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SUMMARY i

One of the wain problems involved in studies of the nature and
action of the unsaturated-fat oxidase, lipoxidase, has been the similarity
of the lipoxidase reaction to haematin-catalysed oxidation of unsaturated
fata. While it would be comparatively easy ts distinguish between the
actlion of haematin-free lipoxidase and lipoxldase~f'ree haematin with
existing methods, crude plant extracts contain mixtures of the two systems
and may give rise to confusion. The characteristics of such mixtures can
only be adeguately studled if haematin~-frec lipoxidase i1s available,
and while purified haematins can be fairly readily prepared, the isolation
of lipoxidase presents major diffioculties.

This thesis reports the examination of 2 number of mecthods of
purification and deseribes the subsequent separation of a highly active,
haenatin-free lipoxidase.from soya=beans. The fractionation procedure
involves precipitation of the enzyme at its lsoelectric point with
ammonium sulphate.

The characteristics of the haematin-free lipoxldase system are
defined using a method of assay which depends on the spectrophotometric
measurenent of the diene conjugation developed in sodium linoleate by
the enzymic action. By means of a slight modification of the lipoxidase
assay, the unsaturated-fal oxidese behaviour of the haematin compounds
ig also examined.

The work descoribed in this thesis includes a study of
lipoxidase~haematin interaction. The effect of haematin on lipoxidase

behaviour is examined, using the direct spectrophotometric assay systems



with respect to such variables as pH, reaction time, linoleate
concentration, hasmatin concentration and lipoxidase concentration.

Rapid breakdown of' the hacwatin molecule in the lipoxidase
reaction system is described and the influence of haematin decomposition
on diene conjugation in the adopted system is discussed.

Alded by these studies, attention is given to the
unsaturated~fat oxidase behaviour of crude soya extracts. The characteristics
of soya extracts and of lipoxidase~hacmatin mixtures are examined and
compared using the diene conjugation method of assay. Arising from
the data obtained, it is concluded that in unseturated-fat oxidations
catalysed by crude plant extracts, possible interference from haematins

cannot be overlooked.
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PREFACH

Cevbain enzynic Tactors present in plant tissues
are capable of catalysing the oxidation of unsaturated fats.
These unsaturated-at oxidase systems are known collectively
ag bthe lipoxidases.

Compounds containing the haematin grouping have been
found to catalyse similar oxidative changes in unssturated
fats and these heematin compounds are ublguitously
digtributed in plant tissues. This vailses the questlon as
t0 whether extracts of plant materlal owe gome of their
vnsaturated-fot oxidagse activity to the presence of
haematins ags well as to lipoxidase.

The possibility of haemaltin lnterseting adventitiously
with lipoxidese in fat oxidations catalysed by crude plant
extracts has received little coansideration. Furthermore,
many veports of lipowidase activiiy in plant tissues have
been baged on evidence which did not exclude the possibility
of haematin catalysis.

This thesis represents an attempt to examine the matual

interaction of the two systems.



GERNERAL

INTRODUCTION




M?A#

GENERAL INTRODUCTION

The vasatuvated-at oxidase, lipoxidese, has baeen
the subject of conglderable study, and a aumber of veviews
have surveyed the extensive literature on lipoxidese (1, 2,

685, 76).

The ensyme has been shown to oxidise only those fetty
aclids which contain the pentadiene structure,
0 = GH « GHy = O = @He-, with the double bonds in the
9, 10 and 12, 13 positions bto the carboxy group.

Aeccording L0 a vumber of earllier luvestigators
( 3, 4, 5 ), only those aclids having an unsaturated linkege
in the 9, 10 position ave atitacked by lipoxidase.
Balls et al. {6), however, in 1943, found thaet of a
runber of wasatuyrated fabty acids only linoleic, linolenie
and arachideonie formed peroxides when oxidised by
lipoxidage; work which was later conlivmed by BHolman
and BPure (7). From this evideuce 1t is appavent that
the position of the double bond in velation to the cavbozy
group is not erltical, as the fiyst double bond of

arachidonic acid is probably in the 8. © pogition.
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In 1947, Holmen and Elmer (8) showed that only the naturel
isoners of linoleic and linolenic aclds, in which the double
bondg are cis, are substrates for soya-bean lipoxidase,
vhereas the elaidinized or trans isomers are not. The
conjugated isowmers of linoleic and linolenic aclds are also
apparently not attacked by lipoxidase (7,9).

It should be pointed out that the fatby scids conteining
the cis~cls pentediene grouping are regavded as being
matritionally essential. It is not knowan, however,
whether any physiological signiflicance can be attached
to the speciliclty of lipoxidase for these essential fatty

acids.

On oxidation by lipoxidase, linolelc acld gives
absorption peaks ot 254 my which have been shown to be
indicative of the presence of conjJugated hydroperoxides
(7,10,11,12) . Infro-red studies bave shown these hydroperoxides
to consist of cis-trans and trans=trans conjugated isomers (13).
I the reaction is allowed to proceed further, carbonyl

conpounds are formed (14) and breaks occur in the

unsaturated fatty acid chain (15).

Finding that the lipoxldage oxidation of linoleic



CH4 (CH, ) 4CH=CHCH,CH=CH(CH,, ) ,COOH
CHy(CHy) 4CH=CHCHCHCHR  CHjz(CHg) .CHSCHCHCH=CHR  CHy(CHp) 4CHCH=CHCH=CHR

CHx(CH, ) JCH=CHCH=CHCHR CH5(8H2)4CH=CH8HCH-=CHR CH5(CH2)4(CJ)H0},=GHCH=CHR

0

0 0 0

H H H
2,4 decadienal 2 octenal hexenal

Holmanis Chain Reaction Theory
Figo 1 .
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acl.i leuds to the Jovmetion of conjugated hydroperoxides

which are further oxidised o carbonyl compounds,

Holmsn {16) and Bergstrom (10,17) suggested that o chain
reasction wechanlism similay Lo autoxidation of linoleante

was Galking place. The suggcqt@d mechanises is shown in

Flgure 1. Farther evidence of the similarity of the liponidase
reaction to auvtoxidation was obtained when antioxidants were

ghown te '@%fqmglv ﬁgiibmt bhe enaymic oxldation{18).
Tappel, Bover and Lundberg (19), however, noted several

differences in the decomposition 5? linoleatebrought about

by auntexidation ard by catalysis with lipoxldase

respechlvely. For exauple, the extlootlion coefficient

at 254 m for the peroxidesg formed in the presence of

lipoxidase was higher then that$ which resulted frow

the auntoxidation of lincleate and corvesponded to complets

gonjugation of the double honds. This could be expluined

if the lipoxidese system only adds oxygen at the outside

carbon stome of the unsaturated group of the linoleic weld

vielding conjugated products. Morcover, studiss of

antioxidant luhibitlon of the reaction shoved the antioxidant

NDoGeho to be rvapldly des 'ﬁ*“{;‘ma&. in the presence of lipoxidase



R.CH=CH.CHp -.CH=CH.R' 4 Lipoxidase + 0,

R.CH=CH .CH,, .CH=CH .R’ 0g

// Lipoxidase \

»
R.CH=CH-CH=CH.CHR' OOH

/ Lipoxidase \

H
0
0
R.CH=CH .CH=CH.CH.R
/ -Lipoxidase A\

amny

Lipoxidase + R.CH=CH.CH=CH.CH.R

(@]

¢

Tappel!s Reaction Mechanism.

Fig. 2.
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apd lipoleate with little Or no concomitant oxidation of the
linoleate. If the resction wes a chain reaotdon it would be
ezpested 1o give conjugated products in the presence of
antioxidants.

To veplace the assumption that the oxidation of
linoleate proceeds ag a chaln veaotlon, Teppel and co=
workers proposed a mechanism more like that of a simple
engyme systenm in which they suggested the formilon of
a biradieal from linoleste and oxygen on the ensyme surface.
The biradical may sccept electrons from the antioxidants,
or may vreant Lo give the confugated linoleste
hydvoperoxide. The mechanisu propoaed by Tappel et al. (19)
is shown in Flgure 2.

Holumsn (11) had previously reporited that pure
Lipugidase is net inhibited by pyrophosphate, {lueride,
cyanide, aside, mevoury ilons, pe-nsrouribenweoate or
Alethyldithiccarbamate, thereby indiceting that nelther
beavy metals nor gulphydeyl eoroups are concsrncd with the
functional activity of the =nzyme.

Sidadql and Tappel (20) recently put Porward a
reantion mechenism to explain how the ensvme brings

ahont the sbatraction of an =lectron or a hydrosen abom




from the methylene group of the fatbty acid without the ald
of 2 prosthetic group Or cocnsyne. These workers sugpest
thet the lipoxidase protein acts ag an electron sink
whereby it osn monentarily hold an electron from the

e~nebhylene group of the linoleate thus allowing oxidation.

Certain substances have been shown to have an agbivating
effeot on the lipoxidase reaction. Balls et al. (6) and
Theorell and co-workers (77) believed that lipoxidase is
agtiveted by a polypeptide pregent in soya=beans. A
polypeptide which could augment the ensyme activity by as
mach as 5007 was isolated by Kies (78, 79). However, in the
single-phase sodium linoleate substrate at pH 9, orystalline
lipoxidase has been shown to requlre no such "aectivator" (11).

It s likely that the need for an asctivator demonstrated
previously ls & property of the emulgion systems used, and that
the activator, probably through some surface-active sgency,
stabilises the system in such & way that the substrate becomes

more avallable to the enzyms.

Lipoxidage oxidation of unsaturated fatby acids may bhe
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agoompanied by the soncurvent oxidetion of substances
present other than the primery substrate. Thus, the
enzynle oxldabion has heen shown o induee the oxidative
destruotion of vitenin A (21, 28, 23), carotone and other
cavotenoids (3,4,24,25), zenthophylls (4), ehlorophylls (4)
and gortain dyes (4).

The goupled oxidation of the above plgmenbs would
appear 0 ocouvy by the inberaction with sone inbtermeldiate
in the enzymie peronide Pfoprmation (5,84,26,27).

The liponidsse-linoleate system has also been reporbed
to oxddise other systoms such as aninowacids (29), ascorbic
aeld (4), heenin (30) and glutathions (31).

Lipoxidase aobtivity hos been reported o ocour in a
vearicty of plant tlssues and Iists of plants which have been
shown to conbtain the ensyms are given by soveral %uthafs
(4, 92, 33).

Lipoxwidase has been dotested in certaln vegetable
tisgues such as potato, potato Juice and aspavagus
(4,54,35,56) , bub has been found to ocour most nobtably in
leguminous seeds (2,57,38,39,40,41). Soyawbeans are a
particularly active gourse of the enzyme and the

na jority of studies heave been carried out on extracts of

A
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defatted soya. Only from soya has & pure orystalline
lipoxwidase been obtalned (42,48).

Sumner (44), in 1945, demongtrabed the prescuce of the
enzyne in wheat flour, and Miller and Kummevow (45) later
oompared the aotivities of wheat mill freetions with that
of soya~beans and coneluded that the greatest activiity is
found dn the gorm fractions. Blain and Todd (448) showed
that the soubtellum and eubiryo ave the most aotive centres
in the whealt berey.

Higtochenigsl studies of the unsaturatedsfaot oxidase
sebivity of numerous plents have been made by Van Fleed
(47,48). Activity was found to be high in the scedling sbage
of planbts grown in alkeline nediuvn. The oxidase was
reported to be mogt active in reglons of the plant that
are neutrel oy allkeline, where water logses coeur, below
wounded aveas Ov where anbloxidents arve ineffective.

The teehnlques used in losalising these oxidase systems,
howevew, afe not of a sposific nature and it cannot be stobted
with cerbainty that lipoxidases ars respounsible for the
gffocts obseprved.

The lipoxidese content has been shown o decrease

in germinating soya~beans on the gecond day efter planting,
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simultoncously with a redustlion in the linoleate and
lindlenate contents (49) + The gﬁﬁu&l funetion of the
enzyme in the germization process is rot known but
Holman (50) has suggested that lipoxiaage may aot upon
the wisaturated acids to inltiate thelr conversion to
other netabolites .

Lipoxidase has also been found to take perd in the
early stages of germination of corm seedlings (51) and

of peay (31)

Much effort has been devoted to {the identification
of the oatalysts in animel tissues regponsible for the
oxidation of unsaturated fats . Since the only known
ensyne which calelyses the direct oxidation of
unsaturated faty with oxygpen is lipoxidase, some
investigobors have suggested that lipoxidase may be one of
the unsaturated=fat oxldation catalysts present in animal
tissues. However, there has been a great deal of
conf'lioting evidence as to whether an animel lipoxidase
exists, or whether the oxidizing catalysts are in Poct the
heematin compounds of animal tissues. ( The term

haswatin 1s used here in the sense established by




Lemberg ond Legse (112) to indicate iron porphyrin

compounds in generel, irvespective of valenoy.

The ahility of the haematln or iron porphyrin
compounds o ocatelyse %heéoxiaaﬁion of uns&tur&ted
fats has béen‘w&li established. Robinson (52), in
1924, Pivst deseribed the seeclerating effest of
hasnoglobin an the vate of amid&ﬁion‘aﬂ enulgified
linseed 0il.  Im 1938, Barvon and Lymen {55) noted
the eatalytic effect of hmemin on the oxygen upteke of
emulsified linseod oil. Reporting inhibitlon of the
catolysis by antioxidants, Bovron amd Lymon svggested that
a chain reaction neohanisn might be involved . Hourowlts
et al. (54), in 1941, found haematin to catalyse the
oiid&ﬁian of clele avid, although to a lesser extent than
that of linoleate or linolenate, and observed, also, that
during the satalysis the haematin compound was destroyed.
tn 1944, Banks (55). in o study of the ecilon of hecwatin on
linolelie aoid, pointed out that the cabalyst is not haematin
ibself, bub o cohbination of heematin snd linoleate peroxide.

In the same year, Simon et al. (58) showed sytochrome C to
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catolyse linoleate oxidation.

Heanwhile, attempts had been made to debermine
whether or net enimal lipoxidages se distinet frowm the
haematins of animal tlspues, did ocouw. Baxks (87} in
1957, demonstrated & heat-lebile gysten in herring misele
which stimlated rangidity in herring oll. He subsequently
found that haam@ protveins are involved in this oxidation,
and that the propevties of this engyne gystenm are quibe
unlike those of soya~bean lipoxidese, hevivg opbimunm actlvity
at low pH values (55). In the same year, Lea (58) found
2 heab-labile systen in pig miscle whieh accclevated Pat
rancididy. Wabbs and Peng (59}, however, ativibubed the
fat oxidage seblvity of plg muscle to the myoglobln and
heemoglobin present. Relser (60), on the other hand,
believed the catalyble offect of agueous extracts of bacon
adipose tessuve 4o be due to an onsyme. He based hig
gonolusions ou the heatestability of the catelyst and on the
fact that afber the rewoval of the haene plguents ocatalysils
still occurred . Bedng unable to repeat R&ise?ﬁa £indings,
Tappel (62) suggested thet Reiser's method for dcteoting traces
off heemoglobin was nobt sufficlently sensitive and concluded

that pork tissues ave free from Lipoxidase.
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Hove (64) ezemined extracts of rat gastric mucosa
which he found to have unsatursbeld~fat oxidese aotivity
not due to h&emeélﬂbin v

» More recent c¢lains of lipoxidase acbivity in
aninal tissues bave been made by Clegg and MoIntyre (65),
working with liver extracts, and by Khan (66) who examined
Pigh tissues, but none ¢f these workers produsel evidenoe
to show that the observed activity was not in faot due do
haenabing .

Tapoel (6?) carried out a study of a wide veriety of
animal tissues and eonoluded that the haemetin compounds
are the predominant cobalysts for unsaturabed-fat oxidation
ocourring in animal tissues .

Tappel?s method (62,87) of differentiating between
haematin oxidation and lipoxidase oxidatlon in asniwal tissues
was bosed on the fast that haemoglobin catalyses linpleate
oxidation only in hetevogencous systems, whereas soya lipoxidase
ocatalyses ovidation both in heterogeneous and in homogeneous
syastems » Barller workers had also reported haematin
oakalysis to oceeur in hetevogeneous systems (55,105) .

4 more vesent vroport by Maier and Tappel (106), however,

bas shown that haemoglobin and haemotin catalyse the
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oxidation of homogeneous as well as heterogensous
linoleate sysboens.

While soya lipowidase and the unsatursied-fab
oxidase systens of animal tissues weve Lound cepable of
patalysing gimilar oxidative changes in fals, the reaction
mechandsms of both types of asystem appeaved 4o be different,
for soye Lipomidase, unlike the bhaematin compounds, wos nob
found o possess a meballic prosthetic group (43). This
led to various workeps putting forward eriteria of dlstinetion
betweon Lipoxidase sund heematin, bagsed on &ffervences in reaction
kinatics of the two systensg.

Thus, Toppel (68,80) confirmed the eariler Pindings of
Rarvvon and Lymsn (853) when he showed thet oxidation of unsat-~
urated fats in the preseuce of haemetln compounds proceeds
vin o chaln rescotion mechanism. Tappel alsc found that
this was not the dase with the lipowidase veaction, and
suggested an alternative mechenism (19). It should be
rointed ouvb, however, as mentioned previouwgly, that Holman
(36) congidered pure lipoxidase o initlate a chain
reactlon meghanisn and that olthough repults in gupport of both
theories of the lipoxidape wvesction mechanism have been obtained,

they have not been conclupive encugh to conlirm one or the




other.

