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(MAvy D, CAMeron,

Summary

During a study of the oxygen uptake of vheat-flour doughs,
1t wes found difficult o distinguish between reactions
6atalysad by lipoxidase and similar reactions catalysed by
haematin compounds, All these systems are capable of catalysing
the oxidation of unsaturated fats and may also cause secondary
bleaching of carotenolds and other plgments, Valid compayisonsg
between the two systems yroequired the preparatioﬁ of lipoxidase in
o purified form and this purifleation was the purpose of the

present woxlk,

The lasolation of lipoxidase has been achieved in only one
recorded case, by a complex combinatlon of preciplitive and
electrophoretlc methods, This thesis descrlibes the application
of the use of ethanol as a precipitant in a purification procedure

for lipoxidase,.

A study of preclpibtation condltlions is veported, and arising
from the data oblained, wroutes of separation are described on an
oxperimental basig, Prom these gbudies and thoe experience

acoumulated, a simple procedure for oblaining a useful degree of

concentration of the ensyme is déscribed,

The procedure calls for experimental arrangements to permit
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working al conbrolled bemperatures betwoen Od and "50 with a
sufficlent reserve of refrigerative capaclty to rapidly dissipitate
the heat of solution of ethanol, - The bulk of the activity is
semoved in the fLraction between 30 = 45% ethanol and the

subsequent precipitate, wvhich is readily obtaineble in quantity,
ma& be further concentrated by conbinuous electrophoresis

H

at pH 640,

The conditions, required bo prevent undue losses, are shown
t0 be somewhat critical but given these conditlons, the procedure

gvolved ls simple,

Duying the course of thig investigation, a study was also nade
of the effect of lonising radiations on fabs os these radiatlons
appeared to show analogous reactions to bthese associated w%ﬁﬁwm
lipoxidase, A comparison was made of the effect of Berayn on a
linoleic acid -~ carotene system and on butter, It was shown that
bleaching of carotene did not requirve the simultancous oxidation
of dienoic fats, and thus there is no fundamental similariﬁy
hetween rediation effects and the lipoxidase catalysed oxidabion

of unsaturated fatse,.
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PRIDACE

The work described here ls pavt of a genorval
progpamme of pegearch inteo problems associated with
the uptake of oxymen by whoub-Clowr doughsa One

the obhjectives of whip programme ls 0 ingreape
our Inowledge of the eamyme Lipoxildase, and in
particular Go dlsbingwish botwoen Peacbions eatalysed
by 4t and similar reactions ootalysed by haematin
CORPOUnds

Valid camparlisons bebween the two sysbems require
tae preperation of llpoxidase la & puriiied fowm, and
thie purlfloation was the purpese of the prosent work.
Ag progreas was made, L4 Vecmme increapingly clear
thet the eriticnl couditiong of fGemperature veguired
for the separatlon of thip enzyme eonld be sehieved
only with difficulty and on o vory small scale using
the normal sourcaen 0f a blochewmlical laboraiory.
Phis thesis precents evidence dencastrailng the
Fenaibility and adventages of the method propnsed,
and reports o larger-scsle applicatlon of the method
walag speeial foellitles provided by a commereial
cold=storage organisatlion.

Puring the eourse of the lavestlgation the wirlier



had the cppﬁrtuﬁiﬁy %ﬂsmudy-far 2 short period in the
Vnited Btates of Amﬁwica under Professor Bernard B,
Proctor of Tho lMagsachuwsetbs Ingbitube of Technologyy
who is engaged on exbongive gtndies of the effects of
ionising rediabtions on bilological materials. Published
reports on the effects of these radlovions on fats had
shown analogous reagtlons to thoge associabed with
Lipoxidase. The writer carmled out o comparative study
of the reagtloas ilovolved and a weport of the work is

inclunded in this thosioe
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INEROBTCUTON

Lipoxidese i the prlacipal nember of a group of
enaynes collewhively known ag the uwsasurabed-Lal
oxldesess  Whille vhere bave Deen oumorous reporis of
149 ccouyarencs in o varlety of plent Gilssuesys the
lipoxidase of the soya-~bean ig the wosd aclive sourco
ao Tar reporteds There have Been several accounts
of "lilpoxzidagse" sysitems in anipal Wlesuwes, but recend
eritical studley have asplgned vhe actlivity of these
sysbems 0 hoemallne, in perticular o haemoglobin,
the eybochromes and catalapo.

While the ®fat oxidations calelysed by haemstlne
show remarkable mimilaritiecs Ho those calbalymed by
poye. lipoxidawe, theve ave ceriain essentlal dlfferences
hetween the twe gsystbens whon examined under ldentical
roaotion conditlons, ond there is no evidence o show
that soye lipomldase conbalng the charagberistlie lronm
porphyrin grouplag of the hasmating. Thore are thug
at least bwo clossen of gubstonces capable of cabtalysing
the oxldation of unsoborebted Fatsy and the wide~gpread
ocaurirence of haemating in plant bissuen ralses the
question ap 0 whother many of the effegts ettwibuted
o lipoxidase in plawh 4issues awve in faet duo o

haomating e




vl

The question is of more than academic inboerest,
gince prohlems spsociated with the use off soya in
wheat flour negessitate a distincbion between haematin
and true lipoxldase sotlvity in wheot which can, atb
present only be made with great difficulty and with
gome doubt ag do dhe valldlty of the resulis,

An adequate comparison of Lipoxidase and hagmatin
activity is dependent on obeexvations nade on pure
preparationss While puwiﬁied haemating can be Lairly
readlly prepared, the isoletion of Llpoxidase presenis
major Alfficulbies. £ in true thet one meport of a
succepaful igoletion hag been published, bul the
quantities preporved were not mufliclent for further
atudys nor has the isolation been repeateds Thip
thesls reporte sn examinetlon of the posplbilitles of
uslng ethanol ags g Lractionating agent Lfor the purie
fication of Lipoxidase, and preposes & simple procedure
for obltalning & ureful degres of coneentration of the
enzyme s

In the Litevature roview which follows, parsioular
account is taken of work published duwlng the past slx
years, since two anthopitaetive surveys have given a

*
detalled asccount of the field up to lQﬁO.l’d‘



CHy (CH, )4 CHaCHGH, CH=CH(CH, )gCOOH

. . ‘ v : . :
HCH-CHZHR  CHg(CHp )oCHCHCHCHMCHR ~ CHg(CHp )y CHCHaCHOHMCHR

CHp(CHp )4CHmCHCHWCHCHR  CHy(CHp )oCHWCHCHCHsCHR  CHz(CHp )4 CHCHwCHCHWCHR
o o "o
0 0 a .0
H g H B
. &y4 decadienal 2 octenal Hexanal

Holman's Chain Reaction Theory

Figo 1




Le The Properiics of Lipoxidase Lnzyme Systems

The Soyaw-bean hipoxldase lnuyme System

Soya~bean lipxidase oxidises wnsaburated acids
contululng a clis~glg pentadlene grouping with the

dounble bonds in the 9, 10 and 12, 13 positions vo the

B143516,7,8,

carboxy group The substrotes for

Lipoxidasge are, therefore, linolele, linelenic and
arachidonic aclds and thelr esbers. T isg xod
known whether physiologleal glpgnlficance can be
atbached o the specificity of Lipoxidase for theve
"epsential? fatty acidu.

. On oxidation by lipoxldasa, linoleic deld glves

absorption peaks at 254 mp which have bheen shown Ho be

. . . : . 0
indicative of the presevnce of conjugated hydroperoxides™?

9’10’11- Infrs red gbudlies showed that these hydro-
poeroxidas cousisgted of wwo lsomers, cla~btrang conjugated

and trans-trans eonﬁngaﬁeﬁlz. On allowing the reactlion

o contilaue fLuwther, esvbonyl compounds aie formedj
and breaks occur in the dhain of ‘the unsaturated mcidl"
Due to thisg Lormation of conjugated hydroperoxides

and on further oxidation of carbonyl compounds, Halman14

915

and Bergatrom sugcented that a chaln reaction

glndlar o avbtoxidation was btaking place. The suggested



R.CHaCH.CHp.CHzCH.R' + Lipoxidase -+ 05

R.CHaCH. CH, «CHaCHGR! 0p/
Lipoxidase
\ R. CHaCE=CEECHJCHR! <00
Lipoxida=e
| H
8 .
\R«CH=CH, CHzCH.CH,R* /
Lipoxidage" H
0

Lipoxi( R,CHxCH,CHeCH.,CH,R"*

Tappel's Reaction Mechanism
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ig complete inhibliion of the reaction abt high
concentrationsy but although the antloxidant ig belng
destroyed there is no Linpleals oxldwblanla I the

s

reaction wag a chain recelions Lt would be gxpached o
give conjugated producls in the presence of anbie
OxLAanbs. |

Phe simdlerity of the lipoxidase reactlien 1o

. . . . ;= i
haematbin-ootolysed oxidationd 290157 4

has suggested that
the reaction may be due Ho the presence of a metallic
groups.  However, gyenlde, Lluorlde, pyrophosphatey

4

azldoy pp~ochlorg-nzreuribsnsoate and dlethyldithio-

cavbannite do nod lohibit 1ip :i&mﬁﬁlo oid ne mebal hag
hoen found in bhe analysis of bthe puridied ensyme which
oould be actlong as an actlve ceantre ln the pmavclnlg
Mherefore, although both haemating and Lipoxidese ave
ahle to oxidise uvagatupeted Fatuy the mechanisms of
these reagtions apre not gimilar.

hipoxldase sywboms, o well s oxddising
ungaturated Fabby aclds, con canse gecondary resclbions
such a8 bleachiag of v&ge%ablw plgmentas Ag bas
already been reporited, bolth carobene and. Vitamln 4
are oxldised by 4his system bulb other carotonolds,
bizin, smanthophylis and chlorophylle are alsgo hl@aehedS?zo.

These plgmenty ave oxidised by some intermediuate




mﬁ@w

formed during the lipoxidesew-catalysed oxidabion of

6,20,21,22

linoleice and linolenide aeidsg When

plgments are pregent the degrec of pervoxidation of
fatty acid is reduced under comparable reactlion

3..? !.:21’},2{9 .

condlbions The lipoxidase/linoleic oxidising

systom has aleo been reported to oxldise other systens,

for example amino aaiasgﬁ and gluﬁaﬁhionea7,

Kinetics of Lipoxidase Oxidation

Tor soya lipoxidase, in the oxidation of Linoleie
acid at pi 9.0 the anount of diene conjugated was Lound
to be both proportionald o enzyme concenbration and

23

time Thae rate of product formation was Linear with

time within the limits of experimental methods Trom the
ingtant the engyme wag latroduced into the aububr&%el7'2@
The Michaelis consbant Loy comblnation with linolelic acid
wes le35 x 19*§M for soya lipﬂxiﬂaﬂelﬁq

In the coupled oxidatlon of carobtene by lipoxidase
in the presenece of linolelc acld the amount of earotene
destroyed was proportional o enzmyme concentrabion and

%o timess .

The ineresse in absorpiion at 234 np was
proportional to decreaged shgowpblon of Qara%eﬂel4.
This has algo bheen shown with biximgg bt Kunkell7
found that the presence of bixln inltlally luhibited

dilene conjugation, but as the bixin was destroyed the
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rate of diene conjugaiion inereased above that in the
control sampless The destruebion of bixin was
logarithuically related o the reaction time and ‘to
the square »pot of the lipaxidaé@ concentrabions

Using a mouometric méethod, ITrvine and Anﬂewaanﬁo
found bthat with wheat lipowildase the rate of the
renctlon wap linear with respech o enzyme concentrabion.
They showed that the reschion wend in two stages, a
rapld ini%iai raltie followed by & steady sbete where the
rate is constent. The initlal rate follows Michaelis
and Menton's kinetles and ¥ is 8 x 16?@ at pH 6.5 and
50°,

$There has besn a variation in the pi optima of
-~ the systen a&rwe@arﬁe& by verious workers. Por maximum
engyme reactivity o values of 6.5 and 9.0 have bheen

roporteal’ 122189230451,32

Phis variation in pH
opbimun is due o the Aifferent systems used in the
asgay and bto different molublilitles of subsbrates under
various condliions. Reacilon »abes vary with subsirate
a#&ilébil&%y'whieh in fura is a function of ¥ in the
heterogeneous syslbens useds With pure Lipoxidase and
ueing a pure Linoleate mubm@raﬁa;:ﬁolman found that the
optlimum wag 9.032,

Raiging the temperabure of the system above 50°




resulted in a gradual loss of lipoxidase aa%ivityﬁe'ﬁl.

The opbimum temperature has boen veriously reporbted as
%09 and 250 18,529,351 huth Hoiman has reported it as 300
for pure lipoxidage with a pure linoleaie subhstrate in
the spectrophotomebeic assayﬁaa Iirvine and Anderson30
found that the wheal enzyme wap notv inactivated below
60° and in the renge between 10° and 50° there was very '
marked effect of Vemperature on the relative wates of
the bwo stages off the reactlon.

It has already been shown that the lipoxidase
pystem is ilnhibited by antioxidents, such ap tocopherol,

ethyl gallate ond N.D,G.a, 0130018033,

but other
substonces have an activating elfeot. ‘he principal
activators whieh have been vaported sre all surface
sctive agents which atabillise the sysvem in such a
menner 4hat the substrate ls more available %o the
QnEyme « When godiuwm Linolente at pll 9.0 is used the
reactive system dlg in a more homogeneous siate and
these subgtances have no achivatlng effeetlﬂ. A
erystalline substance wap oblained from Sﬂ&a«b&aﬂﬁv'
94435 which had an actlivebing effect on 'the syetem bub
thie was again proved to be actihg on the avallabllity
of the substraite an all the coupled reactions of

bt b3 * ! ¥ ~ “ r’
Lipoxidase are not acbtiveted by 1% ﬁquallyﬁg.
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The seblon of lipoxidase con therefore be summed up as
the oxidetion of linolele soids linolenic seid and
arachidonie acld at thely double bounds and the coupled
oxidation with these aclds of naturel pigments, This
could be due o a chaln veaction dniviated by the onzyme
or to the more usual "lock and key" mechanism atbributed
b0 ensymes Ain general, in which an active centwe in the
protedn forms & complex with the substrate. Regulds in
gupport of both these thoories heve been obbtained but
they have not heen econclugive enough o confivm one or
the other, This disparity in resulls has beon due to
the great didferences in Yhe experimental technlques of
the various workepss  In many esses. no effort was nmade
to obtain & puve onmyme or s homogencous substrabte systen
g0 that olther oxildising systemsy for example haemabing,
may be playing a parhs Thervefore it is inperative if
any advance lg Lo be made in the knowledge of the
reactlon vhat a sample of enzmyme be oblelned which is

Tree from hacmabing.

Qther Tipoxidase Sourges

Although lipoxidase hes been reporbed mostly in the

root, wltem, lesves snd voot nodules of legumes with




soya=boan belng the mopt gconcentrated ﬁaur¢a5’3@?§7*
98459 34 nas heen detected in many other vegeltable
tissuese  Potaboy polato Julee, radlsh and asparagus
heveo all been weporbed Ho contaln 1%9’59’40’43.

ITtHs oremencge in @lour has been known since the

42 showed Lronm

early daye and Miller. snd Kuwmmerow
examinatlon of mill sbooks vhe greabtest aoblvity wes
Found in the gern fractiong but that the branny stream

also showed seblvitys Reeantily, Bia$m axid moda43
showed that the scutellum Mnd the amswga were the most

active centres in the wheul %amry. They also found
that the actlvity dn the bran was ascoclated with the
aleurone layexrs  Envirewnenty appesrs to have Little
effect on the lipowidase activity of wheat but bhere
ie o lavge variation in the diffevent vawieﬁieaﬁ§’44;

The ungaturated-Lat oxidases are generally
asgoolated with vegions of the plant that sre alkaline
oxr neuwbraly where watbter loss is baking place, beneath
wound ﬁuﬁféees or where lnhlbltols or antloxidents are
absent or 1m&eﬁivmﬁed45’4ﬁp Igpoxidase is assoclated
with the soluble parts of the nyﬁawla%m and is not
asgoelated with the m&%u@hﬁmaria 7

Tipoxidase appeawxs 4o play o pard in the early

m%a@@ﬁ off gevmination of meyamba&mﬁ47, but the aectual

funetion ig not knowi. Holman'S has suggested that
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Lipoxidase indltisbes the oxidetion of wnsalurated aclds
in the seed and therelfowre inlbiates the metabolism of
these subsbandges for enaepgy or gynthoblie purposes. On
the other hond, accordlng o Teppel's %heﬁ@yia,,
Lipozidase might oxidise the anbioxidents in the saed,
nging linolele acid o & progihetic gronp, .aad
produelng hydrogen peroxide which could be uvsed by
eatalape in further ﬁxﬁaatiunma» Mhis wonld appear Ho
have coproboration from the asseclabtion of haematin
with Lipoxidese in the meeds but seems 60 be in dlge
agreement with Van FPleet'sn finding that oxidative
onzynas are never assoclated with sntliogidents in the
timﬁme46¢ It has alpo been suggesited that before the
Lipoxldage acls iln the scedy physical changes ogour in
the fatty acld subetrate which make 1t more suseapbible
2f

B0 ahback” ! .

In corn seedlings 1Lt hag also been Ffound that
Lipoxidase btakes part in the early stages of
germinabtlon, the greatest oxygen upbake being duving
49

L)

the second and thilrd daye
Tdpoxidase hag not been ldentified in animal or

165 50, 51, 52 ”
48430,30052 0 % nag been

microbiologleal materials
] 315
reporbted in animal Hissues several %&m¢a35’54’33 but

recently with improved assay ftechnigues fhis unsaturated
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fat oxidation has heen shown 1Ho be due o haemoglobin

(50 45 ¢ . . 5L.BAS R
and myoglobin?ot?%,  fappelts methoa?tePosBT of
ddRferventioting between hesmotin oxidation and

lipoxidase oxidation in snimal Uiseucs is based on the
fact that hacmoglobin catalyses linoleate oxidation
only in emuilslons, wheregs soya~bean llpoxidase
catalyses oxidatlon both in emulsion and in homogeneous
substrates

Ypipoxidase® actlvity has been reported in fish
tiaﬂmeﬁﬁﬁ*ﬁg hut the woaction deseribed ie sensiltive

o cyaniaaam

gad 4% may well be due bo haemabing rather
than lipoxidases Agaln the imporbance of adequate
methods of dlséingulehing betweon haematin and lipoxidase
eatelysis is apparent. While it de comparstively easy
to distinguish between the action of haematin-lree
liposidase and lipowldase~free haematin with exisbing
methods,y plant exbracts may contain mixtures of the two
systems and give yise to confusions The charvacteristics
of such wmixbtures can only be adeguately sbtudied 1L

hasnatin«free llvoxidase is available..
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2+ 'The Rurification of Llpoxidese

General Methode of Bnmyme Purdfdcation

The purillieation of enzymes ie exmirenely difflcunld
becaupe of thelr low congentrations in plant and animal
naderialsy thely inebebility and their colloldal nature.
fome of the methods used have been reviewed by

Nﬁﬂthﬂﬁpﬁl 62, In 1926, Sumnen

G3

and Sumney and Somers
succeaded iun corystallising urease -y end sinee than

some thivty-~five ensmymes have beon separsted asg
cgrystalline proteinsg.  From bthe experilence of these
separations 1% bas been shown thalt no one method can

be relied upon to lead o the isolatlon of an enzyme.
bny suecessful procgse nusy be worked out largely by
repeated trial with gradusl and eysbenatilc variabion

of the condifiong of frecilonsitions ‘The genoral rule
ig that enzymes ayxe hendled by the bechniques of proteln
peparations.  But 1% 1e most lmporbant that in using
these techniques, solutlons of as high a concentration
a8 possible must be used so that welghable solld
precipitates ave avalleble and not simply dilutbe
solutions. In additlon, concentrated ﬁgiuﬁiens of
proteins are more stable and yleld more elesnsout

fraeﬁian&ﬁl,
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The entilre pﬁaﬁﬁ&é of proftein fractionatlon
dopends on dlfiferencen in The solublliity off the
Aifferent proteins. Jihig ﬁﬁﬁﬁhimiﬁy Leans o
relationship to the chemigal whrueture of the probein
and therefore can be bighly syeciiias The golubillty
of proteins, as well as depending on the inherent
chavseberistics of the noleguie such ad cryytal latblce
energy and the presence ol different ailyl opx lonle
groupsy is alge plfected by ite sowvoundlogs.  Phus
protein solubility is affected by lntermoleculay
forges in the sollid in seynllibrive with the solutilon,
the lonie gtrength of the selubdlons and the presence
of saltge |

Gelty abffeeld the solubilitles of proteins in lwo
waye, nemely & "salilngsin” aod o "salblpgeoutt
affect la Proteing cummonly become more soluble in

the presence of added salts dus bo atlivaotive inbepe
donde Torces belweon the saly end the protelin. Phds
Wﬁéiﬁingﬁﬁm“ effect is Lound Ho lnereage with sally
commonly used For this purpose in the opder sodiwm
auiph&t@g ammeniumn swlphate, sodiam gmlﬁwéﬂe el
ealoivm ehlowide.

