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Abstract—Lipoxygenase activity was demonstrated in partially purified preparations from small faba beans The
enzyme was shown to possess a pH optimum of 6 5, and was mactivated by exposure to 70° for 15 min The
K,, value for linoleic acid was calculated to be 057 mM Ammomum sulphate fractionation yielded two highly
active preparations, which were both active towards [inoleic and lnofenic acids Neither fraction was mnhibited
by erther cyanide or p-chloromercuribenzoate The two fractions showed markedly differing responses to calcium
10ms, suggesting the presence of two lipoxygenases n faba beans Activation of the enzyme by calcium 10ns was
eliminated by the addition of EDTA

INTRODUCTION

THE SMALL faba bean, or horse bean, Vicia faba L. var. minor (Peterm.) Beck, 1s widely culti-
vated in Furope and Asia, and is currently bemng considered as a possible new crop for
Western Canada.! There is considerable interest in this bean from the nutritional stand-
point since its lysine content 1s comparable to that of casein. However, the limiting amino
acids are methionine and cystine. Investigations are being carried out to determine the
possibility of incorporating faba bean protein 1solates into human foods for nutritional
enrichment.

Analysis of the fatty acid content of faba beans has shown that linoleic acid accounts
for over 50% of the total fatty acids present ' This acid is particularly susceptible to oxi-
dation which 1s responsible for the development of off-flavors. It has been found that pro-
cessed faba beans develop rancidity very soon after grinding, representing a major storage
problem

The purpose of this investigation was to study the development of rancidity in faba
beans with respect to the enzyme lipoxygenase (linoleate. oxygen oxidoreductase, E.C.
1.13.1.13). This enzyme catalyses the oxidation, in the presence of molecular oxygen, of
cis,cis-1,4-pentadiene systems in unsaturated fatty acids to conjugated cis,trans hydroperox-
ides It has been studied 1n a number of plants.>~7 Activation of lipoxygenase by calcium
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1ons was first demonstrated by Koch® in navy bean and soybean extracts. This work was
extended by Koch ¢t al 7 who demonstrated calcium-activation effects which suggested
that navy bean lipoxygenase may consist of two 1soenzymes Pinsky ¢r al * were unable
to show any effect of calcium 10ns on either of their two potato lipoxygenases Restrepo
¢t al.* demonstrated that two soybean hipoxygenase isoenzymes differed markedly n their
response to added caleium 1ons. one fraction being mhibited while the other fraction was
activated

The present study demonstrates the occurrence and 1solation of two active lipoxygenase
fractions n the faba bean, each differing markedly n their response to calcium 1ons

Vol Concen Total Protem Specific activity Yield

Procedure (ml)  (unitsimi) units (mg ml) (MM O, min,mg protein) ".) Purification
Crude

extract 425 935 10333 174 05455 100 1
Acid

treat-

ment 430 73 31562 100 07343 783 15
Heat

treat-

ment 415 67 27937 95 07064 68 1 1S
{NH,),S0,

400, 15 756 11340 480 15750 281 30

509, 5 604 3020 372 14623 78 30
Dialysed
{NH,),S0,

40, 14 251 3518 101 2495 87 20

50° 5 208 1040 110 07102 26 [s

engyme preparation, o 30 pb The substate soluiron was oxygotated ot 25 for T 25 o, oererredaiety
o3 » £

;
he addition of the enzynre Oxyger uptake was mortored ot 25 osimg art oxs gen clectrode

RESULTS

Lipoxygenase activity was observed 1n two fractions obtained respectively from 30 40°,,
and from 40-50%, ammonium sulphate precipitation, and these were then purificd by di-
alysis and reprecipitation (Table 1) There was a linear relationship between enzyme con-
centration and oxygen uptake in respect to all determiations carried out The enzyme
was completely mactivated by exposure to 70 for 15 min, 1t was found to conform to the
Michaelis-Menten equation. and a Lineweaver Burk plot gave a K, value for hinoleic acid

of 0-57 mM The enzyme was active over approx 1 5 pH units. with the optimum at 6 5,
it was completely mactivated at pH 8 2. and shghtly active at pH 52

FE SPFC OF ERAC

Substrate 40°, Fraction 30°, Fraction Substrate 40°,, Fraction 507, Fractuon
Linoleic acid 100 70 Dilinolemn S 2
Linolenic acid S5 S0 Monolmolen 5 3
Trihinolen 5 3 Methyl linoleate 5 3