Long, unexplained induotion periods whioh moy be
abolished by addition of linoleate peroxide (55,60), have
been vreported as being a feature of baematin eatalysis
{62,68,69, 71) bubt not of the liroxidese reaction.

However, a more recent eritical study of soya lipoxildase by
Hadming and Azelvod (70) has shown that an indnetion period
does ooour in the course ¢f the lipoxidase~oatalysed oxidation
off sodium lineleate oand that the induction period can be
eompletely abolished by the addition of traces of linoleate
peroxide.

Cyanide dnhibltion has also been used as o criterion
of distinction between the two systems.  Boyd and Adams (71)
showed that oyunide, in very high concentrations, completely
inhibits haemstin action and that of animal tlssue extracts,
but not the action of soya lipoxidage. On the other hand,
cyanide has been reported to be inhibitory towards whest

lipozidase (72).

There sre therefore, two classes of unsaturated~fat
oxideses, the trve lipoxideses whlch ave bellieved to be without

e metadlic prosthetie group, and the haematin compounds, whioch
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under the appropriate cirgunstances are able bo catalyse
the oxidation of fats in a rather similapr fashilon to the
lipoxidasos. On eonsidervation of bhe available évidenae,
however, 1t would seem that the “lipsxidase aaﬁiviﬁy,’in
animel bissues is due bo haewmating rather than lipoxidese.

The differentiation of catelysis Gue to haematin
compounds from thet due to lipoxidase remains a perplexing
problon,

The haematin goupounds are kovwn o occur in fairly
large amounbs in plant tlasues (75,74) in the form of
eybochirones, cabelese and peroxidase, some of which are
soluble in aqueous extracts (75). Bince most of the
garlier studies of the lipoxidasc resction were carvried out
on orude plant extracts ob a time when the significance of
hasmatin catalysis was nob fully spprecioted, the question
is ralsed as to whébher wany of the effects attribubed to
lipoxidase in plants ave in fselb due to haematins.

Adequate methods of disbinguishing between the action
of Lipoxiduse and that of haematin compounds unecessitate the
uge of pure preperabtlons and while pure haomabing may be

veadily obteined, the purifiication of lipoxidase presents
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major aiffisultles. The guecessful isolation of lipoxidase,
from soyasbosng, has only been reported -onee{42,45): work
which hag not gince been repeated.

While 1t would be relatively sluple to disbinguish
hetween the action of lipoxidose-free hoonatin anl hasmabine
frea lipoxidagse with exlsting experimented nethods, plant
extroots contein mixburces of the two systems and zive rise
o gonfualon. The ohavacterdstics of sueh mizbures can
only be properly studied if haomaiin-free lipoxidese is

available.
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OBSERVATIONS ON THE PURTIFICATION OF LIPOXIDASH
1. Previous Attempts at Purification of ULipoxidase

Partisl puriflcation of the lipoxidase of sova~beans
has been reported by varlouna workers. In 1943, Sullnman
(80) prepared a 86-fold soncentration of the enzyme by
fractional precipliation of an agueous soya extract with
acotone. Balls, Axelrod and Kies (6), in the same yeor,
reported the separation of o fraction which had a specifle
activity 115 times that of a 2+5% water extract of soya.
Ballg and his co~workers used ammonium sulphate as
precipitont et pH 6°8 and found thet nost of the activity
wag precipitated between 0°47 and 05 saturation.

Cosby and Sumner (81), using & simpler method of
ammonium sulphate fractionation, obtalned a 60=fold
consentration of the enzyme. They extracted the enzyne from
the erude soye menl by means of a potessium alum solution,
thereby avoiding ballast maberial. Latber, Fraonke et al.
(15(, alno using ammonium sulphete Practionation, obteined a
32=fold congentration of the enzyme,

A very simple method, involving preoipitation of the



w18

enzyme In the eold with 0¢5N disodium phosphote, was used
by Sumner end Smith (25) who reported a 50-fold
soncentration of the ensynme.

Using an Limproved method of assay, and by means of
:) @ethoﬁ of fractionation based on the original ammonium
“pulphato method of Balls et al. (6), Theorell, Bergstrom and
Mkeson (77) obbained a 588-fold concenbtration of the enzyme
on a dey weight basis. The fractionation procedure
involved a complex combination of precipliative and
clectrophoretic mebthods, awnd the preparetion obtained was
identifled as a globulin of moleculay welight 76,000 « 80,000,
On clectrophovesis, however, 1t was discovered that the product
was not o homogeneous protelin.

In the same loboratory, soya lipoxidase was finslly
igolated in 2 cyystalline form in 1247, by Theorell, Holman
and Akeson(42,45)., The scheme of seporation used was bused
on the previous work of Theorell, Bergstrom and Akeson (77,82),
which involved the use of amonium gulphote ag precipitating
agent. The enzyme was extracted from soyo-beans with
pH 4°5 acebate buffer, since 1t had bheen found that an

oxtract made ot pil 4*5 1s a purer lipoxidese preparatlion than
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one made at higher pil values (83). The gumny meterial
present in the exude entract wes removed by precipitation
with lend and bariuvm acetates, and the activity was then
precipiiated from the solution with emmonium gulphate.
The active presipitate was redisaclved in a amell amountd
of distilled water and the albuning were removad from
solution by heating o G5% . for 5 winndes. Practlonal
peegipitation of the solution with ammonium sulphote
produced an active fraction between 38/ and 50; saturatlon.
This previpitate was teken up in phogphate hoffer and
froctionated with aleohol at 0%G. The eotive waterial which
peecipitated out at 12. aleochol was then further fractionated
with ammoniun suwiphate and the active concentrate subjeeted
Ho eleotrophovesis on & prepdwative Tiseling spparatus.
Orystellisatlon of the enayme was echieved by dielysing
fractions from the Tiselivg appovatus agalnst ammonium sulphobe
solutions of incwessing concenbrabion.

The erystalline preparetion, which had a specifie
astivity of 850 wolts pey mg., represented a 115-fold concentre-
tion feom the crude buifer soye exbract on a dry matler basis.

From studies of elegtrophoprebie moblility, Theorell and his
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comworkers (495) coleulated the isvelectvie poiunt of
Lipoxidase to he spproximately oM 54, and from
sedinentotion and diffusion meaguvenents, the product was
Judged to be a homogeneous protein of wolepular weight
108,400 (43).

The isolatlion of lipoxidase in & completely pure forn
has not sinee been repeated.

It should be polnted ovt heve thet three digtinetly
different and asctive componeuts weve separated
aleotrophoreticelly durlng the purillcatsion procedure by
Theorell b al, and thet ovly one of these componeuts,
supposedly lipoxidase, was further conventrated to give o
erygtalline preparation. fJone doublb may therafore beo

abtached to the nature of the moterial purified.

In thelr sepavation of lipoxidase, Theovell and his
colleagues {42,4%) used aleohol as a precipiteting agend,
ond these wovkers reported that under sultable conditions
aloocholic fravtlonation glves as nerrow & sepevelbion as
gmmoniun splphate, but with less Inactivation. This

finding led Gamevon (84) %o devise a simple method for the
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purification of soya lipoxlidase. The method wes boged on

the aleoholie fraebicuation progecdures developed by Gohn and

his collengues for the sepevation of plagme proteins (85,86).
Aleoholic fractionatlon lnvolves the carefvlly conbrolled

use of organic solvent, pH, salt concentration and temperatuve.

The use of so many conbrollable variables and the absence

of high salt concentwabione which tend to wask specifie

protein properties, pevmdd cholee of sonditions to give

cleaner separelbions than eve oblainable with salts slone.
While ilgolation of lipoxidase in a homogensous state

was not achieved by this method, Caneron (84) did £ind that

losses fron deneturation and overlapplug of fractions were

less than in the method used preovicusly by Theorell, Holman

and Akeson (48,45). Fron the pesulis of hey

investigation, (ameron eongluded that the use of elhanol as

a frectiopating agent in the separatlon of soye lipoxidase

of'fers veeful posaibilities, provided thet gtrict conbrol

is effeebed over the variables in the systenm, partlcoularly

tenperature .
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2. Qontrol Methods and Exploretory Bxperiments

Rationale of the Exg@rimanﬂs

Tn view of Cameron s findings (84), it was
considered that alooholio fractionation wmight prove
suscessful as a neans of separating o hacmatinelree
Lipoxidagse preparation frem soyarbeans . Althovgh it was
apprecieted that at later stages more emplvical mebthods
of separatlon might be roguired, it wag decided thetb
fractionation with aleohol should £firgtly be examined.
Lipoxidase Assay

Po Pollow the gourse of isolation of the ensymne &
sultable assay system was required. Various methods of
agsay of lipoxldase, involving ity different properties,
have been suggested and theso nethods depend on either of the
following:=

1. The measurement of the peroxide veluoes by
icdimetey or by the ferrvie thiooyanate colouvr
roaetion (856,57,6%,87,88,89).

2 The measurement of the oxygen upbake of the
system in o Werburg apparetus (19,26,55,71,77,
80,90,91,92) .
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e The meagurenent of the bleaching of a cayrotenoid
pignent added to the peaction system (6,28,58,81,93,
04,,95,96) .

4. The spectrophotonegbric neasvrenent of the diene
gonjugation developed in puve sodiun linoieate by
the actlion of the engywe (7,17,19,24,42,%0,62,84,
96,97)

The wrueual featore of the lipoxidase reaction ig thab

4% bakes place in two phases, the Pably substrate and the
coupled reactant belng insoluble in the adqueouvs enzyme
phase. Phus, most of the methods employed to aspay
lipogidese activity sre subject o considerable errop
becavse the rate of oxidatioun ls influenced by the degree
of Alspersion of the subasbrate. In addition to this
dlsadventage, those sethods bazed on caroienoid oxidstion
give proporiionallty hetween engyne concenblration and
corotenoid desbruction over ouly & narvow vange (81),

The spectrophotoretric ogsay developed by Theorell,

Pergstron and Alegon (82) does not have these dipadvanteges
because 1t uses & more reproducibly homogeneous gubsitrate,

and the products of the primary veaction are mensured.
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Under these conditions, peroxide Cormation is proportional
%o time and t0 eunzyme concentration over wide venges (2).

At the beginning of the préé@nﬁ investigation, measure-
nent off carotene~bleaching by the oup ~ plabe technique of
Plain (98) was used for estimsting lipoxidase activity, as
thia method hag been found to be fre from a number of
dlsadvantages of the other carotenc-bleaching systems,
Although results were gatlsfactory for some of the
preliminary work; 1t was later discerded because a side
reaction rather than the primary phenomenon of hydwoperoxide
formatlon was belng meagured. The dirveet spestrophotometrie
method was thereafter adopbted for the present work.

The method depends on the fact that during the
lipoxidage~catalysed oxidatlon of linoleate, conjugated
hydroperoxides are formed on the sibte of the origlinal
methy@en@»int@r@upﬁad double bond system of the linoleats.
The degree of conjugetlon is proportional to the amount of
axidétiam which hag teken place and the progess can be
readily followed from the ultra-violet absorption band of
the conjugated gystem which shows a maximum in the region

232235 mye
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Phe original methed has been wodified several tlmes
(82,97}, but the agsay proceduve employed in this
investigation followed the modifisatlon of e previous
wopker in this laboratory (84). The provedure conalobed
of adding to 50 ml. of pH 9 ammonda/ammoniuvn chloride buffer,
in a conical flask, 1 ml. of sodivnm linoleste solution and
then o sultable quantity of engyme solubtion. The ensyee
wag allowed to wpeact for ong minube alter which the weaclhion
was stopped by the addition of 1 ml. of a 20% agueous
solubion of godiun hydvoxide coutedning 5% potzasium cyanide.
The test solution was gompared on the Uvlapek Speotrophoto~
neber at 284 wp ageinst a contivol solulion prepared as follows.
To the buffer solution was added the alkaline sbopping
reagent. The ensyme solobtion was then inbtroduced, and,
after thorough mixing, the swbstrate sclution was added, the
relative levels of engyne and substrate added being the same
a2y in the cagse of the vesction solubion.

& detailed account off the prepavetion af'y@ag@n%s and of
the agsay proceduve is given in Appendix 1.

In terms of thls gystem, a uwnit of lipoxidese activity
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is defined as that amount of lipoxidase, whieh, on acting
on godivm linolente in the assay system described for one
mimite, incresses the optical dengity of the soclution at

234me by 0°1 unit.

Criteria of Purity

The specific aativiﬁy al eaeh successive gtage of
purification wos estimated in relation to protein
niltrogen, which was debermlped by nloro-Kjeldshl.

The wliimate criterion of purity in this investigation
wag complete freedom from haemntln compounds. To indicate
the presence of ha@mafins in the purified waterial, the
following three nethods were usedrw

1. The determination of the iron content of the
neberial by Pringl@’s procedure (99), involving
wet oxidotion of the enzyme followed by colorimetric

estimation of the ivon as Pfervous-oephenanthroline.

2 The determination of the catalase activity present
by & slight modification of the lodimetric titration

method of von Buler and Josephson (101).

Sa The determinstion of the peroxidase activity of
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the fraction by the spectrophotometerie procedure
of George (100), iunvolwing oxidation of guaiaceld .
The purity oriderin were applied at the later stages
of the purification wherse maximun envichuments or speeifioc

eobivity values had been reached .

Alecholic Frostionation of Grude Soys Exbraets .

The firet abttempds to purify lipoxidase followed the
aleoholio fr@atﬁan&t&aa method of Cameron (84) .

Singe aleokol, and organic solvents in general, show
e marked btendeney to denature proteins and insctivate onzymes,
the method necessitated working at teuperatures belween 0°
and -~8°C . To conbrol the temperature of the fractionations
therefore, gooling apparatus was budlt using a 50% solution
of ethylene glyecol in water as the coeling medium .

The apparatus, an illustration of which is shown in
Figure 3, consisted essentially of two glass tonks, the
sueller of the two being mounted above the larger fank .
Hach of the tanks was surrounded by two=ineh thiel cork

walls » The lavger tanlk, which had a capacity of {wo cuble




Alcohol Fractionation of Soya-Beans

by Cameronrs Method.

5 Kg. Soya Beans.
Ground to 30-mesh.

Ground Soya-Meal.

Extracted for 3 hrs.

| with 40°-60° pet. ether
Defatted Soya-Meal.

Extracted with 50 litres

PH 4°76 acetate buffer for

three hrs. Filtered through fine
mesh nylon. Centrifuged at

3,000 r.p.m. for 10 mins.

T
Crude Soya Extract.

Conc., ammonia added to
bring pH to 6.8. Filtered
at room temperature through
No.l Whatman. '

Y
pH 6.8 Solution.

Temperature -5°
Ethanol concentration 12%
Filtered.

Precipitate I Supernatant I
Temperature =5°¢
Ethanol concentration 24%
Centrifuged.

Precipitate II Supernatant II

Temperature ~5°

Ethanol concentration 30%
Centrifuged.

A
{
Precipitate III Supernatant III

Allowed to stand in chill
for 4 weeks. Centrifuged.

N

Precipitate IV Supernatant IV
Temperature -5°
Ethanol concentration 45%

Centrifuged.
.e———""/_"_v

Precipitate V Supernatant V.

Fig. 4.
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Teelt, was used ag a reoservoir for the liquid coolanb.
A eonwventiomal freon wefrigerator voillt with a copper
golil as evaporator, was used to cool the reservoilyr tonl.
The smaller plass douk, plased dilreotly above the reservols
Hank, which hed a capasity of one cuble foot, was used
to gool the engyme extracts duving fractionation with ethanol.
The coolant 1ilguid was clrculated by means of a centerifugal

L

puiy, the uppey tank belng fitted with an overflow.

The ensvgy used by the compressor was voughly conbrolled
by an energy regulator and the temperatuve of the coolant
mizbure in the upper tank was accurately controlled by o
Givcotherm relay unit.

The conditions for extracting the activily from soya-
beans and the method of fractionation followed the procedore
used by Camevon (84), which is shown in Figuve 4. The
fractionation experiments dn this case, however, weve carried
out with 400 ml. volumes of ecrude soya exbract ag lavger
volumes than this could not be handled in the tonk.

The method nged was asPollows:~ 400 nl. of o erude
20% acetate buffer exbract of defatbed soya wewe brought bo
PH 88 with 0°88 smmonia and £iltereld through a No. 1 Whatmon

Pilter paper. The golubion was then placed in o 2 litvs
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beaker in the cold tank and eooled. The onzvoe solution
was conbtinuslly stirred durlog cooling. Yhen the
tompersture had reachod 0°, the addition of a 5074 /¥
solubion of ethanol in water was started. This was adied
Through a capillary attachment fvom a 50 ml. buretbte. The
aloohol was pumped inbo the burelie from a gtovage bobitle in
the ¢old tank, so that it had a temperature of =5° on

being added to bhe engyme exbiact.

To prevent losses of activity due to jee crystal
Tormation, the btemperabure at the initlal stages of aleohol
additlon was lowgrad at such a valbe that it was always ologe
b0, but never ab the freezing-point of the exbwvagt. When the
temperature had reached -5, the addition of aleohol was
gonbinued unbil there was a concentration of 0% alcohol on
a volune bagia in the minbure. The time taken for addition
was 40 ~ 45 wnlautes.