Howevery, 1¥ newhral salls ave added Ho any

solution of a nou-oleglvolybe in wabtew, whewa the
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golube has g dielectmic constent legs then thal of
water, the solubilliy of the solute iz decreesed.
mh@\xélaﬁiva “@&@%ingwwut“ effects 0of Alillerent salts
are very nearly the same no matver what +the natbuve of
the subgiance belung salbed oubts  Amménium sulphate
has the groatest affect followed by sodivm sulphate.
For most proteins in dilute palt solublong, the
Ygalliing~out" effect im far morve than counterbelanced
by the "ﬁ&lﬂiﬂg*ﬁﬂ“ gffoecte In morve concentrated
galt golubionsy the selubility of the protelins pasoes
through a meximum with inovessing lonloe strength and
at gbill highey donle sltrengihs theve is g rapid
decvoase in the protein solubilitys Tor example, at
ionie strength 1.0 using sodlum sulphetde hovse
carboxyhaenoglobin hag iis maxinum solubility and then
the solubility aeaxaas@ﬁﬁgs - Ammonium sulphate on the
other hand does not show the maximum solubllity peak
until 1.5 The use of neulral salts in prolein
separations thas offers a wide vange of protein
solubilities at varying &al% coneenstrallons.

The above is true of agueous waln%@qgﬁ but il
palts are added o an agueous golubion ﬁéﬁﬁainimg
aleohol the solvent effect of the salls ilncreasges and

. g s . B6
will dnerease with rvaleing the alaohol concentration
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OFf sourso 1f aleokoldl ox ascebone sre added o an agueous
golution of protaeins the decreage in the dielectrvie
consbant of the molvents leads o & greal decrease in
the solubility of the protein. IY¥ alwo however leads
to denatwration of the protedn unless the preeipltation
is carwied out at low temperatures, preferably helow
QG 67‘ ‘

Provein solubllity is also affected by hiydrogen ion
concentration because the mumber of charged groups ia a
protedn varies with ple In slrongly acld solutions the
Nty H and Ny groups sliow positive charges while in
alkaline solubions the Oli, QOOH and SH groups show a

68. At pll velues betwesn 4 and 8, ol

negative charge
which most fraﬁtiam&%ioﬁﬁ are garcied ouwl, the net
charge on the protein molecule is much smaller then in
the extreme aeid or alkaline rsnges, but the botal number
of positive and negotive groups reaches & maxlmum Somew
where within this rango. Commonly at ow near this
isoeleetrie point of bthe protein where the concentration
of anions and cabions im equal the solnbility weeches a
minimuam and inereases with change of pH 0 elther wside

of this points Asg the lonle abrength of the solubion
Jnereases the mlnlmum solubilliy lncreases rapldly and

movas more to the acid mi@e’q. The wide difference
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between different types of proteins in the Lorm of
their solubility cuvrves ot Aiffecent pil values and
different lonie strengbha provides a very greal
ronge, 0f possible condibions which may be chosen in
order o oblzin sepavabion of Who probelns.

Pamporature also affects prodelin mﬂlmﬁ&liﬁy;
Increase in vomperature decrcases a0lublility of
eortalin proteins especially ian the "saltingeout"
rang@gg’vﬁ bt usually there is an inprease 0F
solubllity with rising %@m@awaﬁmxgﬁ4,

Other Lacbtors which dnfluence prodein solubllity
are interaction between anlons and cationsg of dlfferent
proveins aand interaction belween proteins and othen

6@, The foprmey

organle non=protein anions and eations
must be gusrded ageinst by eexeying out fractlonations
uwader conditions at which all the probein conponents
prepent ecerry o net charge of the some sign. hithle
is known of eilther olfecl aund -laey have Lound no
general use in pwa&@in poparatlong.

Pherefores feom the above congiderations of
pweﬁ&iﬁ solubility the mebthods of ensyme purificaltion
have Qeveloped along the following lLiness
e  "Balting-outty by the &d&:hlaﬂ of sueh a salt

ag will redupe the solubillty of specific
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profeingy hag peorhaps been the most widely
ngede The salb most commonly used s
ammenium pulphate bhut sodiun sulphate,
phogphates and nagnesivin sulphate have
aLlso bé@m nsef.  Anmondin sulyhate o ‘
generally preferred because a wmueh grealor
range of palting oul le altainable than wilth
any olher selis. It has bthe drewback of
being a poor bulfers. The pohagsium
phogphate precipliants introduced by C@hn7l
gre sometimes preferyed due o the faoct thel
*%h@lyﬂ is wel& defined and coan be shabllised
at any glven velue over a wide range of lonle
girengthe.  Sodlium chloride can by used to
separate proteins which can be weadlly salibed
out, |

2. Aeddilication may;b@@ﬁmwloyaa to change the pH
Bo the igoeleotric point to preclpliate the
profiaine

3s  Adechol, acelone, dioxane aad olhey welated
substances can be used bo sepsrate protelns
by precipitation bub for enzyme purification
this muet be done at low Semperobtures.

Otherwise there will be denaturstion of the
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protein and inactivabtion of the enzyme.
4., Temperabure difference effects can be used
elther by a cooling fractionabtion; e.g. in

72

the purification of pepsin'”™ or by heating,

Gegs the removal of albumins by heatlng to
630 34,

5. As well as these methods influencing the
solubility of the protein, other physical
methods of m@para%ién have been used. Ttor
example adsorption al a suitable pH on
tricaleium phosphate, aluminium hydroxide,
kaolin or some other adsorbent followed by
centrifuging down the adsowption complex and
eluting the enzyme from the adsorbenﬁ73‘74.
This 18 not a good method as a conslderable
apount of inactivatlion takes place. It can
he useful in enzyme purificabtion to adsorb
inert material and colouwing matter from the
enzyme solublon.

6« Crystallisation, by causlng a concentrated and
partly purified ensyne solubion to beconme
supersaturated by eooling, has algo proved
vweeful in ceriain cases. Crystallisation can
alwo be induced by dialysing off certalin salte

which may be in solutlion.
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T @h@ more wecent techuniques of ulitracentelliuging
and qlectrophoresis srve uesed Lo sepawvate the
proveins in a concenbrated soluvion of a
highly purifioed enmyme. It de uot vseful o
ued these nethods watlil the later sltages of
pucifieatlon but they ave very valuable tools
tn the ulbimate vefinement of the ensyme.

The puwndiy of the fiunad conecenbrabten can alsed

be axamined by these pothods.

Tn all these methods of parification 14 is lmporbant
That, where possible soveral grams of meterial be
obbained in each abepy since concenirated solabions
(1~10%) eve esgentiald, in protela separatlons.  Proteins
in dilwbe solultions ean he separeted only with

giftionity, L€ ot 8ll, while the same probeins in
o & ¥

eonesntrated golutions may someblues be mepoweted with
XA

QR3E e Also 1% s technlcsally lnpoesible bo adjued
conditions for precipltation, such as pHy salb
concentration sad protein concentration, with the shawrp
definition necessary when working with gmall volumes of

Boluilone
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fardly Atvtempts ot Purifiostion of Jipoxidese

Mos't of ‘the methods used hy workers in this field
have been based on the well knoun bechwniques used for
the geparation éf'pwaﬁain fraoations, These hove
included salbting-out bochniques, preeipitation with
organle solvends, crysitallisaition and electrophoresin.
The sucoess of these efforts has veried and the resulbs
are nm% alwayﬁraambmxab&m dune bo differences in the
methods of aspesoment of acuivity and in the unlbe
enployed as shondords. This makep accurate inbepr-
protation of the various wresults somewhat difflenlb.

Sullman® was sble bo isolote g produet with a
B6miold congentravion by Tractional preclipitation
with acetone of a water exlract of soyawbeans but a
groat deal of achivity was lopd in the process.

In the same yoair, 1943, Balls, Axelrod and
Kie&7 used ammonivg sulphate alb pH 6.8y experiments
which eventually led o the preparvation of & pure
sanple of lipoxidasge hy&ﬂ@lmmﬁ19¢ Balls and
gomworkers Cound that most of the activity
preglipitated between 0.47 and 0.5 saturation. The
concentrato go obieined had an sbivity 1L1L5-fold
that of a 2.9 water extract of aeya,yﬁﬂ a nitrogen

basia. By caloulation from the authorts Ligures
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it appears that 80% oxr more of the actlvity of the
original solution is lost duping this preparation.

A loss of only 104 was claimed by Franke, Monchy
Kibat and ﬁammlg for a gimilar amuonium sulphate
fragtionation. Unforbunately these workers only
obtained a 52-fold consentration of the agtivity.

A slightly simpler method of smwonlum sulphate
fractionation was used by Cosby and Sumner in
Ameriaaveg They extracted the soya with a pobassium
alum solutbion, thug asvoiding ballast material, at
PH 6.5 and preaipiﬁaﬁed the ensyme oul wiith 664
saturated ammonivm sulphate. A solution of bthig
active precipitate was then fractionated up to 265%
paturated ammonivm sulphate 0 remove ilnacihive
material and dilalysed o give the eoncenirate. A
80~-fold concentration on a waber exbract was obibained
hy this methed. Tater Bwmer prepared with ﬁmi%h77
a 50-fold cﬁn&@mﬁﬁéﬁion of the enmyme by a very simple
method involving precipitation in the cold using 0.5 N
sodium phosphate aé the preclipitating agenta Weither
of these methods produced a highly active concentrate.

However, the really effective methods of
concentration of the enzyme have been develepeﬁ fron

fractlonation progesses hased on the originel asmmonium
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sulphate method of Balls and hig calleﬁgmeﬁ{. Using
4

asuch a method Theorell, BDergetrom and Akason”
 brepared a 388-fold concentrate on a dvy weight basis.
Thie produet was identlfled as o globulin of

moldcnlar weinht 75-80,000, hut va eleobrophoresis it
wag noh honogengous.  They starved with a water
exiract whieh afver moldifying to pH 5.0 was dvreated
~with basic lead acelabe 0 precipiitate the aective
protein, A solutlon of the precipltute in M/5 sodium
phosphate atfﬁﬁ 5.8 wap brought to 6% sabturation with
- ammondun sulphate which precipitated out an actlve
~fraction. This active fractlon was dissolved in
water, those proieins wiith solubllity penges differing
- fwrom the lipoxidase proteins vemoved, and the hlbuming
precipitated out by heabing o 63° for five minutes.
The aetive Lracklon wes repreelpltated with 554

- saturated ammonium sulphate and after helng redissolved
in waber it wag dlalysed to free it fvom sulphate lonsg.
After a further precipibation by means 0f carhon
Qloxide at @é‘ﬁhe aotive precipliate was again dissolved
in sodium earhonsbe solublon and dlalysed. This
solution was fdnelly seperated by electrophoresis in
the large Tisellus appavatus at 55 md and pH 5.8.

Unforiunately the yield was very low as much inachivatlon




Purification of Lipoxidase

Fat free soya bean flour in '

100 litres O4IM acetate buffer
pH 4,5

ceﬂ;rifugo

Extract

djust to pH 6,7 with ammonia,
add 5 vols 207 Barium Acetate,
10 vols acetone and 2 vols

asio lead acetate per 100 vols
oxtract,

Inactive Precipitate ‘ Active’ Supernatant

Add 25 go (NHa)2504
per 100 ml extract,
Allow to settle,

Inactive Precipitate Agbtive Supernatant

Add 15 ge (NHg )2S04
per 100 ml extract,
Centrifuge.

recipitate
Redissolved in
small quantity

of water, Heat

to 63%°for 5 mins,

Inactive Filtrate

Tnactive Albumin

~ Agtive Liquor
Preoipitate

Add (NHy )2S04
to 35% saturation,

Inactive fooipita’ce Activie Supermatant

Add. (NHg )2S0y4 .
;éo;‘ 2808

Active Precipitate Inactive Supernatent

Take up in
0.02M phosphate

buffer at pH 5.50
Add aloohol at 0°
to concentration
£ 12%,

Inecti

Aotive Precipitate Filtrate

Fractionatéd with
(NHy )28Q; between
60% and 607

saturation, -

Fraction I

Fractionated in
‘large Tiselius

electrophoresis
epparatus

\ R
Fraction II

Concentrated and -
dialysed against
(NHy )2804 of _
gradually increasing
concentrations -

v . N
CRYSTALLINE LIPOXIDASE
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of the. ennyme had taken place during the varlous
manipulations, A caleulation of the activities
regorded mhows that ﬁa%piﬁé the highly active
produet approximately 8%% of the opiglunal activity

was loshe

Holman's Preparation of Pure hLipoxidase

Mhe most active concentrate yet lsolated was

produced iun 1947 by Theorell, Holman and Ahegeﬁig’vg
who prepared a lipoxidase concentrate whilch wasg

electrophoretically homogenoous and ulbracentrifuge
gedimentation values gonfiymed that this was a sample
of pure crystalline lipoxidese. The scheme of
purification used was baged on the previous work of
Theorell, Bergsbrom and Ak@mﬂn§4’7a, anmoniun sulphate
being the main precipitating agent. An oulline of
the purificaﬁiaﬂ e ghown on the opposite page and a
detailed copy of the experimental procedure is given
in Appendix T.

The enzyme wap exltwvacied Lrom goya-bheans with
acetate buffer ol pHi 4.5, chosen begause although the
totel activity exlracted was greater at higher pH
values, the authors found that the amount of
exltraneous proveln was also greater.

Phe Pirst step in the puriflcation involves
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precipitation with lead and bvarium scetbate ot pH 6.7
to remove g gunny material extracted fixom the soyae
boanss . In previous purilications 11 had always been
found @Lffionlt bo yremove thie matewrial Lrom the final
coneentrates,. | |

Ag the engyme solution wasg very ailmﬁe the aclbive
material was precipitated out with ammonivm sulphate
and rediesolved in a small amount of waber and the
albuming were wemoved from bthis solution by bheating
at 63°. o |

the solution was thon frachionated with anmmonium
sulphate, the active material beilig preeipitoted
between 35% and 506 maﬁuga%imn, The concentratlon of
the ensyme at this sbage vawies ln successive
preparations, in one it was reporfed as 250 units/mg.,
Legs a coneentration of Jl-fold en the owriginal
solution and in another as 45 unilby/mg.s & concen=
tration of é#ﬁalﬁu The veason for thig varlatlion in
the activity of the preclpitates may be dues +o laeck
of pH eontrol during the preeipiiation, Mhere iz also
a variation in the amount of activity lost in the
fraciionation. By caleulation ffrom the authors’
figures, when uglung a small amount ol active s@lm%ian,

the insctivation dp L7.%% but on uslng a lavge volume
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the idnactivation is %2%.

Following the ammonium sulphate fractionation,
the aclilve preglpltate was taken up in phogphate bulfer
ag shown in Mge %¢ In the subsequent alcohol
praecipitation a varviation was also found when using
different volumes of active soluvions VWhen using a
smaller volume the achive materlsel precipltates out
at 3% alcohol, butl 12% aleohol was needed %o
precipitate out the active naterlsl from a larger
volume of solutions There was again a varistion in
econcentration of the enzyme and inactivatlion of the
anayme in the different preparations. Goncentrations
of H406« and 2.2~fold appeax 0o be obbtained iun different
ﬁrae%ianaﬁiomsf Thesoe vearlations are not due to a pH
dilferance as Tthe ﬂaluﬁimng were all contprolled at 545
but may have bheen due %o a slight change In bemperatbure,
which is known to have an effeet on aldohol
pregipltations. mhe Yoval) lnactlvation was less than
with ammonium sulphate, being 2+5% when & large volume
of materisnl wag usedy bwl in a emall precinitation it
was a8 high ap é@%. It appears from bthese experiments
that preeiplitation with aleohol could be & more
effae%ivé method of precipitation. then ammoniun ﬁulph@ﬁe
Ff the volume of mateprial being handled was kept larse.

fhe final producth obbained sfter a further
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fractilonation with ammonium sulphate and then
electrophoresis had an activity of 850 i tbe/mge s
i.e. a L15-f0ld concentratlon from the erude soya on
a dry matber bagis. On ‘the basgis of mheaxell*ﬁ
published Clgures, the present writer has caleulated
that 97% of the original setivilty was lost during the
gourge of thisg purillication.

The product was Judged o he a homogeneous
profein Lrom sedimentatlon end diffusion meosuremendbs.
The moleculay welight was 102,400,

The avthorp weport that isolation of the enzyme
has been found not to be ghrictly reproduecible with
differaent bateches of soya~boans, sl suggest that
pilod experiments and conltinuned apsay of the Lfractions
are necessury. Since no wrepowbts of a sucoessful
repetition of this emperiment have been published i1+t
is likely fhat there are other Aifficulties which have

not heen so far revorbeds

Kunkelts Wethod of Concentmation

Ho'lman smggaﬂﬁeﬁl that the nse of mixed phosphates
eg an elternztive o ammonium sulphate in the
preclpltaiion of Iipoxidase might be an improvement.
Their maln advantage wos the ease of pH conbtrol offered

by their use, Kumkell7 in 1955 followed this




Kunkelts Method of Concentration

Defatted Soyn Flour
. |Extracted

Extraﬂ%

pH 6.7 Solubtion

acetone,

with pH 45

acetate buffer,

Adjusted to pH 647
with ammonia

|Add barium acetate,
lead acetate,

Inactive Preocipitate Aotive Solution

Add 25 g.
(WHy )3304/100 ml

extract

Inactive Précipitate Aotive Solution

Add 40 Ze

(NHy )2504/100 ml
extract,

‘Inactive S&lution  Aotive Precipitate

Dissolve in water
and heat to 63°
for 5 mins,

v
Inactive Precipitate Active Solution

N
Inactive Pr@cipitate Aotive ﬂolution

Add 35.7 ge phosphe.te/lOO ml
(50/50 monobasic and dibasie
potassium phosphates)
Centrifuge,

Add 5 go phosphate/100 ml
Centrifuge at 1,665 r.p.Mo
for 10 ming,

Inactive Pré¥Bipitate Active golution

Centrifuged at
3,682 repen, for 1 hour.

