g c~1..i1 er J60 X 10-S ... -v..i.u~ 

oat 2. 0, 10'\7 

CXJ;C°Junent 13, it 

400 x 10· 5 =:~,.:; f.l•l,J,ll..,l,il&L,illt:✓100 g 

to :tn th:lB ax;p1e,r.1aez1.1i , 

,~ 

, 



Tube No. 

1 

2 
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7 
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TABl.f m 
A..~n1no Guan1do Groups axpcsed on Caocin in the tirst llotn- or Rcn."lin Actic:n 

C6~7 

CG.7 

c6. 7 

01.7 

cG.7 

cG.7 

CG~7 

n.ara: 

% 
React1m Transmission 

o.t 420 • .L.< 
- ~----. - - ·- - ---

•~ 5 mls. dist. water 100 

+ RH Smg/5 minut.ea 95 

+ IP Bm.g/1 o 111nutee 91 

... IP Bm&120 m1mrtea C7 

+ If Smg/30 mmrtcs 82 

+ xr1 Bmg/45 minutes 78 

+ ri-1 eag/60 mimatea 74 

06. 7 : 3.5' casein aolution at rll 6. 7 

i' = rennin 

-
:i.1-~ 
eipoocx.1/0. 0.56 & 

ng.~ 
e:1~100 S 

cwein cace.ln 
_..........,._. _ ____.. -

- -
o.oo 146 

0.15 268 

0. 22 394-

0. }1 5.55 

0. 375 670 

0.45 805 

Rennin conoontratiana indiroted have been ~tod for a~.l. t content. 

Doles~ 
mpon 100, 
oaae1n 

-
84, X 10•.5 

151.- x 10· 5 

~, x 10· 5 

320 X 10• '; 

3i-36 X 10• 5 

4'0 X 10• ,5 
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The toabniq1le was tdmSler to the one described earlier. 

ho ml. partions at t.he reaction IIUture (20 lllla. 3.,r; casein + 8 Jig.rennin 

1n 5 mls. tistUled water) were talmn out t appropriate interval.a anil 

pipetted into colar.imoter tubes cm+.ain1ng 0 • .5 ml.a . 1 N NaCll and 1 ml.. 

dhtilled uater. ~ colorimeter tubes were then trens:f'erred to the ;;8°o 

water bath arid the red colour developed with the Salc&.guch1 reagenta. 

Pe:roantoge trt.:-nam1ssim vas read ~or the sempl.es as described earlier. 

Em\Ym,e: substr-:~t.e ratio was 1 :87 • .5. Results are shown in fable xn. 

iwml,ts: 

Values ~or moles arginine ~1 00 g casein dur.Lng the 

first hour or n.xruun action on casein (Table XII ) was pl.otted against time 

(Figure 8)~ ~'ven during the first hour, 'the reaction foll.a.?ed firot Ol'dor 

ld.netios. !rhis was pertioular~ noticeable ofter 15-20 minutes r&:etian .. 
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1"his stuic\, on the action ot rennin en casein iJldioe.ted. that a 

poas1.ble 1~ to 17}b ot the total phosphorus in casein was released by rennin 

action. Further, far every mole at phosphorus released, two moles of arginine 

eJIPeared to be exposed an the oase:ln molecule . Thia exposure appeared to go 

at a very muoh faster rate initially 'than the release ot phosphorus. Thus, 

the ratio of phosphorus released to argin:ln', exposed ( at the guan:ido groups) 

was at the order of 1 :6 ito1: 7 after 1 hr. (To.ble XI, Figur'e 7). The ul.tima.te 

1 : 2 ratio of phosphorus released to ergin:i.m exposed seemed to SJggest an 

-N-P-N- link on the casein molecule, i.e. two arginine residues linked by 

their guanido groups through phosphorus a.s follows: 

NB 0 NB 
II \\ fl 

- NH - C - N - p - N - C - NH -H / H 
CH 

There are two possible reasons which may explain tha low ratio 

o£ 1 :6 to 117 obtained init~. 

Plrs~ • l t ia poaalble tar rennin to break a -N•P- bond an one 

aide taster than the one an the other aide, pw:,:tliY an ateric ~ationa am 

'1Pe at mino acid residues attached to either arginine residues an the ea.s«ln 

aoleaule. 