The solution was then venbtrifuged at H,000 pr.p.n. Lor
30 minuvbtes. The centvifuge was cooled with dry ice and the
cenbiliuge bolttles and buckets weve preshilled. With these
precautions, the temperature pise in the solubtion was keph
below 2°. The precipitate obbtained at 10 alcohel was takon up
in pH 45 W10 acetate buffer and tested Por activity by the

procedure detailed in Appendix 1. The solubion was Pfound
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to be lnactive and was therefore discarded.

The supernstant w-s then returned to the cooling tenk,
brought to «5%;, and bthe addition of alcohol wag continuved.

The precipitates obbained at aleohol soncentrations of
20,30, 40 and 50% were collected by cenbrifuglng, teken wup
in pH 4°5 M/10 acetote buffer and tested for lipoxidase
agtivity.

The vesults of the fractionation are showa in Table 1.

TABLE 1

Alaoholie Practionation of a pH 45 buffer extract of Soys

Units/ml. CPobal Acbivity

Crude Buffer Tmtract 52.5 13,000
Precipitate betwesn

0“10%3&130h01 80 160
Precipitate between

10 = 20% Alcohol 1546 780
Precipitate bebtween

20 ~30/5 Alcohol 215 1,085
Supernatant alb

30% Aloohol 25 220
Precipibtate between

50 ~ 40% Aleohol 3¢5 78
Precipltaty between

40 ~50% Alecohol 0 0

Tt wos found that a greast loss of activity had oecurred.

during the precipitotions. HMoat of the revovered aotivity ,
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am way be seen fyom Table 1, was precipiltated between 1075
and 30% aloohol.

The above expeviment was rvepeated within narrower limita.
The wmost active precipliate, in thls case oblained bebtweoon
12% end 25% aleohol, was sepavated from the solubion by
sentrifuging at 5,000 r.p.m. for 30 ninubes. The
precipliate was then taken up in 50 nml. pH 43 M/10 asctate
buffer, and filtered through a No. 1 Whatmen filter papew,
the temporature being kept below 0% The lipoxidase
aotivity and protoin nitrogen sontent of thils solution were
deternined, and the apecifio aotiviby of the fractlon was
gompared with that of the crude soya extract. The regults

are shown below.

TABLE 1T

Frapbionation of a Crude Soya Exnbroct with Aleohol

Units/mg. Total
Units/md. Nitrogen Aotivity
Crude Buffer Lxbrach 4.0 11.2 13,600
Solution of Fraction ,
between 19-257% Aleohol 12,7 14.1 855

Thias separation was carried ouwl repeatedly with minor
variations. The results obtained, however, were cssentially

gimilar to those shown.




Tt is evident that o great deal of activibty had heen
lost during fractionation. Although most of the activity
wag found to have been removed from the supernatent, the
finel precipliate contained only 64 of the total activity
and the degres of envlichment was neglégible.

It was, therefore, decided to gbtbempt separation of the
enzyme by weans of the more conventional palbting-~out

techniques.

Separation by Salting-out Procedures.

The first selting-out procedvre cxamined followed thot
of Balls, Axelvod and Kies (8), in which solid ammomium
sulphete was used 29 the precipitant. The nethod used was
ag followni=

50 gn. of finely ground, defatted soyoewbean meal were
sugpended in 1 1litre of eold, tap water. The suspension
was left overnight in the oold roon. Enough M acetic agld
was then added o adjust the pH to §, and the solubion was
inmedletely filtered.

The total filtrate was brought to pH 6+8 with M NaOH,

30114 ammonium sulphate was added slowly, with stirring,

until the saturatlon level in the solution hed veached 503,
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Without delay, M NaOH'was added untll the pH of the solubtion
a8 feadjusted to pH 6*8. The suspensilon wag then
centrifuged at 5000 vr.p.n for 50 minutes, the preaipitete
collected and then dissolved in distilled watber.

Thig solubion was dialysed against running woter until
sulphate-free, and wes then refvactionated with ammonium
sulphate.

The active precipibtate, obtained between 30% and 5O%
saburation, wos separared fronm the solution by centrifuging
for 30 minutes at 3000 v.p.m. and then dissolved in 40 ml.
Aistllled wator.

To avold eny interference from the ultrogencous content
of the ammonium selt in the protein nitrogen Aeterminations,
the engyme solution was dialysed until suvlphate-Cree, The
repults of this sepavation are shown in Table ITI

TABLE IIT
Separetion by the Mebthod of Bells, Axelrod and Kles

Units/ml. Unlts/mg. Total
Nitrogen Activity
Crude Batraot 18°Q 60 14,940
Solution of Fraction
batween 30~B50%
gaburatilon 3740 38+ 8 1,480

Although, using this procedurve, & 6«Fold econcenbration




!“E.}éz.“"'

of the ensyme was obtained:in just a few short steps, only

0% of the total activity had been recovered.

The next salting-oubt procedure examined was that of
Sumner and Swith, (26) in which disodium phosphate was naed
ag precipitating agent. The method cumployed wag ag follows:~
200 gm. of finely ground, defatted soya meal were stlrred with
one litre of ice cold water and the suspension left overnighi
in the cold room. 20ml 2N acetle acid were sbirred in and
the mlzbure was filitered rapidly in the cold room. As fagt
as the filtrate drlpped into the recelving vessel, 05N
disodium phosphate wes added, aboub 850 ml. for every 250 ml.
filtrate being used.

The fine, whibte precipitete which formed after 2-3 hours
wag separsated from the solubion by Qentrifuging at 3000 r.p.m.
for 30 minubes, and dissolved in 210 ml. distilled water.

The results of the fractionation are shown in Tehle IV

TABLE IV
Separation by the Methed of SBumner and Smith

Units/mg. Total
Units/ml . Nitrogen Aobivity

Crude Boya Bxtract 82°0 69 49,600
dolution of Preecipitate 254 268 5,500

Supernatant 985 558 £5,000
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Using this sethod of saepavedion, it was found that a
&8-Ppld envichment of the ensyme had heen achieved in only
one step. The activity per tl. of the lipoxidese concen-
trate was not appovently very bigh, howerer.

The lipozidasge aetivity of the supervatont wes observed
to be sonsiderably higher than that of the syrude exidract.

Thip moy possibly have beon dune b0 the rewmoval of an
inhibitory subsbange from the orude exbtract on its treatmenk
with ddgodiun phosphalbe.

It was denided o athempt fupther purdfication of the
380014 enviched polubtion using ammonium sulphete as preeipitant.

Tho lipoxidese solublon wos adjusted to pH 68 with 088
ammonda and golld emwondium sulphate was added o 207 satursation.
The previpliate obltelned was vemoved by cenbteifuging and
dissolved 4n dlstilled water. This solution wae bested for
Lipoxidese eotivity, found Ho be inective, and was therofore
digearded.

The superantant wos then brought o 60F saturation wibth
sulphate, and the active prepipitate so obbained was collested
by eentrifuging at 5,000 rep.m. for 30 nminvbes, and dissolved
in 50 pl. distilled water. This solubion wes dlalysed
vnsll suiphote~fros, and its speeific aobivity duly

deternined.
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TABng va

Further Puvification of o 38=fold
Lipoxidese Concentrate

Unilts/ng. Tokal
Ul te/ml . Witrogen hetivity

Crude Soys Exitreod 62°0 69 49,600
Solution of Fragbion
hebresn 406074 Saturation 2408 392 1,440

By this {tweatnent, the degree of envichuent of the
lipoxidase ewivact wes found, as shown in Table V, to have
Inoreased fo H7-Pold. The yileld, howevaer, had ppparenily
despeased to 288,

Although the engyme fragtlon hed, by this gbage, lost
s great deal of ibs oviginel acltlviby, further purification
geenaed justified, and for the next step in the purifiestion,
priecipliation with aleohol wes chogen, as 1t was conpideved
that foarther fractionation of the enzyne solutlon with sald
might conse overlapping of fractions, therchby inducing
increagsed loss of acbivity.

Aosordingly, the 57-Pold concentrate was a@ilubed to
200 ml. with M/15 pH 6¢8 phosphate buffer. This solubion
wag placed in a 1 litre beolker in the ccoling tank. Vhen
the solution had wveached a temperabture of 0%, the addition

of alechol wan stavted.
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The fairly ascbive presipiiate obteined belween 107 end
28% aloohol was vemoved from the solution by centrifvging
foyr 30 minutes at &,000 r.p.m., the sentrifuge being kept as
eool as possible by means of dyy doee.

the precipiiete wes dissolved ia M/15 pH 68 phosphate
buffer and £iltered through o No. 1 Whabman £filter poper, the
temperature belng kept below 0°. The »epulis of the

Proatiogabion are shown in Pable VI

TABLE VI.

Turther Puprifftication of o IP=old Lipoxidase Qoncentrate

Units/mg. Total
Unite/ml. Nitvogen Aotivity
Crude Soya Britvach 62.0 G+0 49,600
Bolution of fraction
bebween 10=-25% aleohold 78 .4 769 784

The gpesific activity of the fiual fraction, separvated
by o cembination of galtinge-oul and alecholic Pfractilonation
progedures, proved to be 110 btimes bhat of the original grude
soye extrach.

Alihough & high degrse of envichment had eppavently beeon
achieved by this wmethod, the lipowidase preparetion wos Ffound

0 be so unpteble thalt s activity deoressed very repidly




on storage.

As mentioned eexrlier in this section, 1t was observed
during the courge of the fractionations that trestment of an
acidified sova extract with disodium phosphete resulted in &
gupernstant solubtion, the sgpecific activity of whieh was
5 times that of the original soya exbract. It was, therefore,
decided to attempt the separation of a wore stable lipoxidase
concentrate from a phosphated soya extract, by repeated
fractionation with ammoalun sulphate.

The method used was as follows:~

A crude soya extract, preparved by extracting 1 kgnm.
defatted soya flounr overnight with 3 Litres chilled watew,
vas brought to pH 5 with 2N acetic acid and then centrifuged
at 2000 w.p.m.lCopr 45 minubes. The golubion wos filiered
rapldly in the cold room,

The filtrate was trested with 05N disodium phosphate,

50 nl. belng added for every 250 ml. filtrete. The precipitate

which forn~d after 2 - & hours wos separated from the solution

by centrifuging and was then discarded. The supernatant
was then dialyged for 48 hours against tap water. An inactive

precipltate was at this stage removed from the dlalysate by

centrifuging sand then dlscarded.
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The supermatent wes adjusted to pH 6+8 with 088
anmpnia and brovght o BOR saturatbion with solid ammonium
sulphate. The aetive preeipitate so obleined was sepavated
from the solubion by cenbrifuzing at 2,000 pr.pen. for 45

minates, dissolved in 50D ml. dlstilled water, and wes then

dielysed until sali«fres. An dnaetive precipltate was removed

fron the dialysate and dlgearded.

The suwpernatent was brought to 807 saburation with
ammopivm sulphate and the inactive precipitate obbained was
removed by eentrifuging and disearded. The precipitote
at 4% saturetion wos also dlgeerded. Sulphate addition was
contined, and at 60% saturation an acblve precipitate was
obitelined. This was separated from the solution by centri-
Puging at 2,000 p.p.u. for 30 ninutes. The precipitate was
then dissolved in 100 ml. distilled water and the solution
flalysed until galt-free.

The dlalysate was refractlonated with solld amwonium
sulphate and the hizghly aotive precipitete obtained between
407% and 55% saturation was collected, dissolved in 50 ml.
dlabilled watey and dlalysed overnight sgeinst tap wator.

The yesults of the fractiovstion are shovm in Toble VII.
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evidence, the possible presence of traeces of hacmatin

compounds in the lipoxidese preparation could not be overlooked.
The osatalese activity of the fraese-~dried material was

therefore determincd by the method of von Fuler and Josephson

(101) and the resulis ave shown in Table VIIL.

PARLE VILT

Gabalasae setivitios of Defabbed Soyae Flour
and Frceze-Dried Lipoxidase Gongenbrate.

Rat £ Tguivelont p.p.n.
pure catelaso

Dafatted Soya Floup 0.08 2
Frecsewdried 87«-fold
Lipoxidase congentrate 0.16 G

The freaze-dried lipoxidase prepavetion was found to
contain the eguivalent of 6 p.p.m. pore coebalase of Kot £
value 30,000, CQGomparison of the gatalose activlitias off the
O7~fold concentrate and of defatited soya flour showed, also,
that the catalage p@ésanﬁ in the orvde soya had been
gongentrated 3-fold durdng the course of fractlonation.
However, the method secmed suffleiently promlsing to Jjustify

a further attempd on a lavrger scale.



Pig. B~ PURIFICATION OF SOYA-BEAN LIPOXIDA

Nigerian Soya-Beans.
Ground and extracted 4 hours with
diethyl ether (b.p. 34°-36°C.)
Defatted Soye Meal.
Ground to 60-mesh size.
Defatted Soya Flour.
+ 10 kilogrammes extracted overnight

with 50 litres ice-cold water.
CRUDE SOYA EXTRACT.

2N Acetic acid added to adjust
pH to 5. Solution centrifuged.
Precipitate _-
discarded. Supernatant.
0*5N disodium phosphate solution
added. Sclution centrifuged.

Precipitate
discarded. Supernatant .
Dialysed. Solution centrifuged.
Precipitate AE/,,~/~”"’/~/”T
discarded. Supernatant.
Adjusted to pH 5¢4. Ammonium sulphate
I added to 50% saturation. Solution
centrifuged.
Supernatant
discarded. Precipitate.

Dissolved in distilled water, and

‘é,.r””"/’/”I;’ dialysed. Solution centrifuged.
Inactive

precipitate Supernatant.
discarded.
Adjusted to pH 6°8. Ammonium sulphate

‘?—”/’,’/,,lf” added to 30% saturation. Solution
Ppte. solution _. centrifuged.

brought to 257

sat’n to remove Supernatant.

insol. protein.

Sol. poﬁtion ,/””'/”’//3" Adjusted to pH 6¢8. Ammonium sulphate

returned to bulk added to 40% saturation. Solution

supernatant. centrifuged.

Ppte. solut:'Lon‘ﬁf——/—/a’/‘/,-/'f

brought to 357% Supernatant.

sat’n. Soluble ‘//’/f/y,,/é" Adjusted to pH 5°4. Fractionation

portion returned with sulphate continued. Pptes.

to supernatant. collected at 45,50 and 557 sat’n

dissolved in distilled water, combined

/ and dialysed.

Supernatant

discarded. Active Solution,

Adjusted to pH 5°4. Brought to 50%
sat’n. Sclution centrifuged.

Inaotive
precipitate ’” Supernatant,
discarded. Adjusted to pH 5°4, Brought to 60%
sat’n. Solution centrifuged.
Inactive
supernatant Precipitate,
discarded. Dissolved in distilled water,dialysed.
Inactive ppte. discarded.
Active Solution.
Adjusted to pH 5°4. Refractionated
Inactive sup withsalt. Fraction precipitated
at 50% sat’n between 45 and 50% sat’n dissolved
discarded . in minimum amountdistilled water and

dialysed until salt~free.
FINAL FRACTION : Highly active, 94-fold enriched
soya lipoxidase.
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3. Puvification of Hoya Lipoxidase .

The underlying principlo of the separation was the
precipitation of liponidase from the erude soyo cxtract atb
ite isoclectric point , pH 544 (43) , using emwonium sulphate.
The rvesults of the previous experiments had shown the
enzyme t0 be precipitated around 5074 saturation with cumonium
sulphiate . The proposed scheme of the final fractlonation
was to carery out seld additions to saturation levels above
45% ot pH 544 , in order to favour precipiltation of lipoxidase.
Remavallaf inactive protein wag to be ef'fected by carrying oub
the precipitotions at pH 6+8 .

The prelininovy staeges of the sepavation followed the
sone pattern as in the preceding experiment , and the procedure
of sepavetion ls shown in Figure § .

10 kgnm. defatted Nigerian soya flouwr were extracied
overnight with 50 litres ice-oold water in a large stalnless
ateelltanku The pll of the guspension was then adjusted to pH §
by addition of 2N acehlc aeid . The extract was then
centrifuged in batehes at 1500 r.p.m. For 30 wminutes.

The aupernatont was returned to the tank in the cold voon,
and for every 250 mls. enzyme solubtion , 50 wls. 088 digodiunm
phogphate solubtion was added. The mlxture was then left in
the cold yoom and the precipiiate which had formed ovepr=

night was removed from the solution by centrifuging , and was
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then discaprded. Dialysis of the supernatant against tap
water was carried out for 60 hours and the inactive
precipitate obtained was disecarded.

The pH of the supernatant was adjusted to pH 5°4 with
0+24 acetate buffer; this treatment did not appeer to
preeipltate the enzyme from solution. Ammonium sulphate was
then added to a saturation level of 50/%. The addition of
salt to the extract was carried out slowly and with stivring
in order to avolid local high concentrations. The solution
was ocentrifuged in batches at 1500 r.p.m. for 30 minutes and
the aotive precipltate obtained was dissolved in 5 litres
distilled water. The supernstont solubion, containing salt
at a BO% saturation level, was, at this stage, discarded.