Inaotive Soliition Active Precipltate

Figa 4

Dissolve: 40 ml of
water/each 100 g. of
starting material,
Filter,

Aoctive golution

Dialyse for 10 hours
against distilled water.

Active !olution
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guggestlion and introduced a preparvation which wasg
baged on that of Holmen 2?79,  The method of
purification was ginller up o the preeipltation
of the albumlns by heat, but instead of fraction-
ating the active solution with ammonium sulphate an
equimolecular mixture of nonobeagic and dlbasie
potasslum phosphates wag useds The fractlonation
1o shown in Bige 4o

Po complete the preparatlon; differential
contrifugation was used.

There lg no lndication of the concentration
obhalned hy this nethod oxr what perecentage of the

enzyme sctivity is lost by dehsburatlon,

Use of Aleohol in Proteln Purmiflcatlon

Aloohol, acetone, ether end other related reagents
have been used spinece ecarly in the nineteenth a@mtﬁry
0 precipibate proteins, o wash them free from
impurdtles and Yo prepare them for analytleal study.
The proteins were alweys denetured in these processes
and therefore 1% these reagents are 0 be used in
separating protelos without c¢hanging their properitiesn
more eareful precautions have Lo be taken.

One of ‘the first concenbrations ef protelns using




Frestlongtion of Plasma Proteins

‘Prectpitate I
. (fibrinogen)

R

Precipitate II & III
~ (Y=globulins)

‘Precipifate IV
" (a,B,globulins)

 Frect®R I

C PractidA IT & 11I Supe¥natant

Hethod I

Plagma

0,231 litres 53,3% ethanol/
litre plasma, Temp, =2 =3
Centrifuge,

Ethanol concentration 10%

Supernatant

Add 0,530 litres of 53.3%
ethanol per litre of
supernatant, Temp, =5
Ethanol concentration 25%
Centrifuge,

Supe*matant
1,131 litres of 53,3% +
0,076 1litres of acetate
butfer/litre of
supernatant, Temp, -5°
pH 5,75.5ediment &
filter,
Ethanol concentration 40%

Supeﬂhatant
(Albumins)

Method IX

Plasme o

Temp, =3 . Salt 0,13 M,
Protein 5,3%.

|Bthanol concentration 8%

™~
Suﬁa'bnatant

Tenmp. -50, pH 6.9,
Salt 0,1 M, Protein 3,1%

Ethanol concentration 25ﬁ

Temp, -50, pH 5.8,

Salt 0,075 M,

Protein 1,1%.

Ethanol concentration 40%

e et

Fra tfsE‘i?ﬁﬂ——‘n———————__-—ﬂ”y Supernatant

Temp, "'50’ PH 6,2

Salt 0,090 M,
Protein 5%.

Ethanol concentration %gﬁ,,,.—*’

Fraction IV

Insoluble

Temp, ~5°, pH 4.8,
Salt 0,085M, Protein 0,8%
Ethanol comcentration 40%

FracdSion V Supbrnatant

Temp. ~2.5° .. | Concentrale
s ' by

Salt 0,01M ~ 7 | Distillation

Protein 3% :

Ethanol 10% Fraction V
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alachol. was that of Mﬁllambygm‘in 1908 when he
separabed dlphtheria toxin., However, althongh 1t
was used saveral times in the intervening veawrss 1%
was not watll 1940 thal ﬂehﬂﬁ7 vaported & systematic
fractionatlon off blood plasms by aleohel alb & low
temperature. In this froctlonatlon were separated
plagne fractions in a concentrated and undenatured
Lorn. This was o tremendous advance on any alcohol
peparation dona hitherto when a lawrge awmount of
denaturation had always taken place.

In the methods introduced by CJohn and his co~workers
there wag a gtelet control of all the varisnts in the
syetem, e.g« pl; bomperature end sall concentration.
An outling of thelr fragtlonstion of bleood plasma ls

shown 09@@31%@64*Q1f82‘

Although the acibual fyractions
peparated are nob of intercst in the present dlscussion |
g veview of the experim&nﬁal procedures used gives an
indiestlon of the precaubions which must be taken in
ugdng this method.

AL the operetions were carwied oub in a cold
room &t nﬁg ao that the temperatures of the solubtlonsg
were always kept helow @Qg the upper Limit of the
femperatire range. Asn soon as sulfiecient aleochol

had beesn added the tlenperature wes kent at 0° D3

less and if the alcohol concentration wag greater
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then 20% the temperature wag ~5° opr lower. As ‘the
nlxing of aleohol vud water evolved hewt, carveful
epoling was usoeds The solubtion was gilrred
vigoronsly so that the %ﬁmyar&ﬁuwe'eqm&lihrium Wes
- rapldly ativainede. Slnoe there 1ls a considerable
evolution of heal on miming alaochol and waten,
aleohol additions mupt be made very slowly

These precavtlonsg of vigovons sgitation and
addition of aleohol through & capillery also prevented
eny previous precipiltabion of proteln through s partd
6f the molution atbainingy even temporarily, an
unduly high ethanol gcﬁﬁeﬁ%maﬁion, |

A& eaveful conbrol of the pH was maintelned elther
by bringing the plaogme to the deslred pH or by the
eddition of an ethenol solultion econtalning bulfer
during the experimentio. ﬁ&hﬂaﬁ later even effeqted
improved separations by adding controlled amannts
of metal Jons to the solution.

PThis methiod of fragilonation has beenl used
sucgessfully many 4ilmes for plasma separations and hag
also baen abhonpled in other ficlds. Eﬁamll6¢ hag
reviewed themse butl some mentlon of the use ﬁh@t hag
been made of this wype of fyachlonatlon in the

gsaparabion of lipoxidase wight be ol inltereut.
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As already indicated, Halmanl9’79 used aloohol
fractionation in hie purification of the enzyme
lipoxidase., He found that at 0° the activity in a
poya=bean concentrate gould be preeipitated out with
3-12% aleohol wheve the pH of the systom wag 5.5
The %aﬁulta o his fwaotianmﬁiama varled but he did
find~£h&t with largexr volumes of mateprial, alcohol
fractionation gave ag narrow a geparation as ammonium
gulphote with l@ﬁ& inactlivation. Kﬂhnﬁg also used
precipiiation with aleohel al 0° in the separation of
"lipoxidage" from Lishs Hls method consisibed of
r@mg?iﬁg an inaetive material by raieing the alcohol
concentration bo 18k, Then the aleohol, content was
ralsed bo 6@% and & precipitate conbaining a
lipoxidase "metivator? oblalned. the enzyne activity
wag gbill dn the filtrate and was rvecovered by vacuum
evaporation, Tt appesrs unlikely that this material
is ginilae to soyawbesn Lipoxidase since denaturation
would be expechbed o oceur ab this concentyation of
aloohol ot as high o temperature as 0°.

In conclusion, the main adventage v using aleoliol
fractionation ls bthe lncrease of specificity over
Paalting ouwl" proecadures. Phe precipibation of

proteins by alcohol depends wpon the chemical




charaoteriatlices of the proiteln and not just on the
plae and shapa of 'the moleeules  Therefore it is an

improvenent on "walbting<wout" in concentrated solutions
which dependg on the physical properities of ‘the
nolecuios, Aleohol also glves wider condibtions of
precipiiation. baalting-out” deponds on Ffour
variables -~ sallt concentnation, proteln concentration,
P and temperature bubt the addition of alcohol in such
a complex systom inereases the range 0l possible
conditions which can be chosen fow the sepavation of
any given conponenis.

Phus in the purification of lipoxidase, 1%
appears that L€ the propexr precantlions were taken, the
lavge amount of ivnactivation of the engyme which occurs
in other fractionations eould be wvedueed by using

aleohol at a bemperature helow 0°.
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BXPERIMENTATL
1le Control Mothods and Preliminary Studlies

Rationale of the Expeniments

o follow the couvse of succesgive siages of

separation of the enzyme a sulbable aspay system
was roequlreds It seemed desmirable to ah@@é@ a method
which meapured the direct effect of the enzyme on the
fatty subatrate rather then a coupled reacbtion such as
“the carotene bleaching method deseribed by previous
workers in this 1&hora%mryﬁ4. Goupled reactions are
more sensitive to Tthe presence of imhibiﬁorﬂ7?33 and
are linear. over s vrestricbted range of enzyme
T6

.

concentrations Tn addiltion Bappel has reported

that spectrophotometric methods are less wensitive
i}

40 haematin imﬁarferanaaaﬁ” For these reasons &

modified form of previous spectrophotometric

™ L
methmdﬂgﬁ’7ﬁ

was adoptede
| Some form 0f electrophoresls alee scemed
deslirable as an oid o Lollowing the course of the
separationgy and a filtew pép@w apparatus was
congbrueted to this end.
S0 far as cuan be discerned from published

reporbs, previous separvations have bheen based on

empirical methods. It was declded that a systematic

S
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stwndy of thevariables should be made in the preliminary
stages of the meparatbtion, although it was appreciated
that atb leter stages wmore srblirary methods might be

requirad.

Lipoxidase Assay

The methods which have besn used to detemmine the
achivity of lipomidase avaie
e The iodimetrlic meagurements of the peroxides
f&rmedﬁg,
2 The measurement of the oxygen uptskae of the

. , , 16, 21
sysgtem using ‘the Warbung apparaﬁuﬁ“g’“i‘

34480475,85,86

B The measuvrement of the eoupled oxidation of
£ sultable pigment, usually elther cerotene
or bimin, by following ite bleaching rate 7y
2542945876487

4« The moasurement of the coupled owmidaibion of
an eagily oxidised inorganic salt such as
Terrous ivon, in this case the feyric salt
produced helng determined as thiocyanate
6;20;83‘ ’

5. The spectrophotometrie measurement of the
diene conjugation developed in pure sodiuvnm

linoleste by the action of the enzymeSrLys
18420428478,479
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The last of these methods Waé preferred for
the reasons already given.

The method depends on the fact ﬁhﬂﬁ during the
lipoxidane eatalysed oxidation of linoleate,
conjugated hydroperoxides are formed on the site of
the original methylene ilnbterrupted double hond
mya%@m of the linoleates The degree of conjugation
ie thus propordional to the amount of oxidation which
has taken place and the proeess can be readlly
followed from bthe uwlira=-violet abasoprpblon band of the
copjugated system whieh sphows & maximum jin the region
252235 mpe  Phe method has been subjech o
modifieation in the hends of varlous worker&ga’73,
bt all these modifications have gilven proporbionalily
over a reasonable wange of bime and engyme concentration.

In adapting this method Ho the present purpos,
which called for speed and convenlence of operatlon,
the oxygen saturated solntions used by previous
workers were abandoned in Lavonr of air saturated
solutions, the reaction volumes were inereased %o
feacilitate handling and a new reaction siopping
reagent was nused bo replace the ethanol used in
garlier methods. Bome sacrifice of precision wag
justified by the ineveaned number of observailions

which could he made in a given bime. Speed of
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appay was found o be an essentlal reguirement iln
atbtenpbing to ﬁﬂliew puccesslive sboges oFf a soparatlon.

Tho subsirate used was sodiun Linoleste and this
was placed iﬁ'& P 9l ﬁmmnmﬁa/ammamiam chiloride bulfex
go that its final concentwablon in the agpry systemn was
led x 1@“4M~ KPber thorough mixlng of the subsiraie/
bulfer mixture the ensyme acbive solution was added
through o miovoburebia with a capillavy atbachment.

The ensyme was allowed to act for ¢ ﬁﬁi%&bl& Glmey

the selulion heing mixed cowntinvously during this times
To gtop the reactlon 20% agueous sodivm hydrozide was
added.

The golution was compared on the Uviepdk
ppectrophotoneber at 254 mp egeinet & control solution
prepared as follows. To the substrate/buffer mixture
wos added 20% sodium hydroxide.  After thorough
nixing the ensyme soldive solution was added, the volume
being the sane as added %o the ot BOLUGLON.

This assay ip described in detail in Appendix IIL.

In berns of thig aysten a unit of lipoxidase
activity is defined as thalt amouwnt of lipoxidase whilch
on acking on sodivm linoleade in the assay system

degeribod above for one ninwbe Ilncreases the optical
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denaity of the molution atbt 234 mu by 0.1 unit.

The characteristles of the gysten are shown in
Mese é, Te 8o Mg é'which ghows the effect of
substrate concentration on the reactlon at pi 9y le
in agreement with & cuvrve obitained under similar
condiblons bu¥ at il 8,0 by Blain ot al® .  on the
bagis of this curve and on Blain's data a substrate
concentratlon of L. x 1@”4M wasg chosen Loy the
reactlon gysion. At this level and with engyme
solutions sultadbly dilubed so that the obhserved
incresse in opbical density during the reaction does
not exceed a numerical value of 1, small errors in
- substrate additions have a wneglible elfect on the
reaction veloelity. In practice it was desired tbo
avold the observation of opbtical densitieg greator
then 1 owing o notlceable decrease in senpitivity
of the ingbrument.

Bigs 7 ghows the expeeted linear wrelationship
of optical density with time of reschion as reporbed
by Tappel ot algaa

Figs 8 indicabtes the wrange of linearity of the
gyatem with engyme concentrabtions. [The relationship
is Linear up to an enayme éaneanﬁr&tﬁan which gives

an optical denslly 0f 1O




fimé (minutes)

. Pig. 9 |
1m, substrafa and 0,1 ml, enzyme in buffer

1l ml, substrate and 0.1 rl, enzyme. in butfer
after the addition of the atopping reagent
(20% NaOH) at.g minutes ,




From these data it 1lg cloay that the proposed
systom gives a reamenable range of condilions under
which propordionallty between tlme and enzyme conm
centration may be obbalned. |

he QQmeﬁaga of welng o homogensous pysten
puch as this lostead of a helerogeneous npystemn G.Je
the carobene pReays ig twowfold. The sebivabting
subpsfances ?&eﬁﬂnﬁ in soyd-bean ewlracts will have
no effect on Gthe euzyme measurementss They are
acting as sunlace sotlve sgente and therefore
cannot improve an.alr@aﬂy homogoeneons sys-bem. Also
iﬁ hag baen reporbted that hesmatlng 4o not have aﬂ‘.
oxldising effect on such a ﬁyﬁﬁamglu

In earrying out curly work with this systen a
dpift in gpectvophobometric yeadings was observed

after the addltion of the soddam hydvomide (Plge 9)e




TABLE I

The effect of assay reagents on opvleal density drifl

ml.

M.y
mle

ml »
Wil e
mle

mle
mle
1l
mle

¥o @
* E
R N il n

Reagent added

gubgtrate in bulfer

substrate in bulfer
sodium hydpoxide

gubstrate in bulfer
sodiun lydroxide
enzyme extract

gubgtrate in buller
sodiuwm hydroxide
enzyme extract

0slh DuCGuls

Mable I shows the effegb

Optical density observed atb

0 ning. 5 ming.
04160 04158
QX7 0169
04330 04425
0704 0,802

of various combinatblong of

asesay reagents on the optical density of the reaction

nixture when obperved ageinst a watier blank. It e

eclear that vhe dvift only dakes place in the presence

of enzyme extwact, and that it btakes place even at pH

valuées at whiech no enzyme action would be expected.

Toreover, 1t was found that when previously bholled

ennymne extract was used,y no drlfh ook pluce.

Haematin compounds are capable of catbalysing this

reachlion even undey very alkaline emmﬂlﬁmanaajf and

the fact that the dwift was s¥ill found in presence




of dichlorophenol (0.C.P.) which is a specifiec
inhibitor of eatalameg@, aid net eliminate the
possibllity of interference from other haematlns .
Accordingly, 5% potagsium gyanlide was added to the
alkaline stopping reagent and this wag Lfound to
eliminate the drifd. Since lipoxidase ig relatively
insensitive to the pressnce of cyanlde, while
haemating are reaﬁily dnhibited by iﬁgl, 1t seems at
leant possible that the drxift was due b0 the presence

of theaege subgtances in bhe extracte

Paper Klecltrophoresls

Bleetrophoresis ip defined as the movement of
charged particles through a liquid under +the influence
of an applied potentlal. Paper electrophoresis has
been developed for qualitative purposes and therefore
hag been useful in these experiments o Lollow ‘the
purdfication.

Many types of appavatus for paper electrophoresis
have been developed. Mhese have veried in the method
of suspending bthe papers ¢eGe mnelined92’95,
verﬁiea194, and hawizan%algﬁ’ga papers have oll been
useds Thig controversy over the method of suspending

the strips 1ls due w0 the facl that vthere are aAifficulties

in obtaining clear rosolutlon of the frachions on %the




paper beecause of (a) Aiffuslon, (1) migration of long
due bto the electrical field, (o) eleclrie endosmotbic
fiow, (d) evaporation, (e) hydrodynamlc equilibrium
between capillary and gﬁmviﬁy Corcasy (f) oloebrical
regigtance vhonges due o concentratbion effects and
() siphoning.

With hoxdzmontal strips there is s davger of
Llooding on the paper and also of the Tormetion of
eopeentration spots due o slight surfsce irrepiie
lawities on the plates holding the strips in posiivlon.
It has been found in gome coges thalt Lt e Aldfienlt to
got well=defined bonds uslug this method.

Siphoning ocours very readlly wiih vertilcal
ptrips and therefcwre the orotelns will be inelined to
ha washed off the papen, for these respons it was
decided 1t uge inclined strips and the apperatus used

) Y
92, ghedw

way based on thet of Mynn snd Mayo
apparatus does not have a gooling system but in shord
rung the diffieulitlies arising from evaporation and
condensation are nov seriounpd

Witk protein and eunzyme aeporabions Bhere have
always hean dAifficuliies ol developing an effective

proaedure for loeating the sepoaratod bandae
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92 and aa#0¢radi0graphsg using ‘tracer

Seleative dyes
eloments have heen used, and in the cage of the
gseparation of ensymes thelw reactlons with an
appropriate subgtrate have been uaa&*ga

In thieg case the mebhods of development studied
WOre §m
%e  Bromophenol hilue by the method sugpested by

Mlyna and Maycga.

2+  Hydrolysis of the protein by trypsin to
amino aclds and development of the amino
aclds wlth niﬂhydrixgga

3. Naphthalene bhlack abgorpbion by the pmo%eiaagg.

4. A “phoﬁagxaphiaé method stvudylng the absorphbion
of silver nitrate by the proteins by
reductlon o metalllc silver with hydrow

quinone and sodium thiosulphate.

Bummaries of these methods can be found in
Appendix TILe |

With trypsin the bands were found to be Llkefined
and the process was AlfLicult to operate. The
naphthalene black gave a very had background colour
although 1t did gilve quite clear bhands. The washing
off the excess dye wag very bedious. The "phobographich

method d4ld not give distinet bands and the background




Pig. 10

Electrophoresis Apparatus



Pig. 11.

Electrophoresis Apparatus
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colour wag very bad. The bromophenol blue method
wag found 1o he whe mogt pabisfactory and waé the
method adopiede

The potential differxences used in elecitrophoresis
have varied from 120 o 600 volts.  ©Dhe tendency was
formady to use a high potential difference for a shortd
time but this gives a gbrong electro-osnmotle
dighurhance of the hands,; and a lower polential
difference hag been more generally preferred. However,
it ie best bo gtudy the syslbem ‘to be used and to vary
the potentlal difference accordingly. In these
experimends the separations were found o be clearer
if a potential dlfference between 200-300 volls wag
useda

The actual apparabtus uged ls shown in the
photographs opposite (Plgs. 10 & 11),  Pig. 11 is8 a
modifieation of the apparatus, sugsested by @hamﬁﬂngﬁ,
to reduce condensation on the paper stripse. The
gource of eurrent used was a D.C. power pack supplylng
a Tully stabllised D,0. oubpult continuouely variable
from 100-1,000 V.