Activity 1s cxpressed as percentage in terms of the activity of the 40", fraction upon linoleie
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The two fractions from ammonium sulphate precipitation exhibited a high degree of
spectticity towards [inoleic and [inolenic acids. A sight activity was demonstrated when
the free acids were replaced by methyl linoleate or the three glycerides (Table 2) Neither
fraction was inhibited by 1 mM cyanide, or by 1 mM p-chloromercuribenzoate The addi-
tion of 1 mM EDTA interfered with the stimulation of lipoxygenase by calcium 1ons by
elimmating any mcrease in activity

The two dialyzed fractions from ammonium sulphate precipitation were shown to differ
markedly in their responses to calcium 1ons. Activity m the 409, fraction was significantly
(p < 0-01) mhibited by calcium chloride at final concentrations in the reaction mixture of
0-75 mM and 1-00 mM, with the greatest amount (33 5°) of inhibition at 1 25 mM. How-
ever, activity in the 50% fraction was significantly (p < 001) stimulated by calcium chlor-
ide with maximum activation 1n the presence of 0-50 mM CaCl,. The activity decreased
until at 1 00 and 1:25 mM 1t was not significantly different from that observed 1n the pres-
ence of 025 mM CacCl, or the corresponding control

DISCUSSION

The differential response to calcium 10ons by the two dialyzed ammonium sulphate frac-
tions suggests the presence of two separate lipoxygenases in faba beans This finding paral-
lels work on soybeans by Restrepo et al.® who also reported two distinct lipoxygenase frac-
tions differing m their response to calcium 1ons In the present study a 50%, loss of activity
was demonstrated following dialysis of the 40-50°, ammonium sulphate fraction. This
activity was mcreased by an increment of 64% on the addition of 0-50 mM CaCl, but was
virtually eliminated by the addition of EDTA (I mM) This indicates that EDTA has a
higher binding affinity for the Ca”* in comparison to the hpoxygenase fraction. Dialysis
of the 30-40% ammonium sulphate fraction resulted in a 63°%, mncrease in activity. This
activity was inhibited by 33-5% on the addition of 1-25 mM CaCl,. Thus the two lipoxy-
genase fractions showed markedly differing responses to calcium 1ons.

EXPERIMENTAL

Source material Small faba beans (Vicia faba L var minor cv Ackerperle) were obtained from the Dept of Plant
Science, University of Manitoba The beans were harvested 1n 1972 and subsequently stored at room temp

Enzyme preparation and assay Lipoxygenase was partially purified from buflered crude extracts of acetone
powder by pH 5 0 treatment, heat treatment (55° for 10 min) and ammomum sulphate fractionation The activity
was determuined by following substrate oxidation at 25° using a biological O, monitor 3 0 mi of 20 mM substrate
dispersed with 00282, Tween 20 in Tris-maleate buffer, 02 M, pH 6 5 was placed n the reaction chamber, this
solution including additions 1n the appropriate experiments The substrate solution was oxygenated at 25~ for
125 mumn, after which 1-50 gl of enzyme preparation was added. and oxygen uptake recorded Protemn was deter-
mined by the method of Lowry et al ® using crystalline bovine serum albumin as the standard Control exper-
iments with boiled enzyme preparations did not exhibit any activity Substrate solutions were made up fresh
daily and were stored under N, when not 1n use

Enzyme actiity units The specific activity was calculated as mM O, uptake/min/mg protemn At zero time
all substrate solns were 100% saturated with O, At 25°, the conc of O, 1n a 100%; O,-saturated aq soln 1s 126
mM °

Statistical analysts An analysis of variance was carried out to determme significant differences between the
{evels of CaCl, on the activity of lipoxygenase Duncan’s multiple range test’® was used to compare treatment
means

8 Lowry, O H, RoseBROUGH, N J, FARR, A L and RanpaLL, R J (1951) J Biol Chem 193,265
9 YAMAGUCHL, M , HFNDERSON, H M, HwanG, P M and CampBtLL, J D (1969) Anal Biochem 32, 178
10 DuNnecaN, D B (1955) Biometrics 11, 1



2716 N A M Eskinvand H M HENDERSON

Acknowledgements—The authors wish to express their thanks to Mr A G Wollner for his technical assistance
This work was supported mn part by the Mamtoba Environmental Rescarch Commuttee and the Manitoba

Department of Agriculture