The solution of the active precipitate was dilalysed
against tap water for 48 hours, after which time an insotive
precipitate hod formed which was removed from the solution by
centrifuging and then discarded.

The pH of the dialysed solution was adjusted to 6°8 with
0+88 ammonia and summonium sulphate was added until a saturation
level of 30% had been reached in the solution. Removel of the
precipitate was effeoted by centrifuging the solution at 2000
r.p.m. for 0 wimutes. PFurther additlon of salt to the super-
natant produced, at 40/ saturation, another precipitate whieh

was also removed by centrifuging. Most of the activily present
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in the precipitates obtaluned at 30% and 407 saturation wes then
recoverad by reffaetianaﬁing the agueous solutlon of the
precipitates with salt , and veburning the soluble protein materiel
so obiteined to the 40 seturated supermatant o The solubion was
adjugted to pH 5°4 and freagtionatlon with amnonium sulphate was
continued »

The active precipitates collested betwoon 40=55% saturation
were dissolved in distilled water , combined , and the solution
then dialysed until sulphate~free . This solution , which wes
found to have a gpecific activity 20 times that of the erude
extract , wags then subjected o further fractionation with salt.

Afver adjustment of the pll do 54 , ammonium sulphate was
added o & saburation lovel of 50/%. The relatively inactive
precipitate obtalned was discarded and the addition of salt waes
gontinued . A% 60/ saturation , an active precipitate was collected
end digsolved in the winimum amount of Alstilled water . The specific
activity of the enzyme solution was found to have incransed
by this stage to a level almost 60 btimes thot of the owiginal
soya extract , while the activity had epparently beon entirely
veioved fyom the supevrnatont . The active solution was
Alalysed until salt-free and the dialysate , afber removal
of an insctive precipitate , was adjusted to pH 54 with 03
acetote buffer « ‘The solution wes then caubiously refraqtionateﬂ

with solid ammoniun sulphsate.
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The bighly eetive fraction, precipitated between 45504
aaﬁmratiéng was collected from the solution by cenbrifuging,
dissolved in the winimuwm amount of Alstilled water and then
dalysed against running waber for 24 houvs.

The gpeoific activity of this preparation was found to
be 24 times as high as thet of the aqueous 20% soya emtrach.
Phe results of the separebion are shown in Teable IX.

Table TH
Purification of Soye Dipoxidesc.

Unlts/ Uults/mg. Tokal  Demvee of
ol Witrogen Aotivity envichment

Soye Bxtroct GLeB Gel8 2,030,000 1

Supevnatant aftbey
tventmeut with 7820 2400 2,784,000 4
phosphate )

Pwsgtion pre-
gipitabed 250 186 S16,000 20
botwoen 40w565
sotuvating

Frootlon proe

wipideted . 580 856G 262,000 G0
babvesn GOe30%
gaturation

Pinal fraotion pre
gipltated botwesn 1564 58
L5507 gaturation

&

188,400 94

The highly ectlve lipozidase concenbrate was freogewdried

dn 10 ol swpoules op an Hdwerds freese dryer and then stoved
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Fig.6, - Absorption spectrum of purified lipoxidase.




under vacuum at =20°C .

The iron content of the purified material was found to be
only 0+0%%, epproximately the same level as that reported by
Holman (43) in his purified material , and peroxidase was
estimated to be present to the low extent of 0*1 p.p.m.

Catalase activity of the freeze~dried material could not be
detected by the adopted procedure . However, on the assumption
that the catalase activity of the purificd fraction was less

then the lowest posaible level meagurable by the adopted nethod ,
the catalase content of the preparation was regerded as being less
than the equivalent of 02 p.p.m. of pure catalase of XKat £ value
30,000 .

The absorption spectrun of the purified preparation was
gimilar to that obtained for crystalline soya~bean lipoxidase by
Hlolman (45) . Ag shown in Figure 6, the absorption spestrum
exhibited a falrly high abgorption peak at 280 my, characteristio
of the aromatic aning grouping of proteins. Wo inoreased
absorption was observed, however, at the higher wavelengths
avound 405 my where haematin (iron porphyrin) absorbs .

On the basis of the above tests, the 92«f0ld enriched

lipozidase preparation woes considered to be subsiantially free

from haembing «
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Fig. 7. - Effeot of Substrate Concentration
on the Initial Reaction Velocity
at pH 9.

Lipoxidase level in system : 0°004 mg./ml.
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Characteristics of the Haematbln-free Lipoxidase System.

To studying the following characterlistics of the purified
lipoxidase sysbem, solutions of the freeze~dried preparation
in dlstilled waber were used and were freshly prepered for
each experiment. Purified lipoxidese was normally used at
2 level in the reaotion gystem of 0004 mg. per nml., unleass
otherwlse stated.

Sodium linoisabe wes uged as substrate and the relative
activities were measured, ot pH 9, by the speotrophotometrie
method. desoribed in Appendix I, the result being expressed as
the inorease in optleal density at 284 mp developed affber a
reagbion time of one minubs.

Befoot of Substrate concentretblon on the Initial Reaction

Veloelty.

The effect of varying substrate levels on the lipoxidase
system at pH 9 is shown in Figure 7.

The existence of aun epparent substrate optimum for soya
lipoxidase has been noted by Balls et al. (6), using an assay
based on peroxide measurements, and also by Blein et al.(95),
who used & systen based on carotene~destruction.

Under vreaction conditions aimilar to those uged in the
present worlk, Tookey et al. (98), also observed a maximum in
lipoxidese activity alt rather low levels of sodium lincleate.

These workers found this substrate optimum to correspond to
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Fig. 8. ~ Eff'ect of Time on the Lipoxidase
Reaction at pH ©.

Lipoxidase level in system : 0002 mg&/ml.
Sodium linoleate concentration : 1°4 x 10" 'M.
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the crlticel micelle soncenbration of the soap and suggested
that the levelling off of lipowdidase activity sbove the
moximus might be daused by the limited availability of the
Pres soap lons.

It would appeaw from Flgure 7 that o sodium linoleate
soncentration of 14 x 10"4M3 the level chosen for the present
regaction system, supplles an.aQQQuata level of gubsireate for
the quantities of engyme normally used.

Iffeet of Time on Lipoxidese Astion.

Under the adopbed conditlong, lipoxidpse activity at pH 9,
ag shown in Figure 8, was found to be linesr with time over a
period of 2+3 minutes, exoept for 2 very short initial lag in
activity.

The ocourrends of an induction period in the gourse of the
lipoxidase~catalysed renctlon has resently been verified by
Hoining and Axelrod (70).

Effeot of Enzyme Consentraotblon on the Tnitlal Resctlon Velooity.

Pigure 9 shows the range of lineerity of the system at pH ©
with enzyme ¢ongentration. The falling~off in sotivity observed
with higher levels of engyme in the ayaten may have been caused
by substrate becoming the limiting factor.

Bffect of pH on Lipoxidase Aotivity.

Gonslderable oontroversy regoarding the pH optimun of soya

lipoxidase hag eppeared in the literature. Por maximm enayme
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Fig. 10. - Effect of pH on Lipoxidase Activity.

Reaction mixture : 0005 mg./ml. lipoxidase.
1°4 x 107 *M sodium linoleate.
Reaction tims : 60 seconds.
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aotivity pH values of 6°5 and © have been repovted. (11, 15,
27, 92, 94, 102, 103).

This variation in pH optimum ls due to the different
gyabeons used in the 1&@0&&&&56 assay, and to different substrate
solubilities under verious conditions. Reaellon rates vary
with pubstrete availability, which in turn ls o fonction of pH
in the heberogencous systems used. With crystalline lipoxigaae
and using a pure linoleate substrate, Holman found that the

optimum pH wos 9 (108).

Under the reaction conditions of the adopted system, &
definite optimum for the 94«fold enriched lipoxidase was
obgserved at pH 2, as shown in Figure 10. At bthe more alkeline
pH levels, activity was found o deerense markedly, although not
to the geme exbent as was observed below piH 9.

Two smaller increeses in activity were noted at pH 692 and
pH 6+5. As these two ninor peaks appeared with all active
solutions examined by the assay system, they may beexplained by

differenges in substrate dispersol between pH 6 and pH 7.
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Fig. 11. - The pH-activity curves of Crude and Purified
Soya Lipoxidase.

A - 20% aqueous Nigerian soya extract.
(0°1ml. used.)
B - purified lipoxidase. (0°005mg./ml.)

Sodium linoleate concentration : 1°4x10-4M.
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9. The Lipoxidase Agtivity of Gfude Soya Extracts.
During the course of studlies on purified soya lipoxidase,
e report by Koch et al. (89) became avallable, which produced
evidence ags to the sxistence in zoyaw~beans of two types of
lipoxidase. Examination of the lipoxidase activity of a
crude soye extract al several pH levels had indicated the
possibility that two dlffereont enzymes were presenb.
Subsequent fravtionation of crude soye extracts by these
workevs enabled them to sepavate two enmyme frvactions, whioh
were found bo differ, particularly in opitimuan pif,
in view of these flndings, 1t was of conglderable interest
to examine the pHe-activity ourves of crude soya exbracts and™to
gompare them with that of the purifled lipoxidase-fraction.

Gompardsén of the pHesctlvity Curves of Purified Lipoxidase

and Grude Boye Bxiracts.

The lipoxidase activity of a 20% aqueous extract of defatted
NWigerian soya, prepared as deseribed in Appéndiz I, was
determined over the pH range 2«12 under the ugsual resction
gonditions. The regults ave shown in Figure 11.

Apart from the bwo minor peaks found between pH 6~7, which
have been distussed earlier, the general form of the pH-sctivity
ourve of' the ¢rude exbract was found to show two pH mexima, the

principal one ocourring eround pH 76 and the other at pH 9.
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Fig. 12. ~ The pH-activity curves of Crude Nigerian Soya
Extracts.

A = 20% agqueous soya extract.

B - 20% pH 4°5 buffer soya extract.

Reaction mixture : 0°1 ml. soya extractadded
to system containing 1°4 x10™4 ¥
sodium linoleate.

Reaction time ¢ 60 seconds.
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The appeavance of two sharply defined pH maxims
suggested there to be two linoleate~=oxidizing systems present
in the erude aqueous extract .. Gomﬁarison of the pHwactivity
curves of erude and purified lipoxidase exbracts indicated,
noreovey, that the minor component of the two linoleate-
ozidizing systens had been purified during fractionation of
tho aqueous soya extract .

In view of Holman?s observation (83) that o pH 45 buffer
extract is & nuch purer preparation of lipoxidese than an
aqueous one 4 it wag 2180 considered of inberest to exanine the
pH=aetivity ocurve of a pH 4*5 buffer extract .

Asoordingly, the pli=curve of a buffer extract of Nigerian
soya was detersined under identical conditions to those used in
the oase of the aqueous soya extract .

As shown in Wiguve 12, the overall activity of the extract
made at pH 45 was found to be lower than that of the corresponding
aqueous exﬁréoﬁ « In the case of the bulffer extract, however, only
one peak was observed, at pH & .

One possible explanation for the agpparent differences in the
configurations of the pHeactivity ocurves of the two erude extracts
wos that there were two lipoxidases present in the Nigerian soyae-
beans, both acting on sodium linoleate in the described system,
one showing maximum activity between pH 7+6 and pH 8, and the

othor, the less active of the two, baving a pH optimum of 9 ,
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Fig. 13. - The pH-actlivity curves of Crude Chinese Soya
Extracts.

A - 5% aqueous soya extract.

B - 5% pH 4°5 buffer soya extract.
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Trom the resulis,as shown in Piguve 12 ; the wmethod of
extraction appeared to be selective in determiuming the
relative amounts of the two systems obltalned .

The pHeactivity relationships of aqueous and buffer
cxbracts of defatied Chinese soyas flour were determined under
similar conditions ond the results are shown in Plgure 15 o
The activity of the defatbed Chincse soya appeared to be
gonsiderably higher than that of Nigerian soya , and in order
to obloin specivophotometric readings cowmparable %o those
obtained for Nigerlan soya extracts , 1t was found necessavy
to use 57 extrachts of the defatied maberial .

The pH-activity curves of the Chinese soya extracts both
showed two pH maxima , one at pH 9 and the obher at pH 7°8 .

The major peak in both curves , however , was obseeoved at pH © ,
whereas in the case of the Nigeelon soya exlracts , the principal
maximan had been obgerved around pH 7:8 .

Tﬁe&ﬁ resulbs indicated the posslbility of the presence of

two 1ip§xidases in soya flour extraets , and suggested that soyas
3

from different sources differ proportionately as to the activity

of the two systenms .

Or the assumption that the two pH maxima of the pi=activity
curves of the soya extracts were coused by two enzymes atlacking
the linoleate substrete at different optiman pi values , athenpts

to separvete the two systems were undertaken .




Fractionation of an Aqueous Soys Exiract
Ly the method of Koch et al.

Defatted soya-bean meal (80 gm.)

H,0 (800 al.)

Insoiuble SolJble

(Discard.)
CaCl, (50 ml., 64 lgq{mlo)
Ppte. Soluble (Crude Extract.)
(Discard.)
| (NH,) 5S04 (150 gm.)
Solub&e
Ppte. (Discard.)

Ho0 (150 ml.)

(NH,),80, (105 gm.)

1
Inso&uble Soluble
(Discard.)
(NH4)2304 (8°0 gm.)

Pp%e. Solukle
FRACTION I

(NH,)S0, (80 gn.)

|
Ppte. Soluble
(Discard.)

(NH4)5804 (17°0 gnm.)

l
Ppte. Solugle
FRACTION II (Discard.)

Pig. 14.
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Further Studies of the Fractionation of Crude Soye Batraocts.

The first abttempts to separate two lipoxidases from
Wigerian soya~beans followed the method of Kooh et al. (89),
iavolving separvstion from a ocrude, aqueous soya extract by
fractiongtion with amopium sulphate. The procedure is shown
in Figure 14.

Inactlve protein was wremoved from the crude soya exbract
by precipitation with ealcium chloride. The supernatant was
then fractionated with ammonium sulphate and two active fractions
were precipiteted out, one at a low level and the other at a high
level of saturation.

Both fractiong oblalined by this progsedure, however, showed
naximum aetivity ot pH 9, ag found earlier in the oase of the
94«Pold envieched lipexidase preparation.

As separation of & geoond lipowidase pould not be effected
by this meauns, it was deolded to attempt its lsolation by
fractionation of a pH 4°5 buffer extract of Nigerian soye, in
which, atccording to the configuration of the pieactivity eurve
as shown in Flgure 12, the seceond linoleabe-oxidising systen
appeared to be the principal facsbor present.

Due to the diminishing supply of Nigerien soya-beans, it
was found impossible to use large quantities of materiel for this
Frectionation, and since working with small volumes inevitably
results in large losses of activity, it was thought advisable to

concentrate the activity of the enzyme at a suitable stage during



Fractionation of a pH 4°5 buffer extract of Nigerian Soya.

Defatted Nigerian Soya flour.
100 gm. extracted for 3 hrs.
with 500 ml. O°1M Acetate
buf'fer. Solution centrifuged.

Crude Soya Extract.
Dialysed. Solution
Precipitate centrifuged.
discarded. Supernatant.
CaCly solution added.(40 ml.,
64 mg ./ml.) Solution

centrifuged.

Inactive

precipitate Supernatant.

discarded. Dialysed. Sclution
centrifuged.

Inactive

precipitate Supernatant .

discarded. Adjusted to pH 6°8 with 0-°88
ammonia . (N’H4)2SO4 added to
40% saturation, solution

e(,,,,,~f’”‘”/’~ﬁ" centrifuged.
Precipitate™
discarded. Supernatant.

Brought to 60% saturation
with (NH, )3304. Solution

Aé,f~ﬂ~’”’””';#(~’/’ centrifuge
Supernatant 1

discarded. Precipitate.

Dissolved in distilled
water, dialysed. Solution

Fd?,,fw#“’”’f”#”f’#’m centrifuged.
Inactive /

precipitate Active Solution.
discarded. '
Concentrated with

polyethylene glycol.

e

FRACTION (p).

Fig. 15.
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the fractionstion . TFor this purpose , the relatively simple
yet offective method devised by Kobn (104) was chosenm . The
method , based om the princliple of dlalysis ageinst substances
of high mmlecuia? welght , entailed the removel of water fron
the enzyme solutlon by a hydrophilie agent , polyethylenc glyeol ,

which has a high absorptive cepacliy .

The scheme of fractionation cmployed is shown in Pigure 15.
Romoval of inactive protein from the erude exbract was
accomplished both through dialysis of the bulfer eoxiract and
by precipitation with calolun chloride . The active fractlion ,
precipitated from the supernntant belween 40-807% saturaetion with
gulphate , was dlsgsolved in 80 ml. distilled water and dialysed
until salt=free . The active golution , prior to further
goncentration , was placed in & 100 ml. measuring cyiin&@r o

The polyethylenc glyeol ( Cavbowax 20M, G.T.Gury and Co. )
& waxry , fleky substance of wolegular weisht 20,000 was broken
up and an appropriate quanbity of the dey , granulated material
was poured into Visking dlalysis tubing of 1/4 inch inflated
diameter . The propovtion of Carbowax used was about 1 part to
5 perts ensyme solublion .