The method used was ag follows:~ the Lour
compar-tments in the btank were £illed with an M/15

phosphate pH'S,Q buffer to the levels of the wicke and
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ghrips of Whatman NWo.l Cilter paper were placed in
pogition.  Afber the £ilbter paper had become
gsaturatéd with buffer, the enmyme solutlon, which

had beean dlalysed overnlght agsainst the phosphate
buffer, was applled to the apex of ‘the paper steip by
meens of & Wieresyringes

The apparatus was allowed o run the allotited
time and the gtprips were then dried fox 30 minntes
at 105°. They were developed using bromophenol
hlues.

A detailed account of the apparatbus and the
experimental procedure can be Ffound in Appendix IV.

In later stages of the preparvation it was found
that to vblbain a rvefined product some method of
pr@paraﬁive glectrophoresls WAs NOCEESAYY. Ag a
Tiselius apparatug was nolt avallable a method of
gontinuous paper electrophoresis was adopbed.

In 1951, Durramiﬂ@ desoribed en apparatus in
which, on a lavge square of Lilber paper supporied
vertically, bthe horizontal ionophorvetlic resolutlon
was combined with a steady, non-~resolving, vertical
downward f£low, the horlszontally resolved components
Linally flowing off the botitom edge of the paper
into gollecting tubegs This is shown diagrammatlically




Fig* 12a.

Continuous Electrophoresis Apparatus
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The apparatus uged wag lhe Bhendon Continuous
Bleectrophoresils apgara%ué which is an adaptlon of
Hu?rum*g deslgne. This ie shown in Mg. 128.

The bulfer was pH éw@ /L5 phosgphate buffer and the
peper was speclally cut 4MM Whatmen sheetbs. The
voliage used wag éqﬁ volite/cme

As 1t wag Lound difficult bto contbrol the ratbe
of addition of the lipoxidase preparation on to the
paper by the wick ﬁupyli@d, a motor dxiven microe-
gyringe wasg mado. This wag led through the fronid
panel of the casing so that the Hip of the syringe

touched the paper two lnehes from the Hop. By means

W R

of a rheostat in the elzeult 1% was possible o vary
the rate of addition from L5 mls o 4 ml. per 24
hours. The rate of addlition used was % mnl. per 24

honrse

Digtribution of Lipoxidame in the Soya-bean
Digtribution of ILipoxidase in the Soya-boan
The soya~beansg were 8plit up ikto cotyledons,

husk and embryoe by manual dissectlon.  The fractions
were ground with mordtar and pestle bo a L£ine powdex
and extracted with (4ﬁ@~éﬂm) petroleun ether in a
goxhlet apparatus for four hours. Afber drying they

woere extracted with pH 4.6 acetbate bulfer for three
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hours at room Vvemperature, helng shaken Lifbty tlimes
at the beginning of the exbraction and £ifty btimes
gach hélf houx. Afber centrifuging at 3,000 r.pen.
for ten minubes the olesy liquid wag decanted and

tasbada

TABLR  II

TLipoxidagse in Soyasbean

Parl of dGomposition ¢ Fat Unite/g. Units/100g.

Bean of Bean Whole Bean
Cotyledon 89.9 L7e7 50 4,495
Hunk T+ 0.8 0 0
Eobryo 245 9.9 34 85
Whole 100.0 11547 4.2 44200

Blain43 has shown that the unsaturabed-fal oxidase
activity of wheal, iz much higher in the embryo +than in
other parts of the kernely bwl as the tahle on this
page shows, soya lipoxidase is found in greatest
concenbration in the cotyledons. There is therefore
no advanbage in usling a particular anatomical pavrt of
the soya-bean as slarting mateclal for a Llpoxidase

purification.
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Pactbors in the Uxiractlion of DHipoxidase fxon
e Boya-bean

L Bffeat of grinding on exitractlon: in order o
dlscover 1L the size of the paviticles of the gound
soya had any effect on the amounty of the emﬁymé and
axtraneous provein exbtraclted by a pH 4.6 buffer, a
pample of goya~beans wes ground in a laborxaltory mill
to the mesh simes shown in Table IIX« Tloarse®
congisted of beans which had been Just broken bub not
crushed. Ater extracting fox three hours wilth
petroleum ether (4@Qmébﬂ) in a Soghlet apparatus, the
defatted meals were extracted for three hours with

pH 4.é 0.1 acetote bulfers Phe supernatant obbalned
on centrifuging at 3,000 r.p.n. Lor 10 minutes was
asgayad for Lipoxidage activity., The repulbs arve

shown in wable ITIL.
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TABIE  ITX

BEfect of particle wime on extragition

BaS,e Mesh % Pat Acbivity-Unite/mls Aetivity-Units/gm.

Hize of exbtrached
solids
Qoarse el 5 -
20 13,4 12,6 420
24 15,0 1545 900
50 1648 23 40 1,353
60 18,2 1846 845
90 18.8 11,0 550

The loss in activity on the smaller mesh sizes was

atbributed to heat inscitivation on continued grinding.

2. Effect of different falt solvenits on exbtraction:
goya~beansg, ground Lo 30 mesh, were defetled with the
following solvents -~ methylated ether, pelroleum ether
(below 4@0), pabroleun elther (4@0«696) and carhon
tetrachlorides Phe HSoxhlet method of extyvactlion was
uged and refluxing was conbinucd Lor % houwrs in each
Cae .y

The ground soya was also extracted in the cold with
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the following solvents - methylated ether, carbon
tetrachloride, petroleun ether (below 4@0),
vetroleum ether (4@Gw;§03 and apeebone.

Tt was found Fhat extrachlon with &QOwéQo
petroleun ether and acetone hoth gave hilgh recoverles
of ackiviﬁy‘in subsequent buffewr extracts, while the
other solvents used gave vaprylug degrees of denaturation.
ALeetone gave betbbter resulis on cold exbraction hub it
was found the petroleum ether could be satisfactorily
used in a Soxhlebt-type of apparaotus.

' Subgeguently fat removed from soya wasg therefore
carried outb with petvoleum ether ln this bype of

apparethug.

D Gonditions for extracting lipoxidage from defatted
soya meal.

Tn order o Lind the best conditions for extracting
lipoxidase the effects of P and femperature on
exbraction were studled. The soya used was ground 4o
%0 mesh size, and defatbted for 5 hours with petroleum
ether (4@9*663) in bthe Soxhlet apparstus. 6 was
then extracted for three hours at room temperature with

/10 acetate buffers atb the varlous PH.




RABLE IV

Aftect of variabtlon of pH

:QH 4114‘ ZI‘Q'Q’Q 4»44’ 4'155 4‘058 4976 5039
Aotivity |
(Units/ e
1le) 45,8 B8.6 28,5 538.5 52,8 100.0 57.5

Therefore the pH optinmun for exbtraction of this
sample of soya lies about 4.7 and now around 4.5 as
reporlied by'Hulmanlg. T4 dm most likely this piH optimunm
will vary with different semples of aoya.

Uging pH 4.76 M/10 acedate buffer o pample of
defetted soya meal was extracted at 0°, 69, 12°, 25°
and §5G, Por three hours.  After centrifuging for
10 mins. at 3,000 r.p.ms the supernslbant was nssayed
for lipoxidase activiiys

TABIE OV

Bffeet of varlaltion of temperabure on extrsciion

Temperature, 90. O 6 12 25 55
Aetivit '

u&’ti’l‘iﬁf lgéln 3-&303 30&:‘. 2‘3‘*9 8209 24»-2
Activity

waits/ge o -

extraoted solidp G20 1260 1060 780 105
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The soya was therefore exltyacied at pH 447~449
and at a tempervature of 69129, Prowm the %able below
it can be seen that the optimun bime for extracting

the lipoxidase was 4 hours at this P and ftempersture.

TABIE VI

Bffeot of Yime on the exitracthion

Time (ming.) 30 60 120 150 180 210 240 270

Activity/ml. 18435 1842 18.% 26,1 25.9 28,9 51.0 24.8
Activity/ge of
extracted - - e - : :
solids 605 620 600 865 795 970 1030 790

It was also Pfound that the activity per groem of
total solld extracted was highest 1f the mixbture wasm
$hak@n onge every half hour during the extractlion rather
than congtant stireing or being left still.

Therefore the method of exbraction adopled was as
follows:= soyawhesns ground to 30 mesh, were exbracted
for 3 hours in & Soxhlel extractor with petroleum ether
(40°-60°),  Aftber being thoroughly dried ¥he defatied
soya~meal was placed in & plastic bucket containing pH
4,75 M/10 acetate buffer (100 wml. per 10 g. defatbed

soya). IV was thoroughly stivred and left for 4 hours
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ab Gﬂmlga, belng stlirred once every half hour during
thils tine. After 4 hours 1t was either centrifuged
at %,000 rapsm.e Lor 10 ming. or filvered through a

No«l3 Wheatman fllbter papere.

Separation hy Holman's Method

The first attenpts to purify lipoxidase followed
the method of Halman19’79¢

A 10% extract of soya-beans was adjusted o
PH 6.7 with Q.88 ammonia. Then % volumes of 204
barium acetate, 10 volumes acebone and 2 volumes of
204 lead acelate were added per 100 volumes extracth.
This was allowed to sebble owis over unight and the
inactive precilplitate was removed by eemﬁriﬁuging for
5 minse at 5,000 repenm, 25 g amneninm sulphate
were added per 100 ml. extract and the inactive
preclpitate took 2 days o settle oulb. It wag then
contrifuged for 10 ming. at 3,000 r.pane 0 vemove
the inactive precipitate. The actlve supernatand
Liguid was decanted and the concentyation of ammonium
sulphate made up Ho 40 g. per LOO mle  Whe golution
was allowed to stand over night snd then the active
precipltate was geparalted Ly centrifuging for 5 mins,
at 5,000 p.pems  The preeipitate obtained was

disgolved in 1 mi. distilled water per 15 ml. original
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exbtrache The supornatant Liguid was gbtlll acbive
but another precipitate wag Formed aftey 4 days and this
acbive precipliate was added ¢ the Tlrat. The aatlve
golution was dialysed agelnst 1% sodinm ehloride for
5 dayse |

Am can ho seen theve was greal dlfficulby in
prepering this active fractlon as precipitation was
vory slows If the solubion was left for less than
48 bours alfter addivion of smmormdlum sulphate o bring
the eoncentratlien up 0 40 £./100 nl. incomplete
precipitation osourrods ¢ vhe precipitate was
allowed b0 lie ovey 48 hours irn assoclabtion with the
gupernatent denaturation occcurred and there was uo
inereass ia éativi%y‘aﬁ the preclypliatos It was
therafore found praferable 0 bake the aokive
precipitate off ailar 1624 hours although part of
the aé%ivity-wm& skl Lefy in the solubion,

On electrophovesis of thisg concentwate at a
pobential gradient of 7 volts /om. and using M/15
phosphate bulfer ot pil 6 for geven and a hall hours,
a broad hand about 7 em. fwom thae owigln and a narrow
bandl abowt 1 cm. Lrom The origin, both moving towards
the gathode, wewe oblelned. The labber wasg active

but the broad bhand showed no lipoxzidaze activitys
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The conoondrate feom the sprmontum sulphabs
prootlplbetion wep heated %o 83" wow § minss o renovh
the slbumings This soblves slbuminetres solution
was fractiovabed sealn widh anmoning sulphate byt bhe
Fraotion botweon T5-500 aotuenilion whilch H:iafﬁf,;mmm 79
reported sobtlve showed no sedtivilys  Howeovew, all
the aotlvity dlaappeared from the other feacbions
during the sepeyeilon of thig obogo.

Phie methed of uvelng smmonivm swiphato waes bhovas
fors rvelected a8 L0 wan found so 4L leudd bo obbain
whoan Craotions and 8lsd becouny 8o nueh fnaetlvetlon
04 the ongyne Book placos

Miwod phosvheten {50780 monobanlio and dihasie
podasmive phooavhebes) were oompoeed with anmonian
sl H2% 5 ge vhopphato ood 40 g Bpmoniam
gudphate pey 100 ml. opirect preodyltated oul the wevive
pordlion feom The grude suiinab. The proeipitate which
gave the highest sobivity was dhad Seom the phogphote
separations Dherefope 14 was deelded 4o abbompt n
asoparation by the method of .?&;ami%:ﬁg’:*ﬁ’? who had wged 9

vhoephats Seooflonations
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Separation by Kunkells Method

The origilnal method ig phown in Pig. 4.

A concentrabte prepored by precipltation with
40 £¢/100 nls amsonium sulphate as described previously
wes used as glharbting ma%arial. This was dissolved in
distllled water and thon 3%.7 g. mixed phosphates were
added pox 100 nl. of tho solutlon, This wag
sentrituged ab 1,865‘w.p.m. for 10 mine. snd then the
supernatant wag removed. The inactive precipltabe
wes dlscaprded and 5 g. mixed nhogphaites were added to
each 100 ml. of the supernaltant. Thisg weas
sentrifuzed at 1,665 repen. for 10 mins. and bthen Uhe
supernatant wag decanted from the inactive precipllate
and centrifuged Lor 3,682 vep.me for 1 hour, The
preolpitate obtalned was taken up An water, 40 mls.
per 100 g. starting materlaly but 14 was inacbives
The remalnlng liguid was also inactive.  Abbempts
were made ‘bo vary the centrifuglng technique in order
b0 save the agbivity but an aclive procipitate could
not be ah%&inéﬂy

Thervefore ingbead of centeifuging the solution
after the addition of 35.7 g. phosphate per 100 ml.,
it was lefd to precipitate Lor 24 hounrs and then

contrifuged for 15 mins. at 3,000 ripen. Mhe
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solution was sbtill oloudy but & very slight derk
precipliate had sepvarvated. The solution vwas left
%o polvle for another 24 hours and ecleuared bulb,
when eentrifuged again Ffor 15 ming., bhad beconms
eloudy agaln and no precipltate had separated.
To this Liguid were added % g. phosphabe pewr 100 ml.
peolubion and it waw allawéﬂ 40 settle fox 24 hours
then gentrifuged at 3,000 repone. Lor 10 mins. A4
slisht pregipiiiate had formed whichy when dissolved
in 10 mle. water gavae o solution of aolivity oaly
about one quarber 0F thot of the owiginal soluiion
on & volume bapige It wag found aflder fupbthaow
fracbionatlong o be very difficult S0 preciplitete
owb bha aobivity using phosphate ln such é nanney.
ag b0 prevent a large aswound of denaturation.

As all these pethods had bheon wnpunacessful
and had only given seperatlion agcompanied with a
groat denl of dengburation Lt was decided that a
peparation walng alcohol alt o low bemperaiure would

be abtbempleds
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2. Alconolle Fragiionation of Soya Lipoxidase

Exploratory Dxperiments
' 64,81,82

Gobhn'g methods for the protein fractionw
ation of blood plasma by the use of alcobol at low
temperatures was followed in the preliminary experi-
ments =0 that gome ildaa a? tha effect of this syslen
on soya proteins might be asaar&alned bafore a more
systenatlc study was @h%ampueﬁ,‘. The method uaed

wag ag f@llmwé:* 4 ditres of opude /10 acetate
extract were placed in a § Llitre heaker aand the
temperature was bvcuphb to wﬁo in a dry lce box.

The solutlion was vigowously stirred, care bhelng taken
to avold frothing. When the temperature had fallen
below 07 the addition of 53%.%% V/V solution of
ethanol in water was gbarted through a capillary tube.
ALl ethanol concentrations ave expressed on a
volume/volume basis. The bemperabure was gradually
lowered 4o =59 and the final ethanol eoncentrabion
adjusted o 10% V/Ve The solubion was then cenbri-
fuged for 10 mins. at 2,000 r.p.mey the cenitdifuge
belng kept as cool an posasible by means of dry lce.
A1l but 13% of the activity was precipitated out alb

thieg conoentrations
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The preclpibate was dissolved in M/L5 sodium
phogphate buffer, pi égﬁ, by thoroughly sbtirviag al
room btemperature and then gently stirring for 30 mlns.
Cellte was added o the mixbture and it was filtered by
meang off a Buchner funnel. It was found that this
Liguid contained only é;ﬁ% of the original activiby.
Therefore there must have been a large loss through
denaturation, Howevery ‘the councentration on a dry
weight basls was increased. On electrophoresis of
thig precipitate it was Lound to divide lnto two
bands as found with the‘ammanium sulphate concentbrate
deseribed previouslys

A great deal of the actlvity was later found to
have been lost in the method of faking up the
preeipltate because the undissolved preclpliate was
subsequently shown b0 be active.

The above experinent wag repeated within narrower
Mmite and it was found bthat all the actlivity
precipltated out bebween 8-12% alcohol. Therefore
thig varrow fractlon at a low aleohol concentratlion
appeared o he more effective than the 1ll-defined
ammonivm sulphate fracvlonsbtion uged previously.

It was decided to continue using aleohol as it was

‘thought that a study of the variables, e.ge. teumperabure
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and piI, might reduce the large amount of denaturation
of the proteins
The effect of pH,y time and temperature on the
actual preclplitatlion was first studied and then the
effect of the most sulbable pH, time and tenmperature,
from this point of view, on the acbual activity of

the precipliste oblained.

fffect of pH on Precipitabion

To find the effect of pH on the precipitation
200 mle volumes of the emtraet were adjusbed to the
various pH values with 0.88 amnonle and then broughb
down G0 ~5°. 5%45% alcohol was added to raise the
aleohol goncentratlon ho 4. Phe precipitate was
allowed to getile out Loxr half an hour and theu thé
golution wag centrifuged at %,000 repams for 10 mins.
belng kept as cool ap possible. The temperature of
the supernatent was agaln brought down %o uBO, and
the aleohol goncentration raised o 8% over half an
hours After cewtrifuging again at 3,000 r.p.a. for
10 minse the alcohol concentwation was valsed to 12%
and the precipitate allowed to settle out Lor 30 minge
Then the solution was ecenbrifuged again at 3,000 T.Dell.

for 10 ming.
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Tn Table VII are shown the lipoxidase actlviities
and the amount of molid malter presgewnt in the super~
natant liguidsg thus oblbained.

PABITER  VIX

The effeet of pH on alcohol precipitation

% Bt |
anol. 0 b 8 12
ALy~ Aot AoBd o~ Aoti-
ity % Dey vity % Dry viky % Dey vity % Dry
PH unite Mat- - unlle Matw units Mabt- unlbe Mate
/mle texr  /mle ber /ml. bew /mls bex
5,48 0 2.75 0 2.05 0O - 0 -
4¢05 9«5«’* 3:&92 2*5 2;17 195 hd 0 el
4443 29,5  3.39 R2eI 2415 D45 2.65 O -
5,00 26,5 2.85 0 2,29 0 = 0. =
5458 RT3 2:53 16.6 2.06 16,3 243 14 oA o
6.80 2542 277 15.0 2.52 0 2.41 O -
11,00 1,6 271 © - 0 . - [¢] i

Ag there was inclined to be insctivation of the
enayme &t alcohol concentratlons higher than 12% the

pH values t0 bhe preferred were those ot which the
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‘activity precipitated below this alcohol. level.
Therefore the il values at which were obtalned the
highest activities per grom of solld precipiltlate
vere 5.0 and é@&b pH 5.0 appears preferable ag
all the acbivity comes down by 4% but less
extraneous matier is precipitated at pH é.&g

Also it was found that on usiling larger volumes
of Liguids at pH 5.0 only half the activily
precipitated by 8%, the &@maimdew ney precipitaving
until 12%.  Therefore because of the veriation of
resulis at pH 5.0 Lt was decided Yo use pH g;& in the
Livet steps atd leawt when lurge gquantliitlies of liquids
could be used. These conclusions assume that the
precipitated sctivity is recoverable, and this in

fuet subsequent experience justified.