J'urtber, it mq be posaS.b.1.e ter tbe Sab8""hi ~ to react 

wUb that gtmn1do pcq, cm 1IMI p-oaaein aoleau2e to 11h:ldl the pbo~o aal4 
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1a atill attached, in addition to reacting w1 t.h the g\Wlido iJ"OUp expoH4 

t~ugb the initial action or rennin. If thia 1a so - !\:>ller'a work <1o3) 

on a number of guanidi.ne derivative.a indioates that this 1a not 1mp0aaible -

the figures quoted for rroles arginine exposed in this atucy be.ve been pa.rtl,;y 

magnified for the initie.l atages of rennin action on casein and may i:artl.Y 

explain the very low l")Bpl'x>Na released to arginine expoaed ratio of 1: 6 to 

1 : 7 at the end of one hour. 

Alte:matiwly, or pcaaibly ooncurrently, aince the Sallaguahi 

reaction ha.a been oarried out 1n alkaline oonditi.ons, the alkaline hydrolyaia 

of the reuaining -N-P-link between arginine and the bound ph:>apba.te oould oocur, 

releasing the guan1c:b group tor detection. In the test, the p -oasein was in a 

solution of approximately o. 2 N NaOH a.t 38°c for a allort period prior to the 

addition of the other rea,;,;ents , for colour development ; and it ia known that 

the phosphate group 1n phoaphoprote1.ns i• labile (B6) to 0.25 N NaOH at 38°0 

and that the -M-P- bond ia leas stable than a -0-P- bond ( i04). 

The rise 1n the ratio of pb:>apb::>rus releaaed to arginine exposed 

from 1: 6 - 1: 7 to 1 : J. 0 at the end of 24 h::>urs is thr.ri ~s.rl.ld.ned 't:y rennin' a 

action of cleaving the second -P-N- l:ond, replacing ohemi.oal olea•ge of the 

same oond 1n the ~aguohi test, 1.e. th values given for mlea arginine 

exposed during the initial atagea of rennin action are parllJ ct.le to the enzyme 

itaelf and part]¥ ~ effects pn,duoed in the Sakag\¥)hi reaction, whUe 

tbe value• g1 ven tor the f1nal stag" ot rennin action are attribute.bl• Mi nly 

to the aotion o t the enayme. 

It ahoul4 be pointed out that the arg1n1ne atandar4 curve waa 

drawn uaing arg1.nine mnol\Jdroobloride t yarying oonoentratione, 11hereu the 

.. 



-107-

oolom- deV'eloped inf •ea.aem solutims and a:apare4 to the stame"1 wa.e 

dm to e.rg1.nine bcmld to 1tle ,P -casein molemle. The oolour intmlsity given 

by a tree arginine molecule need not :neoessaril.y be the aaae as that given 

by an ~ mol.ecule bound to a protdn. Thie point needs c:il.ar.1f'icat:1on. 

In smaation, theretcre, it appears that an -N-P-N- bcni is 

present 1n casein; 1he phosphorus linld.ng two arginine residues through their 

guaJd.do groups . The low ratio at moles phosphorus released to moles arginine 

mposed during th3 initial stages o£ rennin action~ partly be eJQ?loined by 

the oharaoterlstics ot the enqme itselt",am partly by either or both of the 

pseudo-ef'feots procluced in the Sakaguchi reaction discusaed above. 

1'lle 'Mlrk ot Dyadlenko ( 79) indicated that the basio gi-oops 

exposed l:tY rennin action on casein stem mainly from areinine, and results 

1'ran this st"Uly SJppcn t this view. 

It mey also be pointed out that no newo(•amino end ~ hn.s 

been demonstrated. an the /7•0a::ie:ln or?-k- casein molecules ( 72), due to rennin 

action. T1ds would ba expeot'9d if t!le :phosphorus was attached to guan1.d.o groups 

at either en:l, a.a suggested 1n this s~. Cleavage of either .P..N-lll'lks would 

onl,y m;pose guam.do ~s and not produce a newoc:'.-andno end group. 
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