The dielysis tubing cdntaining the polyethylene glycol was
then bent double and placed in a glass eylinder gonteining the

enzyme golution . The length of the tubing wes such as to allow
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Por the prising column of water inside it. The level to which
the tubing was pushed down inside the glass eylinder depended
on the final concentration required, the concentrating process
ceasing when the £fluld containlng protein reached the bottom of
the tubing.

By this neans, concentration of the enzyme soludion from
50 mi. to 10 ml. was achieved in 24 hours. The concentrating
process was carried oub in the cold room, and under thege
conditions no loss of activity due to denaturation was observed.

A number of guch conceunbrated fractions (p) were combined
and refractionated with ammonium sulphate. ‘The active material
obtained between 45~507% saturation was dissolved in digtilled
water, then dlalysed until sali«Cree and finally, conoentrated
using polyethylene glyeol.

The specifie activity of the fimal fraction was found o
be 20 times higher than that of the erude buffer extract. Fronm
the pHeactivity eurve of the golution 1t was observed that the
pH~opsimun of the 80-fold enrviched extract was not, as was
expeated, pHd 8, but pil 9.

By closely following each step in the fractionation
procedure, it was discovered, as shown in Table X, that the pH
optimum of the supernatent activity eollected at the earlier
shages of the fractlionation was pH 8, whereas that of the

supernatont activity collected nearer the end of the process was
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Fig. 16. - Effect of Fractionation on the pH optimum of
pH 4°5 buffer extract of Nigerian Soya.

Crude Soya Extract.

Supernatant at 40% saturation.
Supernatant at 60% saturation.
Precipitate at 60% saturation.
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PH ©. The precipitated aaﬁivity'waé found, in all Pfractions
examined, 4o have a pH opbimum of 9

This cbserved change in pH optimum of the lipoxidase
activity of & pH 4°8 buffer exbract of Nigerian soya ls olearly
indipated in Figuve 16.

dince repeated fractionation of the crude soya extracts
had failed to achieve separation of the two pH waxine, it
pppeared unlikely that the ccourrence of two pil maxima in the
pHeaobivity ourves of cwude soyae extracts was coused by two
ensymes .

To aceount for the apparent change in pH optinmum of a
buf'fer soya extract during its fraetionation, twoe possible
axplanations gould be pub forward,
(2) +the alberation in the pH characteristics might have been
‘ the result of molesular rearrvengenent of the enzyme

proteln coused by a denatuwing effect of the salt, or
(b) the efPect might have been due o the removal of a

component from the crude extract during ibs puriflication.



This lotber observabion gave further intevest to the
supposition that the peeuliar counfiguratlons of the ﬁﬁ—
activity curves of crude soye exitvects wlghit possibly be the
result of haematin, present in these extracts, inbkeracting
with lipoxidese in the reachion system and modifying the
chavacteriotics 6f the lipoxidesc system ,

In order o invesbigobe this question, it was decided
that a systenatic gstudy 0f the influence of haemetin compounds
on the behavionr of puwified lipoxldase in the adopbed system
ghould be undertaken . o the purpose of this lnvestigation ,
it secmed desivable bto euploy mixzbures of the two purified
systems in evenly balansed proporbtlons, such as nighd be

found in erude soya extrachts .
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THE CHARACTERISTICS OF LIPOXIDASE AND HAEMATIN SYSTEMS.

1. Linoleate Oxidatlon Catalyzed by Haematin Compounds.
It seemed desirvable before a study of lipoxidase-
haematin interactlon was begun to establigh a pattern for
haematin action by means of the asgsay sysbem used previously

to stbudy lipoxidage ecbtivity.

The catalybtic activity of the haematin compounds has been
ghown to depend on the presence of preformed peroxide in the
aystem (55, @9). On finding the total peroxide concentration
‘of the system to be linearly velebed 1o the concentration of
sonjugated dienes, Maler and Teppel (108), in order to Pollow
the inltiation veactions of haematin catalysis, developed a
speotrophotomnetrio technique based on the dearésse in diene
sonjugation of Linoleate hydroperoxide when catalyticelly
decomposed by haemoglobin.

Whereas these workers found that haemoglobin destroys
hydroperoxide at pH ©, Blain and Styles (87) recently found
that cytochrome ¢ can promote Pormation of conjugated hydro-
peroxide from freshly prepared sodium linoleate at pi 5+4,
although ounly et linoleate goncentrations exoeceding 1°5 x 10’4M.

On this evidence it was of considerable interest to
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ascertaln whether haematin could, under the conditlons of the
adopted system, simalate lipoxidese astivity by causing the
Pormation of conjugatod dilene.

Action of Heenabin Compounds on Wresh and Poroxidised TLinolecate.

The pure heematin compounds used in this study ineluded
erysballine haemin (British Drug Houses, Lid.), crystalline
bovine haemoglobin (Sigme Chemical Go., U.5.A.) and arystalline
liver catalase {Sigma Chemloal Co.) ALl of these hoematin
gonpounds wevre assaysd for thelr content of fervroporphyrin by
convergion to pyridine haemochrome, which was measured hy ilbs
gpeotral absorption at 560 mu. Crystelline haenin was used as
the standard in this assay method. All data were thus compared
in berms of the active catalyst, fervoporphyrin, and were
erpressed in equivalent moles of crystalline haemin.

Using the spectrophotometric method of assay deseribed in
Appendix T, the action of haemin, catalage and haswoglobin ot
pH © on freshly prepared godium Linoleate at concentrations

BMD was exemined over perlods of one

varying from 1074 to 10”
minute and longeyr.

No reactlon whabtscever was observed under these conditions,
however, none of the heewatin gompounds, et the different levels
examined, being found to promote formation of conjugated dlene,
contrary to the observations of Blein and Styles (87).

It was declded, therefore, that a study of haematin action

in the presenge of preformed peroxide should be made.
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In this series of experiments a peroxidised substrate was
employed in the reaction system , peroxidised linoleate being
prepared by>axposing fresh sodivn linoleate solution (2 mg.per ml.)
%o the air for a f@w days .

the hydroperozide consentratlon in the resction systen was
deternined by nmeaswring gpectrophotometrlically the optical
denglity of the test solution at 234 mu against a control solution
containing freshly prepared sodium linoleate at an initial level
identiloal %o that in the test solution . A moleoular extinction
goefficlent of 25600 was used to convert optical density to
moles of conjugnted diene (11) .

The action of hoemabtin in the modified system was deternined
by following , over periods of o winute and Jonger , changes in the
hydroperoxide oconcentration of the gystem ocourring on interaction
of perozidised linoleabe with the hacmatin catalyst .

Using this bechulque , it was found that the haematin compounds
examined did not effect an lncrease in the diene conjugation of the
sygtem , but rather , caused a significant deorease in diene
conjugation of the linoleate hydroperoxide in the system , thus
confivming the observations of Maier and Tappel (106) .

herecterigtios of the Lipoxidage~frec Haematin System .

£

The charecteristics of the lipoxidagse-free hoematin systen

were determined by the above method and are shown in Figures 17 t020 .
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Fig. 17. - Comparative Activities of Haemitin Compounds as
Catalysts for Linoleate Hydroperoxide Decomposition
at pH 9.

A - 0°75 x 10"% Haemin.
B - 075 x lO'%M Fezemoglobin.
C - 0°75 x 10" °M Catalase.

Total linoleate concentration : 1¢4 x 107 %M,
containing 14 x 107®M linoleate hydroperoxide.
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Fig. 18. - Diene Destruction/Time Curves at pH 9 with substrate
containing variable quantities of preformed peroxide.

A - 30 x ]O‘?M linoleate hydropersxide.
- 20 x 1077M

- 14 x 1076y

- 7:0 x 107°M

- 325 x 1076M

[ B I I o v

Total linoleate 2oncentration @ 14 x ]O-4M.

Haemoeglobin concentration : 9 x IOFGM.
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It was Pound impossible, owing to the complexity of the
process of linoleate avboxidation, to conduct all the experiments
with substrate containing equal quantities of preformed peroxide.
Under the imposed peaction conditions, however, the experiments
were found ko be quantitabively weprodueible snd the results are
therefore considerad as giving a geneval pottera of behaviour of
the haemstin syston.

The comparative activities of the verlous hacwatin compounds
in equivalent coneentirations ave shown in Flgure 17. The course
of diene destruction wag found to follow the same vattern for each
hoenatin exomined, namoly, & vapid initial rvesetion folloved by o
subsequent decline in reaction valbe.

The falling=off in the repotion rate appeared to bhe due to
either peroxide or the haematin catalyst becouwing used up.

Relative activitiecs were observed 40 be in the order hoenin >
haemoglobin »>cabalage; in agreement with previous ohservations
mode by Tappel (69).

The influence of hydroperoxide consentration on the rate of
the haemoglobinecatalysed weaotion of pH 9 is shown ﬁn Figure 18.
The five difierent sets of resulbs were obhalned with substrate
solutions which hed been exposed 4o the air for verying lengths
of dime. The rate of the haemoglobineecsbtolysed reaction, as
clearly indlcated, was found to intresse with inereasing hydro-

perozide concentration up $0 a lovel of 14 x 10”6m5 above which
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Haemorlobin Concentration ( M x 107 °.)

Fig. 19. - Effect of haemoglobin concentration on
diene destruction at pH 9.

Total linoleszte concentration : 1°4 x JO'4M,
containing 16 x 107°M linoleate hydroperoxide.

Rezetion time : 60 secs.



Decrease in optical density
at 234 mp

016

0-12

0-08
§

004

2 4 6 8 10
pH

Fig. 20, - Effect of pH on the Haemoglobin-Catalysed
Reaction.

Concentration of haemoglobin in the resction
system : 2 x 10-6M,

Total linoleate cencentration : 14 x 10-4M,
containing 20 x 107°M linoleate hydroperoxide.

Reaction time : 60 secs.



& diminished respongse to hydvoperoxide was obgerved.

Since the degree of action of the haomatin compound was
related to the degree of peroxidation of linoleate, it would
appear that, in the speotrophotometrie assay aystem, haematin
compounds react only on linoleate hydroperoxide and not on
linoleate, and that in this respeoct haemating differ from soya
lipoxidase which reacts on linoleate forming hydroperoxide.

Similer to the mechaniasm described for heematin ealalysis,
lincleate oxidation catalysis by ocopper involves a decomposition
of the linoleate peroxides (61). The unsaturated-fat oxidase
activity of haematin compounds in the system used here would,
therefore, appeer to resemble the action of a metal catalyst
than of an enzyme.

Figure 19 shows the effect of haemoglobin ¢onocentration on
the initial rate of the resetion at pH 9. The rate of diene~
destruotlion appeared to be direstly proportionsl to haemnoglobin
oongentration over a llmited range.

The effesct of pH on the haemoglobin~catalysed resction is
shown in Figure 20. The pH opbimum for the system was observed
to be pH 9. Above thig level, however, catalytio activity
romained fairly high. A shorp deorease in aotivity was noted
below pH 8, the diene-dsstroying effect of the haematin being
particularly weak arouﬁd.pﬂ 7. Two smaller increeses in activity

were found ot pH 4 and pH 5+4.
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It 1s noteworthy that whereas maximm haematin activity
in the adopted system was found at pH 9, previeous investigators
have desorlbed nore acid pH opbtlme as belung oharacteristic of

haematin activity (65, 107, 108).
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gtudies of Lipoxidase~facmatin Interaction .

Having established a pattern of behaviour for haemsitin
in the adopted systen , it was deoclded 4o examine the effcet
of haematin compounds on the lipoxldase-linoleate systenm .

The only previous obsewvations on the behavionr of {fatty
systens containing both lipoxidase and haematin were made by
cies {30) and Teppel (62) . Using oxygen upteke as » measure
of the course of the reagtlon , Xles found thet crystalline
haemin and eytochrome inhibit lipoxidese completely , whereas
catalase ; pevoxidase and haemoglobin do not o No debails of
volavive concentrations or cxperimental conditions used by
Kies in her investigetion were published , however .

Controry to this observation of deorcased catalysis ,
Tappel , who also used an oxygen upitake method of assay ,
reported that when erystalline hasmin and lipoxldase are mived,
the eatelysis is much greater thanm with lipoxidagse along . The
figures reocorded by Tappel on this topie are algo limited .

The experiments in both these invesitigations , moveover ,
were apparently carried oub with impure preparations of
lipoxidase and the results must therefore be consldered

inconclugive .

5

~from D 6 = 11

from pi 6 = 11

& punber of mixtures of purified lipoxidase and pure

haemoglobin were prepared by adding together adqueous solutions
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of the two gystems in such & manner that each combination
contained the same level of llipoxidase but a different
concentration of the haematin gatalyst. Phis procedure
wes repeated with the other haematin compounds, hasmin and
catalase .

Uaing the speotrophotometric assay desoribed in
Appendix 1, and substrate substantially free from preformed
peroxzide, the reletive aetivities of the lipoxidase~haematin
nixtures were deterunined over the pH range ¢ to 1l and at a
linoleate concentration of 1+4 = 10'4M« The pH~aotivity
curves of the mixtures were then compared with a ourve
obtained under similar conditions for o lipoxidase oontrol
golution.

From the resulbs of the preceding section, it might be
expacted that the presence of heematin in the lipoxidase
resction system would result in the destruection of the
conjugated linoleate hydroperoxides formed by lipoxidase and
that this * inhibitory ”effeot would be particularly noticeable
around pH 9.

Thet this is apparently the ecase may be seen from [Migures
21 to 31 for, under the experimental oonditions, haemoglobin,
catalase and haemin, all, in inoreasing concentration, were
found to diminish lipoxidase eetlvity, partieularly between pH
8 to 10. This effect was observed to cause a marked depression

of the pH optimum of purified lipoxidase.
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Between pH 7 to 8 , on the other hand, an anomalous

inoreane in lipoxmidase activity was observed, bub only at the

low levels of haematin examined . With narrower levels of

haematin in the reasction system, this inereased aotivity

appeared as o definite peak at pH 740G, as nay be seen fron

Pigures 23,25,27 and 30 . Thoe increased activity between

pH 7 to 8, however , was found 4o dininish gradually with

iﬁuréaﬁing haamaﬁin canéenﬁrationg 80 that, at the bhigher

levels of hoematin eremined, considerable overall inhibition

of lipoxidase achtivity was noted « Thig effect was observed

to be most marked in the presence of 17 x 10"y hasmoglobin,

hoematin action, as shown in Mgure 24 , cousing almost compiete

fiattening of the lipoxidase pHeaotivity curve .

The behaviour of the lipoxidase-hocmatin nizbures indicates
olearly thot the expected inberactions toke place . On the other
hand, using diene conjugabion as & measure of reasction progreoss
and considering the general concept of haecwmatin compounds as
destroyers of diene, the overall pattern is uncxpected .

It dis worth noting ot this point that bhe irregular increase
in diene, in the pregence of gmall anounts of heowatin, should
ovseur at o reglon of pH where haematin had previously been shown
to have a very low diene~destroying achivity .

The experimentel resulis show that the different effects of
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haecmatin on the lipoxidase system ocan, in response to pH,
produce & pH-~activity ourve having two pH waxime, as may be

seen from Flgures 22, 25, 27 and 0. That the addlition of
haematin to the lipoxidase reaction system should resuld in

o pH ourve with maximza at pH 76 and pH © was of considerable
inberest since, as mentioned earlier in this thesis, crude soya
extracts, under alwogt ldenticel conditions, had been ohserved
o catalyse linoleate oxidation with two similar pH maxima.

It should be borne in mind, however, that the relative helghts
off the two pH maxina were found 10 vary with orude extracts made
fron soye fyrom different soureces, so that, in certain cases, the
actlvity at pH 7.6 was higher than at pH 9. ‘

P, it was considered, the relative heights of the two pH
moxima of a lipoxidase~haematln mizture could be so altered,
support might he glven to the explonstion of soye extract
double=-maximel pHeastivity curves postulating lipoxideac-
haematlin interaotion. Tt was, therefore, decided that an
exanination should be made of the effests on lipoxidase-
haematin interaction at the two pH maxima of sueh variables asg
renotlon btime, linoleate conceuntration and enzyme donoentration.
Such a study might provide informetlon as to the nature of the
inteéacﬁiom at the lower pH maxima, observed to vesult in
ingreased formation of conjugated diens.

Although heemoglobin was chosen for this s@riés of
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axperiments on lipoxidagse-haematin lnteraction , it should be

pointed out that the action of & selected haemabin protein may
be regarded as typical of ithe others , since haematin catalysis
hag been shown to be dependent on the haewmatin nolety modified

%o some extent by the protein to which it is coumbined (68,69) .

At the outset of these expeviments on lipoxidasee
haenoglobin interaction , 1% beoame clear that the heenatin
catalyst was belug decolourized during the eourse of the
lipoxidase reaction . A closer exanmination of this effeot
secened Jjustifled since it wes considered that destruction of
the haemoglobin in the lipoxidase reaction system might
significantly in?lgance the lnteraction of the two systems .

Destruction of the Haemoglobin in the Lipoxidase~ILinoleste Svsben.

The eoupled oxidation of haemoglobin and haewmin has been
shown to occur in haemstinesatalysed (54,68) and in
lipoxidase~catalysed oxidation off linoleste (30) . These
go=oxidations are apparently caused by the interaction of
linoleate peroxide vedicals and the labile substances (69) .