Bffect of Mime on Precipitation

Ag with all fractionations of probelns,
denaturation wag ogourping =long with preaipitatlon
and after a certaln polnt there was no increase in the
actlvity of the precipitetbe glthough there was still
activity in the supernsatant golutlon, insctivaibion
cocurring at the same rate ap precipliitation. Thue Lt

wag advisable b0 remove the precipitalte as quickly as
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p@éaible,‘aﬁﬁ in order to £ind the earllest polnt of
Cremoval a study was made of the times of precipitetlon
8t the vaprious alcohol concenfrationse

200 mls of the soym exlbract were adjusted to
pH 648 and then the temperatucre was brought bo w53
with constant stlreings The aleohol concentrabtlon was
raised bo 4% and 5 ml, porbiong of supernatent were
removed at various intervals of time, centwifuged b
33000 repems for 1O mines and the supernatant besited
for lipoxidase activity and the amount of dry matber
determined. This was repeated at 8% and 124 aleohol

and the resulis obitained are detailed in Pable VIII.




RABLE  VILX

Tffect of bime on precipiitabtion

% Aleobol Time(mins.) O {4) 80 120 Qvernight

Aotivity o )
undbe/mle 2Te9 57«9 3749 379 579
0 supernatant

% Dry , | ,
Matber 580 %450 %.50 3950 3!50

Activity ‘ ' _
anits/mle w 19.2 18,9 17.2 19.1
4 supernatant

% Dry ‘ .

Matsten - Led2 .36 1,12 187

Activity

undbg/mle -~ :
8 supernatent 2046 15.9 144 8.8 4.5

% Dry .

Matter 2035 . e 2-§Q 2425

Aotivity o )

wilbs/ml 1445 Te2 1043 See 540
12 suparnatant

% Dpy B
Matber 2.48 2,78 5,086 =~ 2449

In mowt cages The acbivity Lls preecilpitated during
the first half hour. When using 124 alcohol the aebivity
of the supernatant was found to decrease up to % houre
ot this was mostly due to denaturation and not 4o

precipitatilon. Therefore 1% is preferable bo allow
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precipitotion with this amovnt of lliguid to teke place

pver 30 ming.

Bffeet of Nompepature on Preeipibation

That the bemperature of the precipliation has an
agffect on the preciplbation of thaese provelns has beon
reported by mony wrliters. Gﬂhﬂﬁ? found #or plasms
protedins that a venpewabure of 5% ip prefovahle bhud
this mayAnaﬁ he true for the aysbem belng sbtudicd.
Therefore Lt was declded to study the effect of
benperature, the bemperatures chonen belng ﬁg, 0% ang

® wore ptudied because

w5, He temperabures above §
proteing arve donabtured by aleohol at these ltemperabures.
400 mls of the erude exbract were adjusted Ho
PH 648 and bthen the dempevature wag brought down o 59
with constant stirrping. The aleghol congentration
wag raised o &4 by addition of $3.3% V/V aleohol and
the protelnsg were allowed 4o preciplilote out for
30 ming.s The solution was eentrifuged at 3,000 epem.
Lor 10 mins. and the pracipliate obbained baken up in
20 mle PH 4076 buifoxr. The supernatant was brought
down o 5° agein end the aleohol concentvatlon
Cdnereaged to 12%.  The preelpilbtate obiained hy

centrifuging fox 10 minge al 9,000 prepsm. wag Ltaken
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up in 20 ml. of pH 4.70 buffer. This was repeated

at 0° and “ﬁoh

RABLE IX

BEfegt of tempersture on preclpitatlon

8% Alaohol 129 Aleohol
super-~ Precipe gupep-  Precipe
Tempe Extract natant  itate nafgant Ltate
Total Total  Total Total Total

Aetivity Activity Acblvity  Activity Activity

59 16,520 15,420 430 114430 86
0 16,520 7 4380 130 64512 208
59 16,520 16,160 1,180 74520 1,030

From Pable IX it can be seen that the mode of the
preclipliatlon and the activity of the precipltate varles
greatly wiith temperatureo. Also 1t appears from these
results thatl ”59 might not be the best temperature fox
preclpitations To gee if the tempewalbure of fraction-
ation had to be varied according to ‘the volums of extract
being used the experiment was vepeated with 200 ml.

extract. The results are shown In Table X,
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PABTE X

BEfect of vomperatbure on prealpliaition

Temperature 59 oY 59 1.0°
Af}i“;;w.i.i:y/ml; 25.9 2569 25-9 2549

Bulfex
Biztraot Aetivity/se 768 188 788 788

B% Whhe  Activity/ml. 9.1 16,3  21.8 0
anol

CeERR Tk "
natant Activity/egs 377 604 820 0

@% Bhe ﬁOﬁiViﬁM/ﬁl« 58 4e77 42 944
anol

Preolp- S

5, babe Aotivity/g, 428 604 - 886  12%4

Prom theone xasults it appears that precipitation alb
5° weg mosl satlofactory et this volume, To siudy
further the effect of the wvolume on the lempervature of
the fractionation, the experlment wag repeated using
1 litre of extraoct, 1 litre of soya extract was
adjusted to pH ér@ with 0.88 ammonia and filtered at
room temperature through & No.l Whatman filter paper,

It was cooled down b0 5° with constant ghlrring and
5%.3% ethanol was added under the surfece by meons of
a burebtte 4o bring the aleohol concentration up o 8%,

The addltion took place over half an hour. The
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golution was then cenfwrifuged foxr X0 mins. ab

3,000 r.p.ms and the supernabant was brought again to
59 and the alcohol concenbration lncreased %o 10%

and the soluwilon centrifuged a8 befora. Thisg wasg
~repeated up to 22% and, as can he seen in the ligures

belowy the actlvity was not precipitated by this btine.

TABRE X

Procipitation by aleohol at 5°

§ iloonor  Suemstant lotiviiy i pey Mebior in
Blel 3a42
8 2642 2,95
10 25,1 2,73
12. 26. 8 2 232
14 2840 2.55
16 | 25,75 -
20 278 "
a2 2548 _ -

This was vepeated with 830 ml. exitract bringlng the
aleohol concentration right up bto 24%, centrifuging ab

%4000 repels, sund then conbloued addition of aleohol up
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t0 44%. The solubion was cenlvifuged after every
2% addition of alephol.  The activity did not
precipltate until between 40~42% alcohol, and bthere
was no lipoxidase aetivity found in thism precipyitates
Therefore it i obvious that wlth larger wvolumes
the temperature elfeet wan different from that Lfound
with smaller volumes. Using a litre 0of ewbract the
preelpitation was agaln shtudied al o° and\mﬁg; The

method used was oxactly as descrlibed Loy 59,

DABIE XII
Preeipitation by aleohol at O
Supernatant Precinitate

% Aleohol Activity Total ¢ Dey  Activity Total
paw mnl. Actlvity Maltter  por ml. Actlivity

0 22,6 22,600 .23 - -

4 18+4 20,000 2.72 15.3 153

8 18,2 21,680 2468 1445 145
12 16,9 22,400 213 9.2 02
16 1lel 16,528  1.90  102.4 1,024
20 9:0 15,000 1.78  96.2 962

24 1.5 2,890 168 - “
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PABLE XIIX
Procipltotion by aleohol at mi”

Supernatant Precipitate

oo Activity Tobal % Dry  Aelivity Total
% Aleohol Ty Activity Matber pew mle Activiby

25.5 25,500  3.48 - -
25,1 25,110  2.97 0 0

8 21.2 25,250 2475 0 0
12 20,4 26,850 2460 0 0
16 1349 204450 2447 08,2 1,082
20 8.7 14,500 2,10  135.4 1,354
24 1.8 3,460 1,53 76.0 760

The activity in both ceses wag preclpltated heibween
12«249: aleohol although there was more inacbive material
precipiiated aﬁ-aﬁO the precipitate hed a higher
activity on a cemparative basis. It ean he seen thav
at these lowew bemperatures the difference in
temperature does not cause a great change in the
pwaaipi%a%iahﬁ§ T6 is be%@ar, however, to precipliale
at as low a demperature as posslble as there ip less
imad%ivatien of the enzmymes. These two tables

Ldllustrate the rapid ineresse in denaturation rates
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above 204 ethanol. The questlon of ethanol denatw

uration of lipoxidase le deald with more fully latew,

HMethod of Separalion

While the réﬁulﬁs imlﬁh@ foregoing section showed
that high lévelﬁ'aﬁ 1éaa of activlity were 4o be
expacted, a Lurther examlnation secemed Ho be Justilioed.
On this basle it wag deelded, filrstly, to remove the
actlve lipoxidape fractlon from the soya extract by
precipitation with ethanol, the active frachtion being
removed hetween 12-24% alcohol.  The demperature

needed for this Practionatlon was uﬁa

or below, As
this Gemperature sppeared from the preliminary
experiments o have a controlling eifeev upon the
preelpitation it wes deglded that a betler method of
eooling than the dry lee box previouply used wap
NECORHATY

A cold stoprage cabingt, whoge air temperature
wes controlled at =-5° by & Sunvie relay system atiached
to a bimetal thexrmosbat wag at fivet used, The
Genperaiure of the solubtlon, howaver, yrose on the
addlbtion of the aleohol and ‘book +time to cone down %o
w50 againe  This was due to slow heat transfer Trom

the air in the sborage cablnet to the solublon.




Pig. 13.

Cooling Tank
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Because of thi&ln@@ﬁ Ror rapld transfer ol heat
from the solubtion a tenk wag bullt in which a liguid
was used as the eoo0ling mﬁaimmg An Lliustration of
this spparvatus 1s shown in Mig. 15. |

Th conpisted of a glass tank, two Leat long, one
oot brmad,hamﬂ one footk deep surrounded by two inch
thick corl walls ag insulating material. The cooling
unit eonpisted of a copper colly Wwo inches high,
along the floow of bhe bank, atbachsd to a senmled gas
coupressor unld, This systen was £iliéﬁ with Fvoon
gas =0 that the colls were cooled by the expansion of
the gas gamyreﬂaa&‘by vhe pumpe

The tank was Dllled with e H50% mixtuve of
industrial spirite and weber ag thls was found bo be a
médium which »etained a low viscosity ot the bemperature
being usead. i@ was essenbial %h&t thie ii@mié Was
kept in movemend ag aﬁh&wwiwa & gold layer collected
along the pipes and there was not & geod heat transfer
from the eooling medium to Whe colls. Also as rapild
trangler of heat fyom the golution b@imé Lractionated
- wap necessary it was prefereble fo keep the cooling
medium in motion. . Thiws eirveulation was effected by
using two centrifugal pumps with outlets beneath the
gooling colls and inlets at the top of the cooling

mediumn.
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e enewgy used by the comprespor was roughly

controlled by an energy vegulator. Mhe temperature
of the bagk was socuralbely ean%%m&lmﬂlby‘m@anﬁvgﬁ a
fnluene E@gﬂi&%&%jaﬁﬁﬁﬁhﬁﬁ o a velay systeom.  The
latter Wﬁﬂ'iﬂ civeult with o 200 watt taﬁk haa%@r
end the beppeyature was coobrolled by means of thile
beating eycle. Tt was conslidered thet a fiver
control wag obleined by fthis method then iFf the
Goluene regulator lad been albached to the epoling
pystemns

The fractionations were done with 4,000 ml.
volunes of the oynde soye extract ap lavger volumes
than bthis could not he handled dun the tank. Phe
method used was ag Followsi~ 45000 mlss of orude
soya exwtract wewe brought 4o pH 6.8 with Q.88
smmonia and filtered through a ool Vhatuman DLl ten
paper.  The &ﬁl&?iﬂn‘W&ﬁ placged in a % litve beakerx
in the eold benk and cooleds T4 was continuwously
shlrred during covllinge Yhen the bSemperature had
reached 0% the sddition of stxh VSV solution of
alaeohol was gbtarded. Phis was added dthrough &
capillary atvtoachmend Lrom g 50 nl. barette. The
aleohol was pumped in%0 the burette from a shorage
bothle in the eold dank ﬁﬂvﬁh&t Lt hed o tempersibure

of =5° on belng added to the exbract.
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When the temperature had wreached ~5Q the addition
of alcohol was eontinued until there wag a poncentration
of 12% alcohol on a volume basis in the mixture. The
bime beken Lor addibtlion wap 30#45 ming.

fo remove ﬁhélima@ﬁiva precipitato the solution
was contrifuged at 3,000 mepems For 10 ming. The
contrifuge was cooled with dry lce and the centrifuge
bottles and buckels were prochilleds.  With these
precautlonsg the temperature wise ln the solution was
kept bolow 2°, k

he supemnatent wag agaln hHrought to aﬁg and
ethanol was added as haﬁﬂra to bring the ethanol
concentration of the solution up to 24%.  After the
addition of the ethanol the aecltive precipitate was
separated from the solutlon by gentrifuging atb
3,000 wa.peme Lor 10 ming.

The precipitate was dissolved in 25@%ls. of
PH 4gglm/lﬂ acetate budfer and filtered throvgh s No.l
Whatmen filter paper the Temperature being kept
balow Q?g

The wesults of e bGypieal fragtlionatlon ave shown

in Table XIVe
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MARLE  XIV

Fractionation of crude soya ewtvact with othanol

I S ‘ Total
4 » i) Mmoo o ‘
Unite/ml.  Unite/g. Aotivity
Grude extract ( 4545 19764 177 9450
Bolntion of fwachion

betweean 120 and 244 -
adoohol 2629 23429 G956

Thie peparation was repeatedly cavwied out with
minoy varlabions with essentlally similar vesults ‘to
those showns I ie evident thait a great logs of
aa%ivity pocurred in thie precipltation, only 4.04 of
the btotal a@%iviﬁy heling found in the preciplbabe
although all of the aetivilty hed been wemoved from the
pupernatants The congenivation of activity was also
very smalls beling only about lL.l-Cold. |

It wag avtempied Ho purify the concentrale by
further eleohol fractlonation. The femperature was
brovght dowa %o ﬁﬁgj as in the ym@vimﬁﬁ fraotionation,
and the aleohol concentwation walmed to B, The
solutlon wagf@enﬁ@iﬁﬁ%&@ for ¥ minutes % L,500 waDeis
411 the aatﬁ?&%y was found Lo have baen removed but g0




rnSAl¢6h617ﬁfaotidnation:65ﬁSoyarBeans -

b Kge Soya«Bemns ,
Ground to 30 meah

Grnun Soya—ueal
: Extraetgd for 3 hra,
with 40°-60° pet, ether’

Detattgh Soyurueal
Extracted with 50 11tre-
pH 4,76 scetate buffer
for three hra, Filtered
through fine mesh ‘nylon.
Centrifuged at 3 000 r.p.m.
Jfor 10 mins,

] -
Crude Soya Extract (34,74 litres)
Added conc, ammonia to
bring pH to 6,8, Filtered
> S at room temperature

e | _ through No,l Whatman,

pH 6.8+Solution

Temperature ~5 ' '
Ethanol concentration 12%

/@Qd.

Precipitate I - Supdrnatant I

Temperature -5

Ethanol concentration 24%
i?entrirugedo

.,,PrecipitlﬁngE"W’#"”‘tpernatant II

Temperature =5 A
Ethanol_qoncentrgtioniBO%

4Centrifuged,
Preclpit te III Supernatant III

Allowed to stand in chill
for 4 weeks. Cemtirifuged.

A : '
A 4 ,
Precipitate IV Supernatant IV

o
Temperature -5,

Ethanol concantration 45%
Centrifuged.

k1

¥
" Precipitate: V v Supernatant v

PMeg. 14




mach denaturatlion had oceccunrred that the precipitabe
showed Little lipoxidase activitys ‘

Therefore it appeared ©wom these results that this
mrbhod of fTraciionatlion was 1o golng Lo be puecessful
in puelfying Vipoxidese as 14 caused oo nuoh
densturation of the enayma.

However, ag £ lagt expaciment, a purificatlion
o & lavger scals was attempbed as 16 wap thought thatb
ﬂ@mhﬁuwaﬁiem_migh% be less using lawvger volumes of

aolutlons

Pinal Aleohol Pracilonation

The proposaed mchems of sepdvaition wasg to bring
tha alecohol concenbration ﬁp b0 L85, aeﬁﬁmiﬁuga off the
lopellve precipitate, and When 4o walse the aleohol
goncentration uwp o 4% Go preelpivate the active
fractions This precipitate wag 0 he wredissolved in
Glabllled water end this molubion fractionated with
mixed phosphatess The Final concenltrabe thus obtained
wag 40 he sepaveted in an eleghrophoresis apparabngs
However,; uslng the larvger volume of goluitlon the
precipitatlions did not follow the same patbern ap in
the previous ex@@rmmeﬁﬁa and Phe aetuald precipliation

is shown on the opposite pages




78

5 Ko of soyaebeons were exbracted with 50 Litres
P 4.76 M/10 acetate buffer 4o give & erude exbract of
34474 litpess The p of thisp solutlon was brought bo
68 with 0488 sumonis and the sodution filtered through
a No.l Whatman €ilber papon. The solublon wag plaeed
in g large glaluless sleel ceoxntainer and the %@m@er&%ure
of the solution was pedueed to 5%,

A the apparstus previously built conld not
handle such lerge quenbtities of ligquld this fractlon-
ation was carried out in & cold room whose Gempereture
was acourately controlled atb ~5% Az there was o very
good air eivewlstion in the cold room there was fLound
0 he no overhesting of the solublon due Ho the mixing
of Tthe aleohol and walbow. LE the rate of addition of
aleobol was cavefully controlled it was found that the
Gemperature of the solunbtlion veried 1lttle from «ﬁa.

An the tepperature of the spolublon was reduced
the soludion was cerefully sixred with a wooden paddle,
g wo method of mechanicel stlering ecowld he obbained
in the cold room. Ag frothilng ccenvsed readlly with
this solution, due Ho the presence of & purfoce active
agent, stiveing had 40 be very curefully conbrolled so

ag to gtop the Tormation of lece eryasals wilthouh the
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fLoprmation of frothe Trothing is inelined 0 ceuse
denaturation of the proteln and therefoxre should be
avoided 1f posslible.

Ag %he'ﬁempawaﬁuw@ reschoed 0% the addition of
a 504 aleohol solution was sbarteds Mhe sleohol
was added Thvough glags eapi&l@ﬁiﬁ&'amﬂ aﬁim@iﬁg wag
conbinued during the addibtion, When the alceohol
concaentration vesched 184 the additlon of aleohol
wag stopped and the §0lu%iam was filtered in the
gold room through No.d Whatnmen £ilter papere  Pile
tration was completed as rapldly as possible so thatb
the next preelpitate would wnold ghart o come down
hefore Cilbtration was completods Ls wasy howevairy
found, on using these lavger volumes of solutlion,
that Lracitlonatlon appeared to he olesner and there
was uolh a bendeney on standing, for the nexb
preeipltate Ho form or Ffor denaturation o take PLAGE.

AMhe solublon was replaced in the ghainless sleel
eontaoiner, and when the temperature had again sebbled
at «5° the addition of ethanol was continueds At 24%
aleohol, the solutlon was centrifuged &% 5,000 wopeme
for 5 minsse It was found that a lavge quaﬁ%&ﬁy of the
aobivity remained in the supernatant.

