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Abstract-Llpoxygenase activity was demonstrated m partlaily purdied preparations from small faba beans The 
enzyme was shown to possess a pH optimum of 6 5, and was Inactivated by exposure to 70” for 15 mm The 
K,, value for lmolelc acid was calculated to be 0 57 mM Ammomum sulphate fractionation yielded two lughly 
active preparations, winch were both active towards fmofelc and Imoiemc acids Neither fiactlon was inhibited 
by either cyamde or p-chloromercurlbenzoate The two fractions showed markedly dlffermg responses to calcmm 
ions, suggestmg the presence of two hpoxygenases m faba beans Activation of the enzyme by calcmm Ions was 
eliminated by the addition of EDTA 

INTRODUCTION 

THE SMALL faba bean, or horse bean, Vzc~afuba L. var. minor (Peterm.) Beck, 1s widely cultl- 
vated in Europe and Asia, and is currently bemg considered as a possible new crop for 
Western Canada.’ There is considerable interest in this bean from the nutritional stand- 
point since its lysme content 1s comparable to that of casein. However, the limiting ammo 
acids are methlomne and cystine. Investigations are being carried out to determine the 
posslbllity of incorporatmg faba bean protein isolates 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 0x1- 
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 
cls,cis- 1,4-pentadiene systems in unsaturated fatty acids to conjugated czs,trans hydroperox- 
ides It has been studied m a number of plants.2-7 Activation of hpoxygenase by calcium 

’ PRESBER, A A W (1972) An mqulry mto the origin, cultlvatlon and utlhzatlon of the smaii faba bean (horse- 
bean) in Austria, the Federal Republic of Germany, and England Report of the Canada Grams Council, Win- 
mpeg, Manitoba 
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tons was first demonstrated by Kochh m navy bean and soybean extracts. Thus work was 
extended by Koch et ul ’ who demonstrated c&turn-acttvatton effects whtch suggested 
that navy bean ltpoxygenase may consist of two tsoenzymes Pmsky or ~1’ were unable 
to show any effect of calctum tons on ctthcr of their two potato ltpoxygenases Restrepo 

VI ~11.~ demonstrated that two soybean hpoxygenase tsoenzymes dtffered markedly 111 their 
response to added calcium tons. one fractton being mhtbtted while the other fraction u’as 
activated 

The present study demonstrates the occurrence and tsolatron of two active l~poxygenaac 
fractrons m the faba bean, each drffcrtng markedly m thcu response to calctum tons 

T,,,L, 2 ‘:r;?>XF? A3!‘T I’. GR :.+&C N‘C ::;>: C~jf;i :fl;:A.Y’ ;>,.I i ~_ l_ll,. .A> ~.l....,~.,. p.*>_.q,: ,>.;: <! i.;$:l;l;,: *, ‘,.i;\i:.j: ‘T, ;.;,* $3: ;lx :7.- ,,> ;IQj -.. 

Vol Concn rota1 Protcm Specific dctl\lty Ylcld 
Procedure (mi) (units:mi~ un1tc (mg ml) (mM 0, m~n~rng protein) (“,,) Purlfic‘ctlon 

Crude 
extl act 425 95 4033 3 174 0 i455 100 I 

‘Acid 
treat- 
ment 430 1.1 31562 IO 0 0 7343 7x ; 15 

Hc,tt 
treat- 
ment 415 67 1793 7 95 0 7063 6X I 15 

(NH,),SO, 
40”,, 15 75 6 11340 4x 0 I 5750 28 I 3 0 

SO” ,, 5 60 4 302 0 37 2 I 4623 7 30 
Dldlysed 

(NH,),SO, 

40” ;, 14 25 I iSI 8 IO I ‘4951 87 5 0 
50’1 II 5 20 8 1040 110 07107 26 Ii 

The standard reaLtlon mixture composltlon was lmolelc dud. 2 0 mM 111 Trls~~maleCmz butter. 0 2 M, pH 6 5 
./ \I Ll,, 2.0.nl. e;y;Tpjrme isrer,,&Ta.io; >@ ;rc;.,i+ TlrC ju.;B&-&.Ps-. so.>srt-,.o.,~ Cd, oxI&.,~d.t.C~ ‘r> 2.3 i.crl- > L- 7 mm n-rrrrri~&id i&j 
i;riCS t0 the cidditiOii Of ihe WEjilX OXj~ll iipidke ZnS m0rrrtCjRd ai- usnTg,trT Oxy,gClT ciectrodc 