In ovder to measure the destruction of heemoglobin in
the lipoxldase-linoleate system , a suitable method of assay

was required . Af'ter several attempis bo achieve 2 workable
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method, a modification of the procedure used by Tappel (68)
wag chosen. The adopted procedure involved measurement of
haemoglobin breakdown by two methods,
(a) by following, spectrophotometricelly, the disappearance of
haemoglobin as acid wethasmoglobln, and
(b) by the simlianscous determination of the inorganic ivon
released as & result of haemoglebin destruciion.
The procedure, which is described in detell in Appendix
IT, although essentially clumsgy, gave results which were found
to be veprodusible. It wes found necessayry bto ugse & fairvly
high concentration of haemoglobin in bhe reactlon gystem in
order to ensure that the low levels of iron velesged during the
initial stoges of the reaction aould be messured with sulficlent

LOCUTAAY .

aiung the prodedure detailed in Appendix IT, the
destruetion of haemoglobin in the lipoxidese reaction system
was determined at pH © and ab pH 7°6. The initial level of
hoemoglobin in the syatem was 10 x 1070M and the relative
goncentrations of lipoxidase and sodlum linoleate were 0.004 mg/ml.

and 1°4¢ x 10”%M9 respectively. The resulbs, which ave shown in
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Fig. 32. - The coupled oxidation of haemoglobin in the
lipoxidase-~linoleate system at pH 9.

& ~ Disappearance of acid methaemoglobin
at 458 mu.

B ~ Release of inorganic iron.

Tnitial level of naemoglobin : 10 x 10™Ow.
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Fig. 3. - The ccupied oxidation of haemoglobin in the

lipoxidase-linoleate system at pH 7°6.
A - Disappearance of acid methaemoglobin
at 498 my.
B - Release ot inorganic iron. -6
Initial level of haemoglobin : 10 x 10 M.
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Flgures 52 and 35, are typleal of those oblained from repeated
experlinents.

The patbern of destruction of hasmoglobin at both pH
levels was found 46 be almost identicel. Determination of
haemoglobin as aeld mothaemoglobin Indlcated & rapld loss of
the hoemoglobin molecule. The simulbancous determlnation of
the lron lons released showed that the desreage in haemoglobin
gould ouly be partly ascounted for by the dron set free.

Having established thet haemoglobin is decomposed in the
lipoxidase reactlon system, gtudies of lipoxidase-hacumoglobln
interaction uwnder a verlety of condlilons were gontlimed.

Bffect of Time on Ldpoxidasec-tioemosiobin Interaction at pi 9

ond pH 7.6

Using the lipoxidase essay procedure, the sotivities of
lipoxwidase~hoeuoglobin mixtures were delermlaed over periods
of one mluute and longer at pH O and at pH 7°6. This procedure
was repected, under ildeanticel sonditlons, for a lipoxidase
control gsolublon. The level of sodium linoleate employed iwn
those experiments was 14 x 10~41.

Figure 34 shows the effect of 2 x 108y haemogloblin on
the rvate of the lipoxldose resction et pH P. The expected
diminighing effect of haecmoglobin on diene conjugation was
noticeable only during the initiel phagses, for at the later

ptages of the vreastion, the haematin catalyst appeared 4o hove
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Pig. 34. - Effect of haemoglobin on the rate of the lipoxidaae
reaction at pH 9.
A - Lipoxidaae control (Q'004 mg./ml.)
B - Lipoxidaae + 2 x 10“*M haemoglobin
Sodium linoleate level : 1*4 x 10-4*.
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Fig. 35. - Effect of haemoglobin on the rate of the lipoxidaae

reaction at pH 9.

A - Lipoxidaae control (0*004 mg./ml.)
B - Lipoxidaae 10 x 10' ™ K.

Sodium linoleate level : 1*4 x 10”7 'M
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1ittle or no effect. As reference to Migure 52 will indicate,
the destruction of haemoglohin in the system would account for
this loss in heematlan acbtion.

The effect of a bigher level of haemoglobin on the rate of
the lipoxidase reactlon at pH ® iz shown in Mlgure 35. The
overall inhibition of dlene conjugation was more evident ad
10 = 30701 naemoglobin than at the lower level in the system,
23 would be expeoted. Oneae more, however, the‘binhibitory”
effeot of hasmoglobin besame increasingly less as the reaotion
progeessed, presumably due to loss 6f haemoglobin from the
sysbem.  Although breskdown of heemoglobin was olenrly taklng
place, it wonld appear that at the later stages of the reaction
there was stlll sufficient haemoglobin present to ocause a

notideable deorease in dlene conjugation.

The effect of 2 x 10“CM hoemoglobin on the rate of the
lipoxidasse-catelysed reastlon at pH 7°6 1s shown in Figure 56.
At this pH level hacmoglobln appeared to cause only o very slight,
iniﬁial“inhibition”of lipoxidase aaﬁioﬁ, af"ter which diene
gonjugation in the presence of the haewatin catalyst increased
to a rabe beyond thet of the conbtrol. This inerensed formation
of diene was mogt dlistined at reaction periocds exceeding three

wlnotes. Taking into agoount the information already obiained
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Pig. 36. - Effect of haemoglobin on the rate of the lipoxidase
reaction at pH 7*6-
A - Lipoxidase control {Q'004 mg./ml.)
B - Lipoxidase + 2 x 10 k haemoglobin,
Sodium linoleate level 1-4 X 10’ "M.
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Pig. 37. - Effect of haemoglobin on the rate of the lipoxidase

reaction at pH 7%6.
A - Lipoxidase control (0'004 mg./ml.)

B - Lipoxidase 4 10x10-6% haemoglobin.

Sodium linoleate level : 1*4 x 10* M.
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that a high level of haemoglobln is destroyed at the later
stages of the reaction it seemed that hacmoglobin-~breakdown
products might be regpoasible for the inereased formation of
dlenc .

The influenge of hacnogloblian~breskdown on lipoxidase-
hagmoglobin interaction at pH 7°86 is wore glearly indicated
im Figave 57 , which shows the offect of 10 x 1070H hacnoglobin
on the rate of the lipoxidase vesckion at pH 7°6 . The initial
diminishing effeot by 10 x 10"°M haemoglobin on diene conjugotion
is much more obvlous than was observed at the lower hoemoglobln
level. Again , howvever , thils effeet ropldly lessened as ,
apparently , the haemoglobin was belng destroyed , and affter two
ninutes a marked lnerease in diene was noted , which , as reference
to Mgure 34 will show o was concurrent with a high degree of

degsruction of haemoglobin im the llpoxidase system .

The general pattern of the resulta of the above experiments
is congistent with the observaitlons made earlier that haenziin
vetardy lipoxidage aetion at pH 9 but auvgments it at the lower
Pl level , and that the dienc~destroying action of heaematin
increages at both pH levels with increesing hoematin concentration .
Although it appeared {rom these results that lipoxidase at pH 7°6

is a more effective catalyst for diene conjugation in the presence
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of haemoglobin, the activities of the lipoxidase-haemoglobin
mixtures at this pH level did not exeeed those cbgerved at pH 9
over bthe reaction peviods émployed.

The reaction rate curves shown in Pigures J6 and 8?9 taken
wogaether with the data on the destruction of hasmoglobin ia the
gsysten, provide evidence b0 suggest that the inercase in diene
obgerved on addition of heemoglobin to the lipexidase systen at
PH 7+6, is caused by some inbermediory product of hesuoglobine
braakdown catalysing the formoiion of conjugated diene.

On the other bhand, this concept does not, ab flesb, seen
entirely adequate in thet the inereagsed formation of dlene was
not obhserved, under identical conditlong, at pH 9, and at whioh
P level destruction of the heemotin vabalyst had besn shown to
ooour ho almost the same exbent as ob pH 7°6.

However, talking luto congideration the previously obitalned
informatlion that the pH optimun for the diene~destroying action
of haematin in the adopted system is pH 9, the above hypothesis
sblll appears tdenable, since it ls conceivable thet the fallure
to observe the stlmulatéd dnoveagse in dlene at pH © was the
vasult of unaffetted haemoglobin in the system simultansvusly
sounteracting the astion of the breakdowa produwuet.

In keeping with this line of ergument, the apparont
ineffeotiveness of the lutaet haemoglobin in the system ab
PH 76 may be explained by the fact thet, as indleated esrlier

in thls thesis, the diene-degtroying action of the hacmatie
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cobtelyst at this pi level is very weak , which effect wonld not ,
therefore , be expected to be great enough to hinder formation

of dieng promoted by the hacnoglobin-hraakdown product .

Mowreover , since lipoxidase at pH 7.6 is foar removed fyom Lts pH
optimam , it seowns not unlikely that the stimlation effect of the
hasnoglobinebreakdown produot would , therefore , become more

manifeast ot this pil lovel .

Assuming that low levels of the haematin catalysts inm the
systen are efffeotively destroyed within reoction intervals of one
minmute , the above considerations would account adequately for
tho ohgervations already made in this section on lipoxldasew
haenatin interaction at several pH levels and at the sane
concentration of linoleate , but over the shorter resction periods .
Effect of Linoleate Concentratiocn on Lipoxidase-Haemoslobin

Iaterastion .

The previous experiueads had been carvied out at o linoleate

concentration of 1°4 x 10°%1 . the effect of haemoglobin on the
courges of the lipoxidase resctions at pH © and at pil 76 wos
examined at two other levels of lincleate , viz.,0°35 = 10=%M
ond 2°8 x 107%M. The welative concentrations of lipoxidage and

haenoglobin used were , respectively ,0°004 ng.per wl. and 2 % 10=61,
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Time (minutes) .
Pig. 38 , _ Effect of haemoglobin on the rate of the lipoxidase
reaction at pH 9% at a linoleate level of 2*8 x
A - Lipoxidase control (0*004 mg ./ml.)
B - Lipoxidase + 2x10““M haemoglobin.
-
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Fig 39 Effect of haemoglobin on the rate of the lipoxidase

reaction at pH 7*%6, at a linoleate level of 0*35 x 10-4%.
A - Lipoxidase control (0*004 mg./ml.)
B - Lipoxidase + 2x10”“M haemoglobin-
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At pHl 9 ,ab a Linoleate concenbtration of 035 x 107% ,
haemoglobin wag found to retard dicne conjugation in the
liporidase system . Since this effect was similar to that
observed preoviously at e linoleate concentratlon of 1¢4 x 107%N,
the results are not reproduced hero .

At the same pH level , but at the highey substrate
concentration ( 2°8 x 10°%M ), the slight inhibition of
lipoxidage actlon , which was cbserved for the first few
seoonds of the reaction , was followed by & marked increase in
the rate of dicne conjugation , as Wy be seen from Figure 38,

This observation gseered to reflect the nore complete
destruction 0f the haemoglobin in the system at the higher
substrate concentration , that is to say , there did not appear
to be sufficlent intaod hacmoglobin left in the gystem at the
high gsubstrate level to counteract the postulated diene=

producing eetion of its byealkdowa products.

At pH 76 , and with the same high level of linoleate in
the resction system , heemoglobin appeared to accelervate bhe
lipoxidage veaction in a mamner ginller to that found eavlier
with 1°4 x 10~%M linoleate in the system . These results are
algso , thereffore , not reproduced here.

Taen the linolente concentration in the system at pl 7+6
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was relucsad to 0¢85 x 10”4M3 haemoglobin, asg shown in Flgure
39, was found to exert a olight but noticeable inhibition of
dlene conjugation.

Thege observablons made at pH 7°6 would appear bto suppord
the suggestion already implied by the data obbained at pH 2,
thet haemoglobln is more effectively destroyed in the lipoxidese

systen at high linoleste concentrations.

While the results of the above experiments indicated the
behaviour of haemoglobin in the lipoxidage-linoleste system 4o
be dependent on the level of linoleate in the system, the response
to linoleate contentration appeared to be influenced somewhat by
the pH off the reactlon system.

To obtain further inforwation concerning the influense of
linoleate congewtration on the latervaction of the two systems, a
oloser examination of the substrate—activiby velationships of
lipoxidage-hacmatin mixtures wag vudertaken.

Under the ugual conditlons, substrate-activity ourves were
plotted for a lipoxldase-~haemoglobin mizture at pH 9 and at pH
76, This procedure was repeated with a lipoxidase control
solution.

The wesults, which are shown In Figures 40 and 41, indicate

that linoleate eon&enﬁration influences the interaation of
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Fig. 40. - Effect of haemoglobin on lipoxidase activity at pH 9
at various levels of linoleate.

A = Lipoxidase control (0+004 mg./ml.).
B - Lipoxidase + 2x10 6N haemoglobin.

Reaction time : 60 seconds.
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at various levels of linoleate.

A - Lipoxidase control (0°004 mg./ml.).
B - Lipoxidase + 2x107®M haemoglobin.

Reaction time : 60 seconds.
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lipoxidase ond heemoglobin , conlirming the previously obtained
evidence leading to thils cownclusion . The generad patiern of
the vresulés at both pH levels was found 4o be essentilelly
similar ,diene apparently belng dimlnished in the presence of
heomoglobin at the lower dlevelg of linolente , but bheconing
enbanced at relatively higher linoleate concentrations . The
increansed formation of conjugated dlene observed at higher
substrate levels was move evident at pH 7°6 then at pH 9.

The eurves shown in Flgurves 40 and 41 are in keeping with
the view that e more completa breakdown of hoempglobin ococurs,
repidly , et high linoleete concentrations .

The influvence on hacmoglobin behaviour of the linoleate
level imn the llpoxidese system , and the appavent dependence of
the lipoxidesc-linoleate intercourse on pH , would account for
the different effects observed previously at the two pH levels
with the seme linoleate concentration in the reaction sysiecms.

The appavent diffevences in the substvate-activity relations
~ships at the two pi levels mey be explained by varisiions in
substrate avallebllity in the diffecent reaction systems due,

poselbly , to dissimilar substrate solubilities ot the two pH levels.
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The datn described here on the effect of linoleate on haematin
acblon in the lipoxidase systen are analogous to the findings
of Blain and Styles (67) who , in a study of haematin catalysis
of linoleate oxidation , observed that oytoshrome ¢ , at pH 544,
a@atféys the small amount of diene present at low levels of
freshly prepored sodium liunolente , but conjugates diene at high
lincleate levels .

Alnce destruction of the haematin satalyst has been shown
to ocour 1u haematinegatalysed oxidation of linoleate (54,68),
end in view of the fact that the possible decomposition of
cytochrome ¢ in their reaction system was not considered by
Blein and Styles , it would seem not unlikely that the increased
foruation of conjugated diene observed by these workers at the
high linoleate concentrations was due to breakdown products of
the heematin coumpound rather than €o oytochrome ¢ itselfl ,
promoting the formation of conjugated linoleate hydroperoxide .

BPfect of Lipoxidase Councentration on the Interaction of the

bwo Systems.

The effect of lipoxidasc concentration on lipoxidasce
haenoglobin interaction at the two pH levels was determined by
measuring the relative activities of solutions of varying
concentrationg of Jipoxidase and comparing the results with
those obteined , under simllay conditions , for solutions conteining
the same range of ensyune concentrations but with haemoglobin
added in constent proporiion.

Sodium limolente was used in these experinments at o level of

104 x 20™%M .
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Fig. 42. - Effect of lipoxidase concentration on lipoxidase-

~haemoglobin interaction at pH 9.
A - Lipoxidase control.
B - Lipoxidase+haemoglobin in constant propertion.
Sodium linoleate level : 1-4 x 10™%M.

Reactic:. time : RO seconis.
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Fig. 435. - Effect of lipoxidase concentration on lipoxidase-
~haemoglobin interaction at pH 7°6.
A - Lipoxidase control.
B -~ Lipoxidase+haemoglobin in constant proportion.

Sodiur linoleate level.: 14 x 10~4M.
Reaction time : 80 s~conds.
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eom the considerations already dissussed on lipozidascew
haematin interaction, it night be expected, since haemoglobin
was being added to the system along with lipoxidase, that the
haematiywerfeated destruction of conjugated diene would inerease
with inoreasing lipozxidase concentration . Thabt this was
appavontly the ocnse at piH 9 may be ssen fron Piguvre 42,

At pH 7*6,0n the other hand, the expected inhibition
of diene eonjugation was o¢bserved only at the highest enzyme
concentrotions employed, as shown in Mgore 45, for with low
levidls of both catalybic factors in the system, o warked inorease
in the diene was noted. However, singe,as reasotnaed earlicr, the
diencedestroying action of the very low levels of haemoglobin
prosent in the reaction system at one minute would he hordly
notlceable ab pil 7+0, the inerease in lipoxldase activity
obaserved at high dilution at pH 76 may be explalned, in
sgrecnent with the supposibion already made, ag due to catalysis
of the Pormation of conjugated diene by hacmoglobin=breakdown
products.

The addition of further amounts of haemoglobln to the
syatem, in the presence of lipoxidagse, would account adequately
for the gradual lessening of this offect and for the resulting
deoprease in diene observed at the very high enzyine concentrations
examined . |

The lack of proporiionality obgerved botween concentration

of lipoxidase and dienc conjugetion at pH 76 is to bo oxpected
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gince the cnzyme was aéting in a gsysten at a pH level well
below its opbtimum. It is inberestiag o note from Figure 49
that a more nearly linesy velatlonship, such as was found ab
pH 9, was restored in the presense of the hosmatin compovnd.