The golubtion was thevefore weturned o ‘the cold

room and the temperalture bhrought down G0 5O, Aleohol
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addivion wag conbtinued o bring the concentration up o
30% snd the solubtion was then centrifuged at 3,000 Topelle
for 10 mins. Although some of the sebtlvity wasg
precipitated. there sbill remained a lavge quantity of
achiviity in the supernatante |

From the previous experiments Lv was thoughlt thatb
increasing she alceohold concentratlon fupther would cause
incereased loss of sotivity. Therefore an stbempt was made
b0 bring out the achivity by using other preclpitants,
namely anmmoniun sulphate, mixed phosphetes, acetone, and
baslie lead ascelate. However, due to the presence off the
high concentwation of aleohol, the preclpitates obtalned
by ‘these methods showed very 1ittle activity.

Tt wasg also atitempbed bo preclpitate ouy the
actlvity by lowering the pH o values hetween 4.2 and 5.9
No precipitation aéeurraa ahove 9.7 and only incompleie
precipitatlon between Ye4 and 5.7 Oply the precipliate
obtained by lowering the ol 40 5.0 wag found o show
acbivitys 124 of the aectlvity ia the original 50%
aloohol supernatand wag found in this preelpitate.

A these methods had been unsuceessful the aleohol
concentration wae incweased b0 3% keeping the

temperature ot -5° ang neing the same preeaunblong as before.




Th was found ‘thab all the achlvity had preclplbated outb
and B9% of bthe acbividy i the 30% solubtlon way present
in the precipitate. This wap vepeated with the
remalpder of the soluwblon in § libre volumess ag the
eold woom was not avallabley and 1t was necessary to
gapry owt the Cragblonatlion in the cold bathe In
pome gases the scbivity dld not come down wabil the
concentration of aleohol in the solublon was 45%,
Therefores this fraction is repovted ap between 30-45%.
The results of this alechol fracilonation are
shown in Tahle AV ALL the y@aa&p&ﬁaﬁﬁﬂ were dilssolved
in dietilled water and the setlvities shown are of these

golutlons.
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It can he peen that mosd of the activity wes
precipitated botween 50-454 aleohol bubt some aobtivity
wag present in the eavilier precipliates. The 30=45%
froction showed a concentrabion of H-~Lfold on the
original soluitlon on & dey mabtier bagio.

Inactivation did not appear o play sueh a greak
part when using these larger volumes of solutlon. Uhe
loss of activibty of the 307 supernsbant (L.c. Suporm
nabant 1ix) due B0 glborage was unfordunate and gives a
falese Ldea of dthe densturation ogeurving in the last
prealplbation This solutlion was stored for three weeks
with only a slight loss in activity but during the Louxth
waek of stovage the acbivity of the solution decreased
rapldly, .

The percentagae of ‘the toltal asbtivity found in the
varlious preclpitates has beeun tabulated in Table AVI as
this gives a oleaver ides of the peparatlon obiained and

the inactivation ocotrriag duwlng the fractionation.
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TARLE XVX
Aloohol fractlonation of crude soya

Total % of Oviglnal
Aetivity Tobal Activity

Original crude exiraed 13440 ,000 100
Pracipitate between 0=127 -

Aleshol (I) M 99, 600 69
Precipibate beitween 12~24%%

Aleohol (II) 644410 4¢5
Precipltatos batwoen 24-50%

Aleohel (IIL & XV) 57,086 440
Precipitate belwoen 50454

Aleohol (V) 160,502 1.2

Toas dne to slovage of 0%
golubtion and to precipitation
tests 8837 4940 61e7

Toss due bo denaturatblon during V -
all praeclpitationg 1704462 11,7

The loss due o donaturatbion during the setual
precipitations wag small and le less Than that reported
in any previous fractionation dn purifylng soya-bean
proteina fow 1&pﬂ&iﬁaﬁa,‘

Ag A% was found that the polution of the precipitate
slowly loat Lts acbivity on sitorage 1t was doelded to
remove the water by Lieeze duylng end to store ﬁhe_fr@eﬁe

dried product at «20°%.  Freese dvying was carried out in
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5

Lactivity (Units/ml).

S O L e [+ S
‘Length of eledtrophoreaia,pgpér'( cms, ) ..

10

Fig, 15 . :
.Electrophoresis of rreoze-driedgyrodqctfay‘pH?G.O e
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10 ml. ampoules in an Bawards Lreeng dryows P

getivitvies of the ?reeﬁa dried produat arve shown belowe

PABIE  XVIX

Preers drying of concentrabe

Pobal Activity  Activity/ge

Original coancantratie 160,502 84842
Pracge dviled produch 135,880 19,420

wlagﬁrmghmﬁaﬁiﬁ o, _Goncentrabe

Phe freeme dried product was dlsselved in dletilled
water giving a solution of congenbrabion Ga.3d. Whis
wag dialysed @vamﬂigh& agoinet P 6 M/15 phosphates buffer.
On &l@wﬁréyhﬁrﬁﬁis in the small gualltative apparatus atb
PH 640 and ab a volkage gradient of 6,5 V/em., the
concentrate separsted Into Lour provein bands « One
around ﬁhﬁ @ri@in} Two bands moving Gowards the cethode and
a8 band moving howsrds the anodg.

On completlion of & run oun the eleclreophoresis unilt
o paper strip was removed sand cub Into sbrips L ome wide.
Taeh atrip was plased in two mlse dlotilled water and
the solution obbalned assayed fox llpoxidase activity.

The r»esults are ghown in Plge 15. In all runs nost of
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the activity was found to be awvound the ovigin.

Thus as some of the lnnctive maberlal was removed
by electrophoresis at pH 6.0 the golution of +the Lreese
drdod product Waﬂ'ﬂaparaﬁ@é,iﬁ the gonblmious olegbeow
h@h@%&&iﬂ urilt deseribed previously. The eleetrolyie
used was sgain P 640 W15 phogphate buffer but a highor
vdlﬁaga was used ag ﬁh@ gseparatilon is horizontal nod
verticals The voltage gradient used was 19 V/om.

 The eoncentrate sepavated lwbo three proteln
bandey one which had not moved fyom the origin, one
which had moved 5.9 eme Ltowards 4he anode mnd another
band which had moved 6.2 om. Gowsrds the cathode.
These bendey shown by development of the paper with
bromophenol bluay were condlvmed by qualitative bimret
Yoats on the golntiong collected in the tubesga

These soluvions were alpo testedy efbter dialysis,
for the amount of dvy metbew presgent end for lipoxidase
actlvitys Uhe relatlonship between these is shown in
Tiga 16. Approxinetely aboult 25% of the dey matber
present in the concentraite was found in the bubeg
contalning mowt of the Lipoxwidese acbivitye

By thig separation on the contlanous electrophoresis
apparatus the coneenidyatlon of lippxidase actlvity on e

dry natber baple wes inoreased 10-folde  Noss of
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aotivity during the sepawalilon vavieds being genevally

about 59%, bul In some ¢usen was much lowews It would
‘be an improvement o have some method of eooling in the
apparatng as this would both refuce evaporation from the

paper and dnectlivetion of the enzyme.
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DISOUEs IO

Holmen £ivet suggested that the presence of
gabalese affects the charagterigties of the lLlipoxidase
oxldations This wos coniymed in this laborstory
when eabalase and lipoxidage oxldations were oxamlusd
in the seme apsay systenm and 1% wag found that under
coxtaln vonditions small concentrations of cebtalaso
inkibited lipoxldseso, These resulis were obtalned
with erude buffer cwlrocis of soya-heans Ln & holerow
geneons apsny ayshenm end therelowe LU wag thought
necopsary ho obhain o pure panple of Llpomidase snd

compare Thio jn the apsay system with the crystalline
| eotalese already prepareds In addivion to the above
reagons concerned with the lmrediate probvlems of this
labopatory, the effect thalt only one wconfirmed
elain of sueoessind, deoledion of lipoxidese has been
mede added o penewval iwbervest o the sopapation.

While the previoug invesbtigsiors had nade
numevons atbempbs w0 puwily lipoxidape with convenm
tlonal preelplionts, the procedures used were
arhritery and led 40 high losses of activily in the
gourse of the sepawpaiiong. I% wag therefone Lell

that the use of an unconventlonal method was Juetifiod,




and the sucecess which atbended Gohnte elceohol fracition~
stlon of bleood plagma suggested the pomsibility of
applying his methods.

fhe text of the ewperimental mection indiocates
that najor diificultiscs of dechnique werve encountered
but the lavgewscale separation ghowed that with proper
Lacllities those Aifficullies could be roduced %o
eonmparatively minbe propovitlons by the uwse ol
appropriate squipments Tha dow vemperature fractlone
atlon with ethanol was found o eall for & combination
0f cloge conbrol and Jlespinility. Por exanmple, duwing
the dnitial additlon of alcohol 0 a Lipoxidese extirach,
the axtvact froemer alb o temperabture just helow 0% and
in some, bhut not ally ezpariments in which lee cryetal
formation wap allowed %0 ocenr loss of acblvity was
found %o take places Ihe expexrimental reguivements
are therefore that ab the inidlal slages of alcohol
addition, the temperatire sghould be loweyed at such a
rate so that wilth the addition of aleohol 1t is always
close 1o but never at the freeming polutb. Bhis |
procedure must be earrded owdt watll bthe aleohel cone
contration e sufllclently high to prevent freeszing
ot -5%,  Once this tempereture has been reached Withe

ouwt frecping Lurther addivlons aye compavetively simnple.
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CWmis combrolled rate of heat extrection is greater
then can be achileved by allowing the mwierial o stband
in gbill ale a% mﬁu‘@ﬁﬁ A% ds ctherefore nocespary o
carey out the fractionations in o zoom ot =57, in &
Jjacketad container with supplenenitary coollng fyom &
ﬁmal$’@ﬁ%arna&1y movnted pefrigerating wnlts

The work whieh, has been deseribed is thepefowve, in
p- senge, exploratory as ad the ovwbmed 14 was notd
popsible o speclfy these conditiong. Baping the later
shoges of 4he work existing feellibties were adequate io
make an evaluation of bthe condiilong under which opblmum
results eowld be expecteds On these grounds it 1s
not drwelevant o put Forward proposals Lovr equipment .
whioh would bhe fﬁqu&wﬁa in a soboequent investlgation
Qf-th@ DRODLem.

Speclol focillties are necessery o carvy oulb such
an aloohel separatlon wiﬁ& lange volumes 0f solution.
& eeld room whose temperaiture maﬁlﬂ be accurately
gontrollied at nﬁﬁ da sketohed In Mg. 7. Thies only
gives an indicatlon of the type of consitruetlon thatb
gould boe uped ond this coudd he vg&iad agaording to the
mabaiales availeble.  With fthic congtrucetion a 1 H.P.
condensing unit charged with Mpreon 12/ aroton 6 would be

noegusgary 0 overcone the heat lesk Into the chombere
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It is necessory thaet the wonm be supplied with
‘elaet@iaal polats ao that centrifuges and ether
pguipment can be un iﬁgiﬁ@ the room, ap it 1s
espential that the bVempereatures of the ﬂdlu@imnﬁ
remein o8 neaw ~5° ap posaible and therefore
Pacllitles should bhe such that all opevatblons can
be pexformed in the voom.

Pox the actual precipitations oylindzleal
agtainless steel or glosg lined tenke which can hold
200 Litres of selublon are preferabla. As 200 Litres
of solutlion toke a sonslderable wime te fall from room
temperature O mﬁﬂg two of the tenks shovld be Litbed
with Jackets through which a refrigerant csn he passed.
A small 4+ H.P. comprossor ig all bthal ig necessdry in
thig vofzigerativg sysben 1o extract the heat Lrom the
golution within o reasonable dime.

Por stlrrving purposes poviable electric stirvers
which ean be clipped on o the sides of the tank would
be more adapitable then stirrers fixed permaneantly on
the btanke. These mues be able 4o be run at such B
speed m0 that The solubion is kent in constbawh
girveuladion withoud Lrothings

The 890% ethanold solution could he added ffom a

glagp Lined bank whioch capn hold 850 Litres and which is
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graduated to LF10th of a Litres. Thig would have an
oublet at the bobiom bo which are allached several
removable eaplllaries. Yhe rate of £low of the
aleohol from this bank ghould be controlled by means
of a stopoock on the main outlet, Thie stopeock
should be attached %0 & thermomeber in the tanks &0
that 19 the tempewature of the solubion goes up the
rate of alcolnl addltlon lsg antﬂmaﬁieally reduced,
This safeoguard is negenpary 1L the precipliavion is
to continue wnatbended.

Por Llltratlon purposesn a small sdaibhless sleel
filter preass pounted on a brolley would bhe sullable.
For centerifugiag these large velumes of solution a
Sharples coatinuous contrifuge 1o Necesuarys Thie
mawmally runs at o speed higher than neccssery, and
in faot highewr than desivable as these high epoeds
camse inzetlvetlon of the ensyme.  Lhewelore it
aha&iﬂ ke placed in elroudt with a resisitsnce po thad
a2 speed of aboudb 5,000 rep.ne i obbained.

While Lt ds not clained thet vesulis achieved gave
as high a degres of purification as those of Holmen, the
data ﬁuggeﬁ%'%ha%; up o the stage described, losses
from denaturatlion and the overlapping of feactions

were less than in Holman's previous mobhod.  Morceovaer,
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from these exporiments 1% is possible ¥o preopose a
short method of purdflicablon which will gilve at least
2 BO-f0ld concentratlon of the material.  Fhis only
reguires oxbtraction of the owiglurl defatbed soys with
acetate buller and the removal of the fracblon precip=-
Ltating between F0=45% aleohols This fraction le of
high activity and can be fupther purified, if
required, by elegtrophoresisgs The conditions deseribed
in the text ave erilticnl,; and comperatively small
vardabliong may beé expected Ho give wise o difflculitien.
An inberesting posgibllity which sxises fxom the
work is that of frectionation at o fimed alcohold
coneentratlion by albering ﬁ@mp@ﬁaﬁa@a conditions., T
would seem bo be a nogessary covollary o the
experimontal results reported bthat by operating belween

° and *ﬁ“ ot & given aleohol concentration narrow

5
fractiong conld be precipitated by lowering the
temperature in stepss  Thisy in fach, was found to be
the case dn & few leolabed experimente not reporied in
the general scoblon buwl the method wag not further
studied because of the compavatively wide wenge of
aleohol concentvratlion over which this peaxpticular enzyme

weg preeiplbated. ndey other clyeumsbancos, and with

olther sysbeng precipliobing over o narrow @amgé of
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aloohol concentratlions, this method wonld offer useful
possibilities.

With & few noteble wxcepiiong plant enzymes are
uﬁuélly fovnd In relatvively low concenbtratvions and
therefore have been Aifficnlt Go purlty. Bowe
exampley while catalase ls lsolated fﬁdm anlpal tissvesn
with comparative eanse, L4 has never bBeen prepared from
plant tlesues although 1t iy an ubiguitous enzyme in
plant. (e pﬁﬁﬁibiii%i@ﬁ indieatod by Whisg work
would, given an approprlate expevimental unitb, a@p@am
Po Juwbily the exsmination of othey sysboms with the

proposed mothod of separetlon.
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CONGTUSIONS

Phe posgibilitvies of using ethanol as a
preelpitant ln the seperpation of plant enzymes
have heen demongtrated in bthe speclfie caso of

LAIpoKidane.

While lsolation of the engyme in & homow
geneons gtate was not achieved, a umelul degree

of purificatlion has been obiained.

The variables involved in {the gepsvalion
have beoen gtudled, and the Linlting condltlionsg

definad.

On the bapis of the work carvled out a
simple seoparvation hag been devised which will
give in four sleps a useful concentration of

the onpByne .

Tor large-scale dévelopment of the pro-
poged sepavebion, speocial egulpment would be

required. & suitable design hag Doon preew

pared.
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SUNMARY

While some progress has heen made in defining
goneral conditlons of protein solubility, problems
of engyme purificatlon have bheen solved in the past
by methods which ave lowgely emplilosl. While a
range of imolation procedures and combinations of
these procedures ave alt present aveilable, the
igolation of any psyiicular system depends lovgely
on the appilicavion of frlal-and-arror methods.

The isolation of Lipoxidase hes been achleved
in only one ﬁéeaxﬁed ease, hy & conplex combination
of preelpitative snd eleobrophoretle methods.  The
work reported in this bthesis describen the application
of the use of ethanoldl ag a precipitent lun & puprie
Picabtlion procedure for lipoxldass.

A gtudy off precipibation conditions is reporited,
and arising from the date obbtained, voubes of
sepavatlon are described on sn oxperimental basis.
From these gtudies and the experlence aceumulated; @
sluaple procedure £or obbalning a usefuvl degree of
concentration of the ensynme ig describeda.

The procedure calls for experimenital srrangements

0 permit working at controdled vemperatvres between




0° and-wﬁg with a sulficient veserve of refrigerative
capacity o rapldly dissipltote the hont of solubion
of ethanol. The bulk of the actlvity is romoved in
the fraetion betbween 50-49% ethanol and %ﬁ@ subsequend
precipitate which jo x@&ﬂily.abﬁa&mmhla in guantiliy,
ney be furdher coneentrated by continuous e¢lectro-
vhoresis abk pl G.Q.

The @@nﬁiﬁianm, reguired Go prevent am&ua lostaen,
are shown U0 be somewhat arlbtleal dut given themo

eonditions, the procedure ovolved is simple.
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APPENDIX I
HOIMAN 'S PURIPIGADION OF LIPOXIDASE

Pat-free, low-tompervaiture extracied soya~bean Llour
(15 kge) was suspended in 100 Litres 0.1 M neetate
bulfer ab g 4.5 Centrifugatlon by a baskeh cenlprie-
fuge rewmoved whe insoluble material snd the extract was
adjusted to i 6.7 with somoniss Mve volunes of 204
baprlom ac@%&%é, 10 volunes seetone and 2 volomes of
bogle lead acetalte wore ndded per 100 volumes of oxwbrachs.
The inactive precipliate was romoved in a lerge
paparators |

The inective preclpitate produced by addition of
25 & (ﬁﬂ4)2ﬁ94 por 100 ml« exbract was allowed to
settle and bthe supexnatant Liuid wos decanteds  Hove
(EH4)3$94 was added do bring ids concentraition to
40 5+/100 mle and the precipitate containing the
aetlivity was wvecoversd by centwifugabtlon.

The sollid was redissolved in a gnall quantity of
water and heated o 63° for § mins. o cosgulate
inactive slbuning. The precipitate was centrifuged
0L The supornetant Llquid was Creoblonated with
apmoriwn sulphate and thob which precipibtated between

554 and S04 saturetion vebainede The precoipiiate was




], e

dlalysed against 0.02 W phogphate buifer at pi 5.9, and
the undissolved materilal was dlscsrdods

This was Trectionmted with 904 othenel ot 0¥ at
P 545 and the inivlal precipitate deoposited below 124
conbalned the acbivitys Phis solublon was diesolved
agaln and fractionation with (Hﬂ¢}2$®4 between 950% end
6t saluratlon yilelded esn acbive precipitate. This wes
dissolved in M50 phosphate buffey abt i 7.5 and wae
pepavated in the lorge Tiscling appavabius. This was
congentrated by dlalysing ageained (Kﬁﬁ)gﬁQQ polublon,
the conecenbration of the latber belng gradually
ineresseds, $he Lipoxidase cryetallised ont and was
then washed frae of amorphous maberial with slightly

less econcentrabted ammondum swlphato.
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APPREDIX FI

LIPOXIDABE  ABBAY

Heagents

Reaotion buifop

WAE0 pH 9.0 ammﬂmiafammwm&mm.ﬁhl@@id& buffer

10 mls. ¥ asnnonin and %0 mlse. ¥ smmoninm
chloride &iluted ho 2,000 mlo.