RESIJLTS 

Lipoxygenase activity was observed m two fractrons obtained respecttvely from 30 40”,, 
and from 4(rSOl:,, ammomum sulphate prectpttatron, and these were then purrtied by dt- 
alysts and reprectprtatron (Table 1) There was a lmear relatronshtp between enzyme con- 
centratron and oxygen uptake in respect to all determmattons carried out The enzyme 
was completely mactrvated by exposure to 70 for 15 mm. It was found to conform to the 
Mrchaelis-Menten equatron. and a Lmeweavcr Burk plot gave a K,,, value for Imoletc actd 
of 0.57 mM The enzyme was acttvc over approx 1 5 pH untts. wrth the optimum at 6 5. 
it was completely macttvated at pH 8 2. and sltghtly active at pH 5 2 

T.hr$-&rr : ~:,,-*~TR.i. in Q3$ <~iF:j: ‘r.r:’ (If 42’) :, >“ji) M” ,( A W,R>~~~T~ :* ‘;I ,:_FTR,,>_ I I? 4:. n<:u’, 
-____ 

SUhStrdtC 40” Fraction 50” Fraction LI 0 Substrate JO”,, traction ,, SO” Fraction 
-____ 

Lmolelc acid I 00 70 Dllmolem 5 2 
Lmolemc ud 55 50 Monollnolcm i 3 
Trlllnolcln 5 3 Methyl Imoleate 5 3 

.____ 

ActI\ It) 15 expressed as percentdgc III terms 01 the dctl\‘ttJ of the 4(1”,, fractmn upon Imolc~c 
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The two fractions from ammomum sulphate precipitation exhibited a high degree of 
specificity towards hnoieic and imofemc acids. A slight activity was demonstrated when 
the free acids were replaced by methyl lmoleate or the three glycerides (Table 2) Neither 
fractton was inhibtted by 1 mM cyamde, or by 1 mM p-chloromercuribenzoate The addi- 
tion of 1 mM EDTA interfered with the stimulation of hpoxygenase by calcium ions by 
eliminating any increase in activity 

The two dialyzed fractions from ammonium sulphate precipitation were shown to differ 
markedly m their responses to calcium ions. Activity m the 40 ;<, fraction was signihcantiy 
(p < 0.01) inhibited by calcmm chloride at final concentrations in the reaction mixture of 
075 mM and 1.00 mM, with the greatest amount (33 5’j:,) of inhibition at 1 25 mM. How- 
ever, activity in the 50% fraction was srgmficantly (p < 0 01) stimulated by calcium chlor- 
ide with maximum activation m the presence of 0.50 mM CaCl,. The activity decreased 
until at 1 00 and 1.25 mM it was not sigmficantly different from that observed m the pres- 
ence of 0 25 mM CaCl, or the correspondmg control 

DISCUSSION 

The differential response to calcium ions by the two dialyzed ammonmm sulphate frac- 
tions suggests the presence of two separate hpoxygenases m faba beans This findmg paral- 
lels work on soybeans by Restrepo et ‘~1.~ who also reported two distinct hpoxygenase frac- 
tions differing m their response to calcmm ions In the present study a 507; loss of activity 
was demonstrated followmg dialysis of the 4@~50”<, ammonium sulphate fraction. This 
activity was Increased by an increment of 64’x) on the addition of 050 mM CaCl, but was 
virtually eliminated by the addition of EDTA (1 mM) This indicates that EDTA has a 

higher bmdmg affinity for the Ca’ + in comparison to the hpoxygenase fraction. Dialysis 
of the 3(r4P/; ammonmm sulphate fraction resulted m a 637; increase m activity. This 
activity was inhibited by 33.5’:/, on the addition of 1.25 mM CaCl,. Thus the two hpoxy- 
genase fractions showed markedly differmg responses to calcium ions. 

EXPERIMENTAL 

Source mater& Small faba beans (Vrcra faba L var mrno, cv Ackerperle) were obtained