Abtempts to Very the Relatvive Helphts of the Two pH Maxlmn.

As described eaylier in this secblon, the lnteractlon of
lipoxidase gund haematin inn the lipoxidase assey systenm was Found
4o result in a pleactivity curve with two pH mawina, the smaller
of the two peeks ocourying at pH Y°6. One of the inbteantions of
thias study was to deternine suliteble reastion conditions under
whilch the relative heights of the two pH maxime might be changed.

Bvidence from the twe preceding peyts of thls seeotion
suggested that changes in the ratio of aotivity at the two pH
maxime might, throvgh the differentlal effects on elther moximum
by haematin, be prodused by suitable adjustment of both linoleate
conaentration and the level of lipoxidasge iun the reactlon systen.

Accordingly, the substrate-sctivity relationships at the two
PH levels for lipoxildase-haemoglobin mixbtures containing differont
amounts of lipoxidese were determined and oompéred4 Repeated
ohservations ghowed the mogt algnificant change in the vatio of
activity at the two pH levels to ocour, in the presease of 1078y
heemoglobin, at a sodium linoleate consentration of 07 = 107 M
and with a lipoxldase level in the gysbom of 0.002 mg. per ml.

Prom the substrate-activity curves for thils level of

lipoxidase,as shown in Figures 44 and 45, the activity of the
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Fig. 44. - Substrate~Activity relationship of a
lipoxidase~hi.emoglobin mixture at pH 9.
A - lipoxidase conirgl (0°002 mg./ml.)
B - lipoxidase +« 10~ °M haemoglobin
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B - lipoxidase + 10 °M haemoglobin.
Reaction time : 60 secs.
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Lipoxldase~haemoglobin mixbure at a llnoleate concentration of
0°7 % 10™% appeared Lo be higher at pil 7¢6 than at pH 9.

In wlew of the implications of these resulta, the pHe
activity curve of the lipoxildage~hacmoglobin wixbure was
detbernined, using the methed desoribed in Appendix 1, at &
substrate concentration of 0°7 x 107%M.  The relative concen-
stvations of lipoxidase and haemoglobln used in this experiment
were identloal to those described above.

Under these ocondltions, as way be geer fron Plgure 46,
the shange in lipoxidasge a&%&viﬁy produced by the action of
the haematin compound in response to pH, resulbed in a pi-
acbivity curve wlth two pH mexima, the larger of the two
appearing abt pH 76,

Although, under the adopted vonditlonsg, the overall
activity of the llpoxldose~haemntin sonmbination was unavoldably
low, the configuration of the pHecurve was found to be

veproducible.
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3. Lipoxidage-tioenatin Interaction in Lincleate Oxidation

oatalysed by Grude Joya Bxbracts .

The work deseribed in the preceding section was concerned
with the interaction of purified lipoxidase and pure haematin
in the lipoxidese assay system . In this context the possible
involvenent of heewatin in linoleate oxidation catalysed by
erude plant extracts ocould not be overlooked .

Little or no previous study has been made of the possible
matual interactlon of lipoxidase and haematin with regerd to
catalysis by crude plant extrvacts . Holwan (49 ), however , from
studies on soyaw=bean germinotion , considered there to be &
relationship between lipoxidase and catalase in germinating
soya=~beans. ‘The results of these studies led Holman to
suspect thet the presence of catalese complicates the behaviour
of lipoxidase .

Recent work by Blain and Styles (87, 108) suggests that in
erade extraets of plant materdal heematins do play o role in
catelyeds of fat oxidation . These workers noted that in the
linoleate-coupled oxldation of carotene catalysed by crude soya
extraqts » two factors are apparently involved ;, one having & true
lipoxidase action in bleaching carotene by e¢oncurrent oxidation
of linoleate and the other behaving like haemabtins in using
praformed hy&roperogi&e to bleach carotene . Blain and Styles
found this haematin-like Pactor , which they term lipoperczidase,

to predomivate in & pH 45 bulfer exticact of defatied soya .
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In considering the meopgre evidense avellable, it ocourred
to the wrilter that the guestion of +the possible interplay
between lipoxidase end heematin in crude extract catalyais
might be move adeguately resolved by the use of model enzyne
systeng .

The final oxperimental sedbion of this thesis is therefore
intended o oconbribute towards an answey to thls problem by a
gomparative study of the behaviour of crude soya extracts with
that of model ensyme sysboms undor idontioal sconditions.

Qompaxdiason of the pHesobivity Gurves of Crude Bxtracks end

Mﬁﬂomma?ison of ‘thae pHwaotivity Gurves of Cxude Bxbracis and

Model Bysbong.

m"”“’fmﬂ’mf}?ﬂ v"u"m.tw":‘-i”s',au.d MO A e RISINN ) M W SANGND ISR N R VAV WLR LGRS AL uz.i.a

course of these invesblgations that the setivity of lipoxidanew
haemaotin mixbures, vwnder certain conditiona, responded to pH in
a fashion similaxr to that shown by crude soys extrachs. The
somparable conflgurations of the pHeaotivity ourves of soya
extracts and lipoxldase~haematin mlxtures ars shown in Flgures
4% Lo BO.

The striling siwilarlties of the pHwactlvity curves of

orude oand medel systems suggested thet e lipoxidase~hoematin
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interaction similar to that choraoterised in the preceding
section mizht be invelved in linoleate oxidation cotalysed

by soya exbracts.

To dlavestigote the hypothesis {thet cabolysis by cruile
goye extvacts involves such en inberaction and that haematin
compounds ere responsible for the doubleenaximal pHeactivity
eurves of goya extracts, it was deeided o carry oub experinents
on the pieachtivity curves of crude extracts and of model systems
under ldentical conditions .

In order to simulate as near ag possible in the model enzyme
sypbtens, conditions ocourring lu the orude asoya extracts, it
secnsd desiveble to cwploy a known plant haswadin as the haematin
component of the model syostenm, and for this ond eatalase was
ehosan.

Por this series of experinments it also scemed essential to
adopt veaction conditlons for each system under which the pH
maxima of the pHeactivity curves would be eritically discernible.
Flgure 51 shows the pileactivity curve of a lipoxidase-catalose
mixtgra in whick the twoe pasks are elearly distinguished.

Here the substrate level is half that wsed in the case of & spudo
soya exbtrect o glve a comparable pHwcurve configuration as shown

in Plguvs 49,
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Heat Inactivation Studies of Crude and Model Systems .

Some heat inactivation teats were carried out on o corude
soya exbtract and on 2 model ensyme system.
A mumber of ldentlcal lipoxldase-catalase mixtures ,

4y

gontaining 1 mg. per nl. purified lipoxidase and 245 x 10
pure catalage ; were heated to different temperatures and the
ef'feots of this treatment on the pl=activity curve of the model
system were then determined using the method of assay detailed
in Appendix 1 .

This procedure was repeated under the samg conditions with
207 aqueous Nigerian soya extrachts , prepared as deseribed in
Appehaix 1 , and the rosults of the experiments are shown in
Figures 52 and 55 .

When both crude and model systems were heated to 55°C for
2 minutes , the meximum in activity for each system at pH 7+8
was found to be almost completely inhibited , whereas the peak
at pl © in both cases appeared to be signifficantly activated
by this treatment . After heating to 60°C., however , the
maximim at pH O of both systews became markedly depressed , while
the lower pH maximam in each case wos found to be entively removed .
Parther heating of the crude and model systems to 70°C. appeared
to cauwse almoat complete degtruction of the activity of both
systoms.

- These heat inactivation experiments were carried out a

number of tines and in each ease the results were found to be




similer to those show
The remerkebly similar effects of heating on the pl-

activity curves of arude and model systens indicated that the
hypothenls under congideration might be sorreot; that is o
say, 1t appesred likely that haematin, present in the erude
extract, was interfering with lipoxidase actlon in the system
both by reterding diene conjugation ot the more alkeline pH
maxiounm and by ceeusing, indireotly, the inoreosed formation

of diene at the lower pH meximum of the soye extraet.

The appavent instability of catalase towards hest, os
avidenced by the aobtlvating and lnbibiting effects of the
lower temperature on the twe pH maxima of the model system,
ig of dnterest sinee it is well known that oytochrome o,
another haematin compound ubiquitous in plant and anlmal
tlssues, is remerkably heat-stable.

Salt Fffects on the pH Mawima of both Systems.

During studies of the {fredtionatlion of crude soya extracis,
it had been nobed thet the presenee of falyly high salb
goncentrations iu the enzyme oxvracts coused a marked
alteration in the forms of the pH~asotivity curves. It was,
therefore, of congidewable interest to examine and compare the
effects of salt on the pHwcharacteristlcs of both orude and model

gystens.
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fig 95. - Effect of Salt on the Activity of a Lipoxiciase-
-Catalase mixture.
lipoxidase : 0*002 mg ./ml .
Reaction mixture : catalase : 0*5 x 10'"M.
linoleate : 0*7 x 10" *M.
*— Enzyme control. — eo— Enzyme solution at 40% satn.

A— 40% satd soln after 20 hrs at 0-4°C .— o— Soln after 48 hrs.
at 0-4°cC.



- 08 -

Accordingly, a 20% aqueous extract of defatted Nigerian
soya was treated with golid anmonium sulphate to a satuvation
level of 40% . The salt was stivred slowly inbto the astive
solution to avoid unaeceasary denaturation effects through looal
high salt concentrations.

The effect of this treatment on the actlvibty of the soya
extract was determined, over the pH range 7=-1l1, under the usual
conditiong.

Az shown in Piguve 54, the addition of salt to the soye
extract was found to cause almost complete removal of the
naximum at pH 7+06, suggesting elther partial separation or
inaotivation of the oomponent wesponsible Cor this high setivity.
The moximon ab pH 9, on the other hand, was observed to be only
slightly affected, so that, in effect, thls treatment appeared
to change the absolute pH optimum of the crude extvact Lrom pH
7+6 to pH 9 .

Ag the soye exbtract was allowed $o stand in contaot with the

galt, & graduval diminvbdion of the pesk at pil © was observed .

The above progsedure was rvepeated with a mixture containing
purified lipoxidase and puve cabtalase . The relatively low
activity of the lipoxidesewcatalase mixture neeessitoted careful

handling of the solution, and when precaublons were takeon to cnsure
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that undue losses of actlvity did not occur on treatment with
salt , the results , shown in Figure 58,were found %o be
reproducible »

Addition of asmonium sulphate to the mixbure did not
appear to regult in the complete removal of the maximam ot pH 746,
a8 was observed with soya exbracts , for the two pH maxima were
55311 fairly well delineated . However , prolonged contact of
the lipoxidasewcataloge mixture wifh salt was found to cause
transformation of the pHeaotivity surve in a maumer closely
resembling that desoribed in the case of the soye exbract.

The appearance of the curves shown in Flguvres 54 and 55 suggests
that this effeot may have been due to removel of the oatalase

or other haematin from solution by the selt .

The apparently enalogous behaviour towards selt of the
model and crude systems gtrongly indicated that a lipoxidase~
haemnatin interaction occurs in linoleste oxidation catelysis by
soya extracts , thus veinforeing the evidence leading to this

conclugion already derived from the heat insctivation experiments.



HfPoata nf Gwanide on the Tainoxidane Aativiidv of Undel and of
=Smpesets of Cyendde on the Lipoxidase Activity of lodel and of

Gim
==0rude Svasteng.
Mapson and Moustefa (31), in 1954, reported two factors

to be dinvolved in the linoleate-coupled cxidation of glutathicne
gatalysed by crude extracts of pea lipoxidage, one of which,
belag eyanide-sansitive, appeared to behave like a hacwatin
gompound. (71) .

in consldering these findings, 1t seemed that further
evidence of the luvolvement of haematin, and of the nature of
its role in eyude extract calelysis, mlght be obtained by

gomparing the offerts of ayanide on orude and model systems.

The effeet of cyanide wes determined, flrstly, on the
sebivity of purified lipoxidase over the pH renge 7 Ho 11 and
over reaction poricds of ons mluuwbte and longer. The lipoxidase
congentretion and the substrate level used were gimiloyr to those
adopted for the gtudy of the model systems. Polasgsiunm
syenide, added to the reaotion gysten at & level of ZO*SHE
was found to have no efffeot whatsvever on lipoxidase aobtilvity
under these conditions, in agreement with Holman’s findings (11).

Having established that the puwrifled llpoxidase systeom is
not offested hy oyenide, 1t seomed likely that any consequent

change in lipoxidase behaviour observed in the presence of
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-Catalase mixture.
lipoxidase : 0*002 mg./ml.
Reaction mixture : catalase : 0*5 x
linoleate : 1*4 x 10-4~*,
e — Enzyme control. — o— Enzyme,substrate,cyanide mixed
Enzyme,cyanide equilibrated simultaneously.

10 minutes before substrate added.



catalase would reflect the action of oyanide on the hacematin

component.

Pigure 87 shows the effaots of 10" gyanide on the pHe
actlvity eﬁvve of the lipoxidsse~catalase mixburs. CGuwvve A
represents a control without cyanide; - ocuvrve B represenis
gubstrate, wodel eusyme systen and cyanidswbulffer mlxed
simsltancouslyy and curve § represents model system and ¢yanide-
buffer equilibrated for 10 mimvies before addition of subsirate.

Vhen model system, cyanide and subgirate were mizmed
simaltaneously, & marked iuhlbition of the maxlmva et pil 7°6
wag lumediately appavent. Dotween p¥ 8 and pi 10, on the
other hand, a slight increase in activily was observed. These
offfests became move pronounced, woresvor, when modol system and
gyonide were allowed 310 minubes to react before the substrate
was added, for, uwnder these conditions the peal at pl 7¢6 was
gunbirely inhibibed whereas the maximim ot pH © was dletinetly
agtivated.

These veswlis ars typloel of those obsevved for o laevge
nanber of such experimenis.

On comparing these cobservations with the previously obtained
date ashown in Flguove 81, 1t appearved that cyenlde, as expested,

had effectively eliminated baewatin~interfervence in the
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lipoxidase venction systen.

it was thervefore possible, on the basis of these findings,
to speoculate that eyanide " activatiod of soya exitract activity
would refleot the presense im the erude exirvacts of a hasmabine
like labibitor of diene counjugation. The resulids suggested,
noreover, thet 1f oyanide "inhiblilod of crude extract activity
could be manifested, support would be given to the postulate
that haemating, in the adopted system, conteibute to the
lipowldase activity of crude soya exbragts.

In view of these considerations, it sosmed worth while to
determine whether the diffeventiel effects of cyenlde on 4he pl

noxime of & orude soye oxtract could be demonsgirated.

Acoordingly, the effect of 10"y cyanide on the pH-activity
curve of a 0% agueous Migerian soya extrect wes oxanmined under
gonditions similar to those descrlbed for the model enzynme gystem.

In the case of the ¢rude exbract, howover, a dissimilav
response to cyanide wag found. Piguve 6 shows that ceyenlde,
added simaltancously to the wreagbtion system, had no effect on
the maximan abt pH 76, but caused & marked inerease in acbivity
betwosn pH 8 to pH 10 as was noted sariier in the gase of the
Lipoxidase-catalaze mintore. This " activation effect became

move apparent when soya extract and eyenide had been equilibrated
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Por 10 mimutes before addition of svbsitrate to the system.

Under these experinental conditlons, oyanlde-~inhibition of

the activity below pil 8 was hardly nobilceable.

From these observations, whieh were vepeated, ib peens
1ikely thet the maximum in actlvity of the eruds extract at
Pl 7+8 was not the functlion of a haswetin compound. The
vesulds do dmply thet hasmatin ig davolved in linoleate
oxidation ocatalysed by soya exbracts, bult as an agent Lor the
decomposition of linoleate hydvoperozide, thus covroborating
the evidence alrveady obbtained on other gyounds by Blain and

Styles (87, 109).

FPigure 58 shows the effeot of cysride on the pHeaobivity
eurve of a 20/ gH £4°5 bulfer exivaet of defetted Wigerian soya.
TH will be obagerved that the effenlt of oyanide on the maxlmum at
pH & was very slight end that changes in the asbivity of the
buffer extract in this region were goareely discernible, as had
been found in the case of the corregponding squeous soya oxbrast.

A% pH levels above 8 there was an uvnwistakable increase in
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lipoxidage acbivity, which,it will be noted, was found bo
result in the appearance of 2 maximan in activity at pH 9.

This seems to indicate that the apparvent absence of a
maxinum in lipoxidase activity at pH 8 from the pHeourve of
a freshly prepaced pHl 4¢85 buffer exbract, nay be dus o the
preddninence in such as extract of the haematinelike dienc
degtroyer. This observation also tends to support the
findings of Blain and Siyles {87, 109) thet haematin present
in cvede soya is more soluble in pH 4+5 bulfer than in

distilled water.