Aleoholic sodlium hydroxide

4 ge of podiom hydroxide ave dissolyed in 5 ml.
of warm dighilled water and diluted bo 100 ml. with
e'thanol. The solution is sbandardised in +the usval

WY e

Bubstrate solution

1 ge of puve Linolelc acld obbtained from the
Hormel Inebiituite, Minnosota, i paponified oveps
wleht with a slight exceps of alecholle ¥ sodinm
hydroxide solution, This lsg dlluled bo HO0 mle
with dlstilled water.

Agqueous godium bydeoxide

A 2Oy molution dn distilled water e usaed to

gbop the enzyne reantlon.

Aqueons potessing gyanlde

A 5% solution S diegbilled woter i used.




wﬂ.’ﬁf«i

gpectrophotonetric measurenents

e Bililger Uviespehk spectropholtometer is unsed with

831
wavelongth at B4 mp, siit width 51 and 1 em, e@llw.
& wy

Reactlon flasks

The reaction ls cavried out in 175 ml. conical
Rlasls. These ave -thovoughly cleaned by soaking
overnlght in 2 streng sodiun hydrvoxide solutlon.

Thon they arve thoroughly winsaed with dap wabor and
then digtilled water hefore drying for use. Bebwesn
agsays they may be rinsed thoronghly with dlesdéilled
water and drlod. fGoaps and debergenty should never
be used for cleawing these, since the presence of

guoh. surfface aclive agents may lunterifere with the assay.

lethod
The reaction is careied oub dn the propared conlcal

Plosks,; the additions belng msde in the following order.

Addition Ruaction WMiask Blank Tlaglk

1 Reactlon bulfer; %0 mls Remetion bulfer, 50 ml.

2 Substrate solubion, Subabrate solution,
1 mle Lol

% Aqu@ﬁum potassian Agueous potapslun
~eyanidey 1 mie ayanidey 1 mle

4 Inzyme golutlon, Agueous sodium
® Ml hydroxide, 1 ml.

9 Agueous sodivn Enzyme solulbion,

hydroxidey 1 mle X Mle




(Pt

Phe rooction wlfer ls added o the Fflasks and is
thoroughly shaken up.  After ‘the subsbtrate solubion
and the potassiom eyanlde have been added the flask i
shalen ups The enpyme solublon, 0,085 40 0.3 ml., is
added from a microbupetie with a eapillavy attachuent.
The £lask is wotated during the addition snd algo dweing
the time the ﬁe&aﬁiom e progeeding. As soon as the
enzyme ig added, a mf&p wateh s pbarded and siter
exaetly one wminwbe the godium hydroxide ip added to
gb0p the wreaotlion. The optlcal density of ithe
golution ig messured i1a the specitrvophotometer agalnst

the bhlenlk solution prepared ap aboves
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APPRWDIX TIX

MERHODS  OF  DEVEIOPING PROTEIN BANDS
QN  BLROIROPHOREBIS PAPER BIRIPS

1. Hydvolysis of the protein spobs by brypeia

and development of the anine acide prow-

duced with ninhydrine
the paper strip wes dried at 105° Lor 5 mins, and
then & otelp of filber paper seaked in 0.1% trypsin was
placed on top of itse They were then held Hightly
between glasg pladtes and held ot » tompersiure of 500
For 30 minse. The proteln sierlp was then rewmoved and
dvied for 1 miaute ab 105°.  After spreying wivh
D.1% ninhydrdn it was dried sgaln ab lﬁﬁa for 5 wming.
2. Hydvolysis of probeins with alkyl sulphates
and development of amino acidp with
NINRYILLie
The paper wan drled ab lﬁﬁa for B mins. thon a
Lilber papery sosked iu u 104 solublon of a commerclal
delorgenty "Teepol”, was placed on top and the whole
placed between two gloss plates. This wag kept el
60” for 30 mins. and then vhe bestb paper was drled for
one minuwbe ab l@ﬁﬁg ﬁywayﬁﬂ wlih nivhydrin snd dried

again for 5 mins. ab 205%,




%e Naphthaleone bhlaclke
solutionss~ (a) Seturated solution of napbibalens
black 12.B+200 in methyl alcohol

containing 104 acetic acide

(b) Methyl sleohol conbalning acebie
a0l ds

(e) Methyl aleohols

The paper steip alber belng dried Loxy 30 mins. al
105% was immersed in Yhe dye solubtlon Low 10 wming.
Then after heing washed with solution (H) unitil the
baeckgrouvnd eolowr wag @ pale blue and wasbing with
methyl aleohel, the paper stxip wasg Aried in a currvent
of warm alve |
4o  Phobographie’ method.
HBolutlons:- (&) 045 ge milver niteate in 100 ml.
o waber and one dwoyp of dliiute
nileic aold sddad.
(h) 175 g« sodium cavbonate in 1 litve
diebtilled wators
(¢) 10 g» hydreguinone in 100 wl. alechol.
(a) 100 g sodium thiosulphate in 1 Litrd
dletilied walaw.




a—v,‘.’&,iiw

The paper was dried as before ab 105° for 5 ming.

v

then dipped in solution (a) for 5 mins.y thon washed

g

in water for % ming. It was then dipped in a
solution containing 10 mls of solutlon (¢) 4o 100 ml.
of solution (h) Lox Wwo and a hald minuwbes. IH wap
washed fox hall a minu%@ and then dipped in solubion
(d) Cor two and & hal? minubess  Afber washing Lox

5 mings 1% wag dried in a warm current of air.

S5 DBromophenol blues
Solutlions:~ (&) 2% bromophonol blue in 9B ethyl
alechol gaturated with mervewnric

ehilorides

(h) Methyl alaéh@& conbaining 1 neve
curic chlorido.
(¢) Methyl aleohol.

The sitrips wore dried for 30 minss ot lQﬁQa They
were first lmmereed for H ming. in the bromophenol bhlue
solution and the excess of dye romoved by four washinge
in methyl aleohol ocentainlng mercurdo th@wi@a, This
waghing took hal® an hour %o completes The solution
was kopt movixg eover the gbtrips. The excess mercuric
chloride wag wemoved by washing the strips in methyl
aleohole The strips were Dinally dvied in a ourveantb

0f warm alve
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APPENDIX IV
MENHOD  OF  BENCEROPHORRSLY

Apparatug

o types of apparaiug Wore uselds
1. Phis iz o perapex boxs messuring 45 z 12 x 20 om.
with a heavy glass 1iﬁ‘ Tove paytlitions yun the lengih
of the box alb ite bape dividing 14 dnbo Live conparte
ments .. ALl of these comporimeants, oxcept the centre
contain the hufler solutlon, ¥the ouwber paiy also contaln
the carbor eleatrodes (diameter 6 mm.) which protrude
from the ends of the tank throuvgh rubber bungs. The
outer partition on eanch slde has six holes (diameter 6 mm.)
ppaced at egual intervals elong its length near its free
upper edges,  Small wicks £1LL dhese and dlp lunto the
buffer solution on elthey silde commeeling bhe inner and
outer comportments electrically. The purpose of this
srrangement is Ho vrevent the pll changes at the
electroden from reaching the inner compardments,  The
slender glass rod which rung down the cenitve of the box
19.5 em. above dhe hage (17 em. sbove the liguid leovels)
pugpends the Lilteyr ﬁa§@r ghripse.  The whole apparatus
is mounted on a base with levelling sorews Lo give a
level bage 0 prevend giphoning betbtwesn the compartments

by way of the Rilter paper ptrips and wickse




T

2. This appavatus ils a perspex bloek 11M x 8% x I
at the gides of whilch are fixed twe perapexn supports
&% thiek, 2" wido and 21 ecme in helght, holding a
6 mue. dlometer glass rod 19+5 cme. above the bagg.
There ave four gomparbtments -~ 108" x 2" x 4" -
connected at equidletanty pointes by wicks, 1" dlaneter,
pagsing through holew in the partition 4" belew the
surface of the parbtition.

The carbon eleclrodes ave 6 mm. in dlameber with
bregs terminals and are held in position by rubbew
buﬁg% Le2 come dn dlamctor.

The whole im mounted on o bage 13" x 10" x L4
held in position by strips of perspex and then this
is held on a wooden bage 15" x 18" x 4" by wooden
svripss The whole is mounted on levelling serews yrovided
with locknubse

The hood covering the whole is nade of 4" psrspoex
and ie 1259 high, resting on a rubber ping on a

perspex hase.

Bleetrolyto
M/lﬁ phosphate bulfer = 84 mls. /Y pobassium
dihydvogen phosphate and 16 mlse 15 digodium hydrogoen

phosphate, dilubed Ho 500 mis. with diebilled wabers




el e

Developlng solultiong

1. 1% Browmophenol biue dn 95% othyl alcohol satupated
with nereurie chloxides
2y Wethyl alechol combaining 1M mereurie chlonlde.

54 Methyl alcohols

Fapew
Whatman Ne«l Tor apparatus L pbrips 36 ¥ 5 one

th £y 3 R | 2* it 3‘5? o 6 Olle

"

Proceduve

The fouxr comparfuents in the tank sre £illed with
the huffer to fthe lovels of the wicks and stwvips of
Whatman Mol Lilter paver apxe placed in position.
When the tank is loaded the Lid is replaced and the
strips ave allowad o booome saburated by capillaribty.
Afﬁawiaﬂ houyr dhe stelps sre steaightoned out with
glags vods so that they ave held at thelr ends to the
inuner partibtlonsg by surface btensiong and all liguid
levels are adjusted o the same hedgbbs  Then the
Liguid 4o bhe Gested is applied by meang of & mIorow
syplage at the apexr of the filber paper obrip in a
narrow hand extending 40 5 mme of the edge on elthew
gldes The 144 is weplaced and the potential applied.

The apparatas is allowed t0 run the allotted bine

and the sdwips are then ypemoved from 14 and dried TLor




JO m&nﬁg'&b L@b (3 fmhay ara then developed ag mallawﬁ‘
%hey mw@ P 3&&9%%@@ for § wlas. in ‘the bram@u'
phanol ﬁiﬁ@ ﬁﬁiuhian and &ue axoenp Of dye ls removed
by ﬁmum Wdﬂhiﬂgﬁ in nethyl mivohgl solublon canralnin@
morourie chloridos fhis waghing talkoes halfd an hour
to ecomplede and 16 was found that the solubion must ho
kapt moving over ﬁhﬁ'ﬁ@ﬁ L. The - exeess mereurice -
ehlorvide 1o removed by washing the-strips in methyl
aleohols  The strips sve finally dried in o curvent of

warm aidis
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SUMMARY
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SUMIARY

When exposed Yo kigh vollage cathode padiation
the cerotenold pigments of butler are blesched and
the bultber becomes rangid. ﬁimeaiﬂ%_iﬂ well known
that sueh plgments are destyoyed by o coupled reactlon
with Latty perozmides catalysed by the masaturated Lok
oxildages the possibility of m,ﬁimiléﬁ veaoblon
mechanism initlated by the donlaing effect of the
radiation has been investigated.

Linelele acld andfFoaroibendy wore used as the
nodeld systems  Although the proportlon oF oolae
deconole aeld present in bubber fat ls 18.9% while
there is only 2.3 cecladecadiencle seld it wae decided
to vae linvleie aold because atb Lis more reactlve
unsaburated centres oxldetion le Pivst Likely to take
place in butber.

Carotene wag dlrectly sffected by radlation, but
when irevsdiated in the prevsence of Linolele acid, the
latbery instead of baving an acoolerating effect on
the bleaching of the a&w&%@n@% acbnally probegted 14
0 a certain extent from oxldation. There was also
found to be a Jormatlon of conjugabed hydroperoxidos
on gxposure of linolele avid By Liself snd in the
presence 0f carotens. The results showed no divect

similarity to the lipoxidase wreactlon.
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A different pattern of resulis was Lound on
irradiation of bubber and thevefore thewe appears o
be no eorrelabtion belween the veaction of bubler and
that of the model aysbem. There are less conjugated
hydroperoxldes prosent in butter at the higher dosegen
due, perhapg, bo secondery oxidation taking place GO
a greater exieont then the primary Lformabtion of cone
jugeted hydzoporoxides. The amount of carotenolds
Cdesyroyed dincreased with wialag dosaga.

The effect of temperature on the reactions
cansed by lrradiation confirmed the direot elfeet of
the rays on both carobvene and linolele acild as wilih
lowering of ‘the temperature they were incveasingly

agtable.
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THORODUCRION

‘During the past few yesrs congilderable interest
has beon arcused in the pospibility off sterlilising
foodstufss with elther S on & ~wadlatlons oblained
from electrogtatic goeneratonrs of the Van dor Grasd owp
linear acooleratbor types ox from radlosctive waste
produets. Amongpt many resatlong induced in foods
gtuffs by the lonising affeots of theso radiations,
oxidative deberiopwbion of fat has presented a major
problems |

Tn 1950 Mukerjee'® weporbed thab wltre-violeb
light and Xersays induced rancldlty in budtew fat.
PThis only vook placye if oxygen was presend during the
radiation and there was wo peroxide formatlon when
drradiated in vacuo.,  After drradiation, there was
en inercase in the smount of pevoxldde Lormed Advwing
guorage when the bubter had deon irvadisted in oxyzen
but 1o incrvease in after effeets when irradiated in
vaouo oven if expoged bo alr alberwardss. He also
treated variouns pure selds with U.Ve light and found
There was & feoble formation of aldehydes with lower
fatty scids. Thoe unsaturabted aclds, linoleic acid

and linolenic acld, fommed peroxldets
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Humn et al in 19465 and agein Bde in lﬂ§@4
found that high speed cathode weye produced similer
veneldity in bubters The pevomlde values increasoed
with the amount of dossge reeeived bud the rale of
increase dld not appesr bo bhe Iinear. The ovangom
yellow colour of the bulter wes destroyed during
radiation. Thie was confirmed by Hannon and Eemg§
in 1952 uwing the electvon beam of a Van dex Graaf
generator at L.2 MeV. and they Lound that the amount
aﬁ peroxides fomaed varied wlth the temperature of
the radiation. Alsoy 1t appearod that bthe carotenold
destrvetion wes proporiéional o the dopage and the water
content of the syebems Tater Hewman and ﬁ&@ph@fﬁﬁ
reported dlscovering certalu secondary olfectn on
gtorege ag Mukherje¢ had found with Hwrays and these
varied with the temperaturs of sborago. The lowor
the temperature of both lrwadiation and storage the
greater wrg this incrense in pevoxldes. Hannan and
Baagﬁﬁ? have ghown that there ave btwo reactions going
on in the bubler, flretly the reactlon of the unsale
urated aelds and secondly a weactlon which they have
tentatively called the free wadicle chaln reaction.

The aftor offecot wag Ffound not 40 be relatod to the




Borbye, Brasch and Huber
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physical state of the bubtter bui only due to a
chemical effeot induced at low demperature. The
anpunt of peroxide formed depends on the amount oF

oxygen present in the bubber, the peroxide value roaching

a Limiting valve at sach oxygen level.

This alter effect has been weporbed by Astrach,
L

bﬂ -1

in irrvadiebed fich ollgy but
they also peport an Anitial destruction of the peroxidos
present in uatreaied olla

- In 1992 M@aﬁg’mhﬂwaﬁ hat when iin@l@iﬁ acld wag
lrrediated with Xeray the amount of conjugaied,
oxldised acide formed voerded with the radiation dosage
used but that 1L the awount of radlation wes kept conw
gbant the concewbration of produet boars an approximately
Linear relationship o the conecasntration of the substraoto.
Mrom his vesulbs he suggestad thelt the reaction was sine
ilar bo the fvee roadiele theory of avtoxlidation.
However, he reporded that tranagibvensg dsoners were
formed during radisbion bub in antoxldation cliso:clse
leomers bave heen nlways veporbed.

The soriking Jeatuwe obaerved during the, rediation

of bhutbter wan the bleaching of the vellow carobenoid
plgments presents This bleachlng vhich occurred during

the radiation continued on storage fox several weeks
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after drradielbions Since Lipoxwidase dnduced raneldity
of fats in charascbeprised by & similar bleaching of
asgooiated carvotenolds 1% was s mableyr of some Intorest

to mevige experiments with & view 4o ezmsmining

similarditlon and differences in the repcblon mechanlsing.
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The experiments ecan be dlvlded into two sections,
the effeet of the radietion on Hiretly pure linolele
goeld and pure 15—¢awmﬁam@ and seeondly on bubbor.

The gource 9Ff wvhe hisgh speed gathode rays was &
Van Dex Grasd generator cepable of delivering cathode
rays at enevglies up o 2.8 MeV in & working power
range of aboul 3,000,000 to 1,000,000,000 gron=-rep.
per minube. The electron beam from Yhis machine hog
g penebration ln wabter of 2 cms but 1% can eml&
peoetrate 1 ome Anto soldd material such ag bulber,

The Vin der Gesaf goneretor ip shown in Mge le
&n electron charvge s applled o bhe Past moving
insnlated belt and the helt carvies the chavge o a
high voldage berminals thus cresbing an electrlo
field down the lengith of the evacuabed acceleration
tube. Bleetrons oniltted Crom o heated cathode are
accelerated down the dube by this potential diilference
hotween the high voliage berminal and the lower end of
the agegelopators This clectron beam passes through
boamegcanning nagnetlo or eleatyric flelds which conlbrol
the laderal beam intenslty Qisteibution. Afber passing

through a six<ineh. aluminivm windew %He bean striles




%ﬂa materinl belng irveadiabeds This 1l pessed
Through on a conbinuous balb.

the rediabtlon doges were estlmabtod from the tlme
interval of exposure along with beam powep aaiaml&%i&mall.
Todependeont Geterminatlon of the dose for each sample
wag made by chemlenl dosimetrye Fhe oxidation of
ferrous soluidonsg by the wadlation 4o ferric was
egtimated by memns ol the Beckmen moded U spectro=

pn@ﬁ@m@ﬁewlgw

These solubions were placed in ampounles
and lrradicoted, lying hoprlzonbtally in the bellt, beside
the sanples

The roentgen le the Tundemental dosgage unld for
redlation end 1% is defined as o cewxdalo quantlity of
Lonisetlon, one rvoandgen being that quantity of
redlation which produces in 1 cos 0f aiy long carrylng
1 esu of elecbpicity of either sign.  That is one
roenigen Horns 2.087 x,lQB ion palre/oce Ap the
energy hecessary o produce one ion pair is consbhant
the roentgen o alse an energy unlb, 8% srge per grom
of alyr or 9% ergs per sran ol Lissue. Eﬁr‘alpha a1l
belia rays the vnild of dosage iﬁ'@ﬁ@ﬁ%@@ﬁm@@givalentw
phyaical (vep) which is defined ap that dose which
produces energy absorpblon of 93 ewgs pew gram of

Hlssne .
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is  Ldnolelc seld end B ~copotene

The Tinolelc acld wep oxemined Lowx tho developmentd
of eonjupabed hydroperoxides by the study of the ulbtraw-
i0let absorpilon alb gﬁd e  Thoe absorpilons were
measured 00 o Backmenn Speetvophobometer and the
pystems used wers as described by Blain, Hewthorn and
mﬂﬂﬁgb

The followlng rengents were usodyw

Reaction bullon

P 6.0 » 12 mls 0Ff /L5 disodivn hydrogen phopphale
and 86 ml. of M/L5 potassiun dihydvogen phospheote
diluted %0 H00 ml, with distilled water.

Gavotene sodubion
Le5 mg. of corotene (904 B 4104 X ) aissolved in
100 ml, of a mizbure of neobonomothanol (75/25V/V) .

