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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 



- I+ -

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 
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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) • 
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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)) • 

• 