The dete presented in this seotion favour the hypothesis
that & mubual interaction exists between lipoxidase and hacmatin
in linoleate oxidation catalysed by orude soyae extracis, with
haematin efTecting the breakdown of the conjugeted linoleate

hydroperozides formed by lipoxidase.
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DISCUSSION,

Owing to the nature of the ovidence presented, discussion
of deotall hag alv@a&y been deali with in bthe texb of bthe
exporinenbal sectblons, '

The experiments deseribsd on lipozidase-haemabin
interaction show thalt bhe presence of hoomatlin affechs the
chorneberishios of the lipozidase oxidetion. While the ‘
evidonce on huomobinecatalysed destrustion of eonjupabed diene
hydvoperoxwide in bhe lipoxidese eysbeom is cleavwcub, the date
on the hasmabin-induced ineresse in dlens is nob so easily
inberpreted.

The relabionship betvesn lipowidese and ha@m&ﬁin in bhe
adopbed pystom was couplicalied bolth by the considerable nunber
of vapiebles ib the veachion syshem and elso by the desbruction
of the hacmabin compound, Due to bhe cowples noture of the
sysbem, o nunber of rational interprobabions may be pubt forward
o vuplain bhe snomalous lnevesse in diene obgeyved in the
pregence of hagmabin. Neverthelessg, bthe sinplest explénati@n,
and the one which £its all the facts concerned, is that the
increagsed formation of conjugated diene was cabalysed by a
product of bhaemsbtin decomposibion.

The concepd of a haomatin cleavsge produch capabls of
conjugabing dieve,; which hog nob proviously been sonsidered,
would aceount sdequabely for the observations mads recently by

Blain and Styles (87) on hoemabin cotalysis of diene formebion ob
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relatively high lovels of lisoleate. This view g also
vosoneilable with the vecent £indioge of Meler and Toppel (106),
who reporhed bhat heemoglobin ab pH 7 and pi © coused wapid
oxygen vpbske by lnoleabs ot linoleate councenbrabions obove
iﬂfé%Q since this inereased rate of onygen absorption could
have boon conged by bhe produet of heenoglobin decomposibion
promobing bhe formablon of conjugated linoleato hydroporopide
i the syobom ab the high linolesbe levels. The co~ozmidebion
of the hoomabin compound; moreover, might aloe be ezpooted %o
conbribube %o this incressed owygen upboke.

in the courge of breghdown of bhe hwemabin molecule,
inorganic lvon ions are velossed, Inorganic drov hes been shown
to have catnlybic acbivily with regord to the omldebion of
ungaburated fabs (52, 54) and 3% might theorefore bu supposed bheb
the obgerved inersase in diene wag due to vabalysis of dione
formabion by ivon fons., Howevers; inovganic iveon solts, fevrous
ommondun eulphate and ferric chloride, when edded in concenbreblong
ab all commengurebe wibth the awount of ivon exiebing in the sysben
on the breskdown of the heemabin compound, were found to have no
effect vhotsoever on diene conjugablon in the adopbod sysben.

It seems likely, thevefore, thet bhe foctor veosponsible Lo
btho phonomnonon of incressed produchblion of conjugabed dions in bhe
Yipoxidope sysbon is a cleavage Lrognent of the hoomabin compound.
Sioce bthie offect wos dotected nob only in the pregsence of the

conjugated heom protolins hacmoglobin and cabalago, bub also in the
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prepence of cryeballine heemin, which is nob combined with
probeln, b would appoar that the haswmabinebreshdown product
concerned is pyobably a frdeblon of comparabively lov molecular
wolghbs The dsolation of the breskdown product wounld provide
the edgenbial confirmablon of this bheory.

The data wisth respect to sindlarity of beheviour of erude
soya exbireabs and liponidoseshacumabin niztures give sbrong
ﬁ,méieémen thet hasmabin iz dovolved in unsaburabed«fat
oxidation catalysed by eoys owbrecte. Moveovery subsoguond
detorminabions 6f bhe cabtalase end poroxidage lovels progent in
Nigoyian and Chinsse suye have shown that the wvelabive pask
holghta of the pHeactiviby cuwven of the soye ewbrochs con be
volabod to thelr haomatlo conbonts, Lfor it wap found bthey
Migewian goya, bhe major pH mewlown of which cecuwred owound
ol Tob, conbeined almost Dive bimes bhe lovels of cabalase and
poroxidage d&'&éﬁ%t@ in Chinese soya, the plenstivity curves of
which exhibibed very suall pooks ab pH Y6y

The present sbudy with model gystems bhad ap ibs major
objective the produeblon of a patbern of behavicur gomparable bo
that of crude soye ewbracbe ond 4% should be poinbed oub thabt the
lovels of haoemebin vequived to produce bhe dosived offects wore,
in all probobility, bhighor than the levels nozmally found in
plont blogues, Cerboin linfbatlons must also bo recogpiged in

the use of woded enpyme gystems. Une cennob be speured of
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dupilicabing the conditions cceurring in plant bilosue ewbracts,
For exomple, orude soya extrocts, vhen in high conecenbtrotions
such ag bhose omployed in the progent study, conbain lavge
amounts of exbyeneoug probein and since, in general, protelns
in solubion exhibib surfece astive vroperbies, the possibiliby
oxiabs thot Lhe increased lipoxidage aebiviby observed bebucen
pi 7 ond 8 in the cagse of soye exbrachs wes the resuld of lowered
suriace tension and the conseguent incresse in subsbrate
availability in the heberogeoneous reactbion systems existing ab
bhese pH Jovels, This effect does nob seem unlikely since
exbracts of Nigerian soyea, which shoved high activity in the
adopbed system avound pH 7.6, contained a great deal move soluble
maberial bthan did bheose of Chinege soya whieh was a mueh vicher
asouree of lipoxidese. The results of the euperiments on eyanide
effects on crude and model syptems tend bo support the line of
argument bhab the increoased formebion of conjugabted dienc
uhgerved around pH 7.6 in bhe case of crude goye exbrochs was nob
altogether eaused by o hacmetin compound, or, rabther; by a haemabin
dovivative.

The present atudy, houever, does provide strong evidence o
indicate that the primary fungblon of haemabin in lincleate
oxddebion eabalyced by orude soye extracts is the destruction of
whe linoleate hydvoperoxides formed by the acbion of lipoxidase.

It seomg elear, bthevefore, thot o mubual interacbion exists



hetveen linpoxidase ond haemaiin in nopaturdbedsfab oxldabion
eabalyeed by soye ewbrache. On bbe besis of bthe obgorvebiong
dogeribed dn bhls bhesis, bhe poesibllity of cagual inbonforence
from heemobing in work with orude plent ewbracbs canuob be

digregarded.
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CONCLUSIONS

A sabisfoctory mobhod fov the geopevstion of hacnmablin-Tree
Lipowidegs Lrom soyowboang has boon developed

The chavactorigtics of the hasmablnefran lipoxidase syoben

have been defined wsing the dicne conjugelbilon wmebbod of apgey.

The wseburabod-fab oxldase bhehaviour of haemabln compounds

hns been egboblished, In ibs dleweedestroying agtion

boomabin appeers $0 bebave wore 1like o mebal cabalyst then

ayn eneying.

Tho Antorvaction of purified lipoxidese end pure heomabin in

tho sfopbed veoctlon systom hag booen oxmanined and the variobles

involved hove beon sbudied, Trom the daba obtoiued 1% is

coneluded that the prescnce of heomabiln eonplicabes bhe

bohaviour of liponidano.

In the coursa of this erogbion hoomabin ds degbroyed, and

cridonce hog boen obbained bo suggest that o cleavege produet

ig capeble of conjugalbing dieno,

The charootoristics of crude goys owbrocte and liponidase-

hoomabin mixbuves heve boen exomined and compaved. On bthe

bagle of the work carvied oub, the possible dnberforonte from

hasmabln present An vnsabtuvdbed-feb oxidabions calbalysed Ly

sruds plant oxbracts cawob be overiooked,
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APPEIDIE Ia
LIPOXIDAGE ASGAY,

Reogenhs. aod A7
The folloving vesgonby nnd apparats eve rvequived

Roacbion Buffer, pi 93+ 10 ml, N comonis and 30 nl. smmonivom
chloride, diluted to 2000 ml. with dlegtilled waber,

Albernabive ronchion uffers, pH 2,0 to pH 12,08« Uhere obgervablons
over & folrly vide ronge ave raguived, Walpolets (109) pH 2 to
5,5 apebobe buffer syotem and Bribbon and Welford's (110) pH 6
to 12 phogphate buffer gyaten bave bazen found convenlenb,

Five volunes of Walpoles mixbure of 0.4M gsodium scebabe and
Ue¥ hydrochlovic scld ave dllubed to ong handred volumes.
The 0.4l pobassiun dihydrogon phosphabe/0.8M sodiun bydeoxide
buffor minture of Britton and Welford is also diluled one in
Brenby «

The pH of the reaction Wwriere ave debermined in bhe
progonce of the appropriebe guanbisy of subabrabto.

Bumyme oxbravhion bulfor, pll LGt~ 134 @l, of 0,10 mootic acid
and 86 ml. of 0.1V sodiun acebabe.

Agneons sodium hydeomide/potassivun oyanides~ A 204 selubion of
goddun hydroxide dn distilled wober; conbeining 4% potasslum
eyanide, is used to stop bhe ongyue rescblon,

Aleoholie sodiun hydvomidets 4 gns cousbic soda pollets ave
dissolved in 5 ml. of warm distilled woler and diluted bo
100 mi. wibh eobbhowol. The solubion iz sbasdordized in the

ugnel way.
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Bodianm linoleate subgbrobtes- Mebhyl linoleate, obbained from the
Horuel Ingbitube, Miovesoba, s sbored o evacnated ampoules
ab  «20%,, cach smpoule conbaloing 021 gm, of mebbyl
linoleabs, vhich is equivalent bo 020 gm. of linolelc acide
A slight esrcess of the aicoholic N sodiuwm bydroxlde solution
is added 0 en openad smpoule ond mixed, The solublon in
allowed Ho saporifly evernighb, ond diluted Bo 100 mi. with
dishilled wabor. One ml. of bthis solubion conbaing 2 mg.
of linoleiec acid, The substrate blwa prepaved ls froshly
made up for cach experinmend,
Spectrophobonetric neosuremanbyss The Hilger Uwispek spechpoe )
£
photonetor is used wisth wovelength 234 muy glit width ﬁf}/f and S
1 oome. colla. -
Reaction flaskss~ The veachion is cerried oub o 200 ml. conleal
flosks. These ave bthovoughly cleoned by soaking overnighb
in a stvong canasbie soda solubion. Then Lhey ave vingsed
thovoughly with tap waber end bthen distilled wvator bafore
deying for vee., Dobween assays they mey be vringed bhoroughly
wibth diebilied waber and dried. Soaps and debergents should
never be nged for cleaning glassuare, sinse Lhe progence of
tracos of such surface-ncbive agenbs way inberfers wibth bthe
BSBAY e
Mebhod.
The preparation of cvude soye exbractot- The coawsely ground soya

weal ig defabbed for six hours in o Soxhlolb appavsbus with
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Atebhyl ebhor (bepst 34%-36%C,)s  The defabbed meberial is ground
0 pass o OD-mesh sleve, ond § gn. susponded in 28 wl, of
eflthor dishilled waber or pH L5 sxbrection buffer, The
mixture 1l sheken For one houwr, bBhen caenbrifuged Jfor ten
winvbes ab 2000 r,paue and decanbted throvgh o No. 1 Whebmen
Pilher papsr.

Aggay e~ The veschbion iz cervied oul in the prepaved conleel flasks,

vhe additions belng made in bthe following owvder,

Adddbion Rongidon Flaglk Blavls Fiasl
Lo Reacbion Buffer, 50 ml, Reaction Bulfer, 50 ml.
2o Substrabe solubion, 1 ul. Ag. sodium hydvowide/
potagaiom ayanide, 1 nl,
e Enzyme solublon, ¥ wle Engyme golubion, w ml.
s Age sodiun hydwoxide/ Substrobe solubion, 1 ml,

potassing eyanide, 1 ml.
The reactlon bulfer is added bo the Llasgks ond bhen equilibrated
with atmospherie oxypen befove ugs. Afber the subgbrebe
solutlon hag been edded; the fiask is bhovoughly shoken up.
The eongyme solutlon &5 vhen added fyvom o wieroburetbe with a
capiliary abtbachnent, the volume of erude op purdfied ensyne
solublon vweed boipg shout 0,08 o 0,30 wl, The flask is
vobobed during the addibion snd algo durding the bime bhe
vercbion is proceeding. As scon ag bhe engyme iz added, a
abop wvebeh o pbarbed and afber oxactly one minube bhe godium

hydrownide/potessivm oyanide solubion 4o added o shop the reacbion,



iv

The opbleal densdty of the solublon i2 measguved in vhe
apectrophobonebor agelngd bthe blank solubtion prepared ag

abova.
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MEASUREMENT OF HABMOGIOBIN DESTRUCTION
IN THE LIPOXIDABE.LINOIBATE SYSTEU



V.
APPERDIX 11,

MEASUREMENE OF HAZMORLOBIN DESTRUCTION
IV THE LIPOXIDASELINOLEATE SYSTEM

Boaganhs and Apuaratng.

Reachion bulfors,; pH 7.6 4o p 91 i 7468 100 ml. 0.4M
pobassiun dihydrogen phogphate and 40 ml. 0,21 gedium
hydrozide, diluted to 2,800 ml, with distilled waterv.
pll 93 100 mi. 0.4M pobaseium dihydrogen phosphate and 50
mle 0.2M godivm hydvoxide, dilubted to 3,000 ml. wibh distilled
vaber,

Idpoxidase Meenoglobin mixtures~ A 2 mg. per nl, solubion of
purified lipoxidase conbaining 5 = 0™ pure haemoglobin
is usoed.

Sodiun linoleate solubions- & subgtrate selubion conbaining the
guuivalent of 2 mg. per ml. iinolelc acld is used,

Bubanol/dlethyl ether/glaciel acetic acidi~ n-Bubsnol, dlebhyl
gbbar and glacial acetic scld mized togebber in the volume
vabio 10:15:1.

Hydvoxnylemine hydvochlorides- A 107 solubion in distilled water io
noed.

owPhonanbhrolines- A& 0,759 solubion in ebhyl aleohol is used.

Pobageiun ferricyanidet- A 1% agueous solubion is employed to
oxidise the heemoglobin present in the reaeblon systen Lo

mebhasmoglobin,.
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fGolorimebyric neasuvenentsi~ Por the wmeosurenont of acldd
mebhaomoglobin, the Wilger Urispek spescbrophotometer is
voed with wavelengbh 498wy, 211t widbh 5/ and 1 ons oellg,
Fow the eshilmabion of inorganie ivon, the Hilger Spelklher
shgorpblometer ls employed wibh Ilford speebrim bluewgreen
filsers (No, 604) ond 40 mm, eolls,

Reachbion flasksi~ The reascblon s carried out in 200 mi,
conical flesks. ALl glosswere must ho serupulovsly
oleaneds the mebhod deseribed in Appendiz I may bs used.

Mathod,

ol Ll
Ouk ml, of the lip@xidasemhg@mﬁglﬁbim mixture ig inbroduced
inbo the rescblon flagk conbaining 50 ml., buffer and 1 ml,
sodium linoleste solubion. The resebion is allowed Lo proceed
for a sulbaeble time. The reaﬂtian ig then stopped by bthe
addition of 1 ml, of hydroxylemive hydvoshloride solution Lo
the flagk contenbs. One mle. of aleoholie o-phensvbhroline
and 25 mls of the golution of potassium ferricyonide are
Ammediately added bto the flask, followed by 10 nl. of the
wabanol/ethor/asotio seid mimture, The contents of the flagk
are sheken and thon treansferrsd to o seporaling fuonel. After
equilibration the two pheses ave separabted. The agueous phase
g trangferyed o a 100 ml, graduated fleglk and bhe organic
phage Bo a 10 wl. graduated cylinder. The volume of the
organic phoge in the cylinder is adjusted Yo 5 ml. with

bubanol/other/acetic acid,
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The eolour of bhe fovrouswowphenanthyoline eomplex in the
gradusbed £lask is dovelopsd uslng dilube mmmonde solublon. The
solubtlon is made wp bo 100 ml, wibh glossediabiliod wator and
mimed welle Tho coloured solubion jg vead against a hlaok
golublon propaved in the some way as bhe bepdb solutiony owxcephb
that disbilled wober ls subsbibtubed for the lipoxidaso and
linoleate solubiong.,

The concentpabion of inoygenic ivon in the test solnblon is
obbained by rolerones bo o gbenderd graph congbruchad fyom dabo
obbained by uee of a shandard ivon goluvlon, prepared from reagent
ivon wire. TFrom this Ligure, the hacwoglobin destroyed fn the
lipoxidage-linoloate gysbom wibhln o cerbain time may be expressed
ag o pergeabage of the irop opiginally presont in the dubech
haemoglobin.  This labber flgure iz determined by web oxidablon
of the pure haemoglobin solution using conc., sulplmric and nibric
aglds, followed Ly the colordmebric uessurement of Lthn iron by the
mothod descrlbed above.

The opbticel densiby of ths acld mebhaswoglobin fraction in the
orgenic phase is meesured in the spectrophotomebor al 498 mp egeinst
o blank solubion of bubsnol/other/acetie acid mimburs, From this
roadiog the heenoglobin destroyed in the parblowlar tine inbeyval moy
be soxprossed ag o percentage of the oviginal acid mebboemogiobin

vedus of the gysbomu,