Aqueons eavetle soda

2090 solution usped %o clarifly solubion

Alecholic caustlio soda

4 ge of coustle goda pollets dlssolved in 5 ml.
off warm dietllled water and dilubed bo 100 wml. with

athanole

Sodium linoleabe golubion

[

Tinoleio acid from the Hormeld Inetitution

sl e



(iodine valwe 1680,87) wos seponifled overnight with
slight excess of nowmal aleocholic canetice soda
solutdon and then diluted with dietilled water o
that one ml. of this solubion cowbains L mge ol
Linolelce acild.

The contziners used weve glass crysballining dlshes
soveraed with eluminium foil and the depth of the

solution rodisted was 1 cme from one diveotlon only.

lethod
(a) azotene

4 mle of carotone soluwblon were added to %0 ml.
éﬁ P 640 phosphate buffer and this solutlon wag
placed in & confainey after thorough miﬁimg; At ber
irradiation of this conbalner 20% caustlc soda was
added in the amounnt of 2 mles per 50 nle regoetion
mixture and after mixing the absowxplion al 4@5 e Was
Aimmediately found. The blank ueed condeined only
buffer and caustic soda in the awmounte given albove.
The control, made up iu & sinller menney o the sanple,
wae kept at woom temperature for the same time as the

sample was being dwradiated.

(k) Zinolelc acid

»

Ga8 mle of the linoieic seid was diluted with

50 mle 0f PH 6.0 phosphate bulfer snd lrrvadisted. After
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fTrradiation the pH was increased by the addiilon of
coustio soda as dn the eurviene determinetion. The
solution wes begbed agelnpt o bulfer/caustle soda
blank ab 254 mp and & control similar bo the reaclhion

solotion wag bogted ot the mame Hinoe

(e) Idnoleie sold end cnvolone

A golntion wae leradisted conbaining 0.5 ml. of
Yinololie aeid malm%imﬁy 4 mle vainotone solutlon and
50 mls o phosphate buffer. After leradietion 20%
eanotic sodn was added as in (a) and () and the
solution wasg shaken thoroughly. It was bested at
A 35 ] agoingt a phomphete bulfer/caustlic soda blank
and then 1% wag dilubted L:4 with pH 640 phomphate
buffer and the UV, aﬁmawpﬁiﬁn determined at 234 np
agalnst a phosphete blank. A gontrol wag run with
the same solution keeping 1% fox the samne length of

time ag the lrvadisied samples

Hotes

. Bsibiedlo

L« The carolene and linolele acid should not be mixed
wntll just belfove lrvadisblng.

2+ Whe linoleic acld must be Lresh because 0T the
danger of the bleaching of the cerdtens by preformed
peroxido.

3« fThe acetons absorbe in the weglon of 234 mp which
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inereases the eryror of the method and 1€ combinuved
work wes bolng done on this 14 would be habber to
improve the eyetem by uslng another solvents  HOWe
every vhe ewvor is swall with careful preparation of
hlanlks.

As The ecapotene should be gtored in a hrown or .
govered hottle alt voom bemperature snd the linoleic
acid should be filpmly ﬁmalai and stoved at 0° to 49.
B mh@ solution s ﬁe Geptod ap soon as possible

aftey jrradiation.

Phe butber was drradiatod in olroular tins 2 cme
thick and of diameber 7 ome ITT woe Grade AAA houpew
hold bubber and the whole buiter was used, Tho bubler
vas used as deliverad withowt any atbempt bo include
moye wabter or oxysen ap 1t was thought that egule
Iibpium conditions would have been weached by the
hubter Lrom the tine of packing. It would have boen
Aifficult o ropwroduce uwanetural condibions and in the
past 5t has been Pound that bthere ip dlsagreement
betweon the resulis when fob has been ﬂ@p&gg%a& foom
the bubbter and waghed with dilstilled water and
gsatarated with a&rs, AL eonmparative bests were

done on the same geample of bultiter. The cans were
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£illed with batber, which way smoothed down fipmiys
and fhon ﬁ@%l@ﬁ in aly and lrradleted on both sides
at approximaltely 0% uniless othoepwise stateds

whe butter was ﬁamﬁleﬂ iniﬁwa waysy o giudy
ﬁir&%ly ﬁh@~amﬂﬁnkaﬁ oonjugated hydroperoxides and,

goecondly, the amount of cavotenolds,

- Methiod.

(a) Conjugetion

045 e of fat worve paponified wiith 2.5 nl. of
“pormat sleoholic sodium hydvoxide overnight al room
temperature and then dlspolved in Aletlillied wiher and
made up te 50 mle 0.8 mle off dhis solutlon were

ndded to 100 mls phosphate bulfer and then 2 ml. of 204
psodium hydvoxide solubion weve added. Afber thorough
shalking 1% was btaested lmmediately at B30 mp ageinst a
buffer/sodium hydvoxlde blanks A control bubitors
uwnirvadinted, was tosted with the sample o make the

corvection for avtoxidatbion.

(v)  gCarotienoids

5 ge of bubber were shaken wup with approximetely
35 mle 0f aleohollacetone mixbure (?§/35V/V§mﬁma then
left overnight ot room bempoeveture in a derk cuphoard.
The volume of the golublion was made up o 100 ml. with

the alechol/acetone solution end Then the polution was
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thoronghly shaken ape  After filbeming the solution
was ‘besbted, at 465 mp using an aeetone/alcohol blank.
A control bubtler wan tosted in the saue way ap the

samnple.s

The fabt and the alecholic sodium hydroxide are
hested gently at the begluning of the saponifleation
in order to get thowvough miming, On calenlating the
resully the values of plgument destenction and inerease
in absorption at 250 wp were corrected Wy the control
velues so as bo eliminate the oxdingxy antoxlidation

effects taking place ot the gome Hime.
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Resulbe

The formation of conjugated hydroperoxides wap
followed by comparing &iw@uﬁ@ﬁ:ﬁh@ pphical densities
at- 234 mp»ﬂﬁ Tha ﬁ&lutimnwyi 'mh@ pergeniaga of
careobene destroyed in the soluwbtlonyss Cound by
calenlating what fraction the deerease in the optical
deusilty was of the opiloal denelty at 465 mp of the
oviginal solutlons

With bubber the oyﬁiaaﬁ densliitlon recorded weve
corraeobed 0 50 g Lor the carvodenold destrueblon
and 0.5 g« Ffor the Tormation of conjugsated hydroe
peroxides. The resullis were then treated as above
with the pure chemlcala.

Where the eoptpols are peported with the vesults
the labler have not been corvecbed wiith wespeot o
the controls.

With the 1inoleiewcanotene systbemns the different
gsoby of resulbs sre not dlwechly comnparable. The
age 0f the linolele acid was diffarent in some cosas
and 44 wag found that slighitly oxidlsed linoleic acid
forms conjugated pepoxidds mﬂﬁe readlly then freshly

prepored linolelc aclde
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0 ’ 015 100
Radiation dosage (rep x 10'6)

Fig, 2

The relationship between diene conjugation and radiation
dosage in phosphate buffer at pH 6,0

Upper ocurve: 2 mg, per cent linoleate

Lower curves: 1 mg. per cent linoleate
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(a) minoledc acid.

in Pes 2 are recovded the resulds of dwo experiments
compailng the formation of conjugated hydroperoxides
at didfereat lovels of ecwthnde padliation and 1t can be
seen. that the method is weprodugeables  The amount of
conjugated hydvoperoxides fLormed On rediatlion lncreasen
with increaging dosage and the pelatlenshiy is
approximately linesry with no Galling offf at higher
GOBASS S It was also found Hhel inoreasing the
goncentration of Iluplele acid in the golutlon.

inereased the conjugation approximetely in proportion.

A

TABLR I
TffLeot of bemperaives on irradiation of linoleie acid
(congentration of linolele seid 1 mge/100 ml,)

(Domage = 639,000 reop)

Pemperature ﬁﬂl - 40 b/ w10 ~50

Absorpbion ab | , , o
234 mp D042 04,109 0301 0075 0.064

Takle T shows the affect of btemperature of
ireaddation on the degree of sonjugation lu the linoleic

acid. Thore i 8 decresss in conjugation as the
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temporatore Ls loweyed. This is nobd In agreoment
with the repulils obbained by Q%Mérﬁﬁ on bubter which
ghowad an lncrease in bhe amowrhs of omldation as
delbernmined by other methods vwilth lowering of
tenperature of padiation, Hydvoperdxide Lovmation
pogoeiated with diene conjumation woulkd normally
lead o subsequaent polymepisatlon 0w other secondavy
reaobions of the fatiy acid chalng, which in Huen
would be asgoclated with loss of absowptlon at 234 npe
There gre thus Hwo possible explengbtions of thie Table.
The lowaring of dempewvatwee might elther result in an
overall decrease In oxidastiong oz albernatively su
ineveane may have balken place whlch wag magked hy
gecondary resotlon produeito.

The mecond conclusion goeng the mowe pyobable in

8

view of Honmaots™ data on bubber, and the gtorazs dala

glven in Table ITY lends support Ho this views




TABER IX
Bifaot off storage on linoleic ncld alter irreadlation
(eoncentration of Linelele acid L mg./100 Ml.)

(Dosage = 639,000 wop)

mempewaﬁuxg ol

storage: 40 3 =16 =30

Absoypltion at 234 mp Control o
on irrediation D048 04103 0210L 04075 04084
Abgorption ab 234 mp
after storage fov
4 days Gelld Da002 04042 0,018

Abgorpbion of contwol | '
254 mp afler 4 days 0125 04084 0,048 -

It appeoaws thet eborage ot high btemperatures cauvsed
inereased conjugadtion while at lower bempevatures 1t ig
gradually decreasing. When compared with the controls
it 1o seen that there is an incwesge off conjugation in
them An all casern oxeept -16% which vemeins the same
and that in all cases lovadiation deoreassoes the amound
of conjugation daking place ivn linolele aclds on
sh0TRge . The rapid increape in absorpiion of the
conbrols stored at 40° ena 3° ie of 4he patlorn te be
expectod from normal avtozidation wnder thdése oo
ditionse Sines dusl inteprpyotations may he placed on

Thege nesulba, arising from the uwge of diene
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Radiation dosage (rep x 10-6)

Fig, 3

The relationship between carotene destruction and
radiation dosage

Upper curve: 0,12 mg, per cent carotene dispersed
in phosphate buffer at pH 6,0

Lower curve: 0.12 mg, per cent carotene in presence
of 1 mg, per cent linoleate in phosphate
buffer at pH 6,0
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conjugation as a oviterion of degree of owidavion, the
questlion of ‘the valldity of this method arisos. This

will he dealt with in the discussloi.

(b) CGarvotenc.

Mze D shows the elfect of drradiabtlon on syeiems
‘cantaining p~¢ax0ﬁan& ln the abgence of a Latty
gubgtrates The carotens is directly destroyed by ‘the
rodistion and although there is a bolling offf ab
higher dosages this could be due bto lack of avallability

of oxygen or of carotenes

TABLE  IXX

ftent of bemporabure on leradiation off carobene

(Dosage = 639,000 reop)

Temperature “c A0 3 wlB w30
% Deptructlon 91 HG &7 42

As Pable III shows freezing deeresases groeatly the
gffect of lrvadistion ag would be egpecied from standard
radlatlon theoriog, i€ carvotene is diveatly affected by
the donlsing rays. It was oltenpted to directly
obiain storage effeats, bul bleaching was po rapld in

this system that the wesulbs were inconclusive.
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{¢) Carvotene and linolelc acld together.

The lower curve in e, 3 shows that the Linoleie
acld ingtead of acting ae an activating agent, ag wourld
e expeeted weve ‘the Lipoxldage wnalogy corvect, asctually
has n protective agblon towards the Qﬂroﬁﬁﬂﬁat With
hipgher dopages Uhe anonnt of carotene destroyed, instead
of being constant with lnereesing dossge ag when
earobene is ixvadliated elone, ineroages pgraduallye
CAlthough brested b0 Tthe same dosage the amnount of
carvobens deetroyved ALd not reach the maximum amount,

namely %%, obtained on jrradiabing carolens alono.

TARL® IV

fect of temperature on radlailon and stovage
of linoleate-carotens mixiures

(Dosage = 659,000 pep)

i

Pemperature ®0 40 % -6 30

% Deogtruekion of
Carotene

gt
-3

Zere shorage 72 80 27

fasy
Ly
el
]

4 days storage. 535} 94 -

There in loagt degtmacition OFf carotene ab lower

vemperatures agaln conlirming the direct acition of the




radiativos on the carotene inpgtead of through the
hydroperoxides as predicted. Theve is o slightly
graater degbruebion of the osrobene atb 39 $han ot
20 which may indicate that there mey be sone action
through the pewvoxides. Agoin there is leoss
degtruction of the pigments than when carotene is
irvadioted alone at 407 snd at ~16° bt at 37 and
«30° fhere 18 more deslruetlon of the earolene in
the prosence of linaleia aclde

Tﬂ the oborage L@mba the anovnd of eavotbens
damhroyad during the gtorage period im greatest at
+30% alihongh the total amount of carolene desbpoyed

ﬁuxim@ vaaﬁaa%¢0n and sborage i lews than ol ﬁﬁ;

naBLn W
Variation of linolalce acid concentration

(Dosage = 297,000 »ep)

Congentration gf Linoleic

aeld (= 1L0™¥N) 0 178 B.H8  TeL5 J0WTL
% Degbrueiion of carobene BT %56 23 50 70

Toom the above table it de gseon that ssg the
amonud of linolele acid is inereased 1ln the golutlion the

amoun of caroltene destreoyed Mrglly decwveases bdutb

then after a cortaln minlmum of degtrucition at aboutb
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%58 % 1079 Tinoleto seld the anouwh of carvobens
destroyed incresges. The esrotens desfruotion thusg
varies irvegulaply with the amount of uusatuveted acld
pronent in the soluwtion and e possible explonaltion is

auggested in the discussions

Prom the wesults shown in Mlg. 4 4% ip seen that
B-rays attack the fav snd plgnents in bulbor in a
dlfferent way from that with the pure chemleal gyeten
The conjugated hydvoperoxides and the plgment in the
hutter arae both decreasing wilth dinereasing dosage butb
there is no simple relatlonship beltween thems

Pable VI ghows the deptruetion of pigments undep

varylng eonditions of ixvadiation and sforage.

TABLE VI
Bffect of storage on bubder after iwvradiation
F

% Destruetlon ef plaments ‘

Storage Temperature °0 - 40 b I X -50

Time of eborage (days) 0 3 3 3 3
Trrvadiated Tenmpervatbure %

A0 20 12 76 55 57

2 24 3% 52 69 90

] 5 B8 a1 90

»30 24 40 359 96 67
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thought but thope irradiated a¥b wléﬁ and 3° and slored
at =507, The plgments in the controls were all
destroyed to a lesser exlent then those drradisted.

Ta most cases there is mowe conjugation at 35°
than at 40° but there is 8 degroase again to ~16° and
then a rise at ~30%.  Whe highest amount of annjugetion
ogours ab 39 g irvadiated Lemperabure and ~30° ghorase
temperaturey one of the Gemperveaiure combinations where
thore is bhe highest destructlon of plgment.

Agaln there ig lesgs Lommatlion of conjugated hydroe
peroxides at 3% and =16 in the irvadiatod gamnple
ponpared wiﬁh‘ﬁha uniperadiaged sonpleo. Agaln in thig
experinent the possgibllitles of o dual inbevprotelbion

arises and this will be dlscusped labera
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DISCUSHION

Th 4o evident fron the experimentol deba that there
is no pavallel belween the elfset of B wyadiation and
that of lipoxlidase on the carotone~linoleate syubenm
described. Horeover, the bhlesching of bubter under the
pane conditions of wadiatlion appears (0 follow a some~
what different mechanism %o thal of the caroteng
Linoleste sysbtons :

lawotene dn directly destroyed by B ~radiatlon.

The prosence of linolele epid in concentrations of up
o 2 mg. par 100 mle exerts & certein prodegtive
influence on the carotens bud ab higher concentratlong
thig effeat decwreanes. This ¢ffeet may vefleot the
Alepersion of the system vether than a fundamenial
charvacteristic of the cadiadion effeots At low levels
of radiation the carotene degbruebion cuvves are similar
in the presence and sbpence of linolele acid, bub atb
highey levels the rate of duyrolene desmtrpuchlon ig
greater in the presence of 1inolelc acid. The
destruediion cuwve for cavotonolds in buldter is of a
sintler form Go that of the Lindlele acld-cproteone
gysteon end it may be Tthalt analogous reactlons aid
taking placee

In the ahesenege of earotone, llnolelc acld oxidisoes

under the influence of P ~radiation. Using conjugatlon
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a8 a erlberion of oxidation the weactlon approximates
0 & lineay funoilon 0f radiation dosagos Owing to
gerious Interferenge from the blanks it was ned
posagtible o cbitaln velisbhle Figures foxr dlene cons
“Jugatlion An presence of caretene in the wmodel systcms
In bubter, howevery the sbgorpblon at 2354 m docreased
with incressing dosagas Ho ezmplanadlon can he given
for this phenomenon on the avalleble Oata hat the
posgibllitles of polymeylsation mlight he looked st in
Tutvre studies. The oxidation of butler Lat on

-
drradiation has been repowted by previous workers,”?
65748

»

Hennan and Boag T

found that the effeets of the
lrradiation of buttor veried with the temperatore oF
the nabarial at the time of lrradiatlon. Stoudles on
bhoth the modeld system and on bubber at verlous
temperatures of lrvediatlion revealed & vather complex
pietures ‘ﬁawem bonperatures deoreased ipradistion
glfeots on both sewobene and linoléeie acid when they
were iwvadisted alones In each other's presence the
effect on cavotene decreased with @@armaﬁigﬁbﬁamp@ratmr@.
With butier the greatest destruciion of carobenolds {ook
plage at -Ll6°,

The effect of gvovage afbey lvradietion ab various

tempersiures was algo complex but the generalisation may




be made That the lower the gborage bempervatuve and the
lowex thé irradiotion temperature of hmﬁﬁ@r the greator
ig the less of @igmﬁnﬁw |

The date on abserpbion at 234 mp with bubter shows
a deorcase ln absorpilon with inereasing dosege and 1%
wonuld be of intervest 4o sesk Furdhewr information on
this pointe A% the sems tine izvadlated samples of
linoleie aeld aftor o wparked inereane in onjugation
immedianticly after jrveadiation showed a subpeguend
decroase in sltovaso. Both weauire fuwther explonatlone

One explanation of the vamiaflon in these resulds
may bhe fhaﬁ two preactlons are taldng place on iprrade
iation and atorages  Plratly, Gheve is a.farmaﬁian‘
of aconjugated hydroperoxrldes andy secondly, o breolie
down oxr polymemisation of theose b0 furdher oxidetion
produciss T3 pone eased the second reaction may be
taking place to a greostor exbent than the first and
therefore there is sppovently less oxidetion an
measured by absowption at 254 e

It would therefore appeayr that this nethod of
determining fat oxildation due 'Ho prodiatlon might nob
ghow the whole oxidation thet wag %akimgwgim@@ as bhe
primery oxidatlon at high dosages would procesd oo

quieckly to +the secondapry proaducts and therefopre would
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not be measureds  However, it hap indicsted the routbe
by which these oxidations take place, and If used in
conjunction with other methods of mespuping Lfat
oxidation would show more olesrly the breakdown of
fats by F-radietion.

The syebom used, with linolele seld and carobene
wonld seem W0 be well adspbed to the sbtudy of the

affeat on aatioxidents in the radistion ol Labs.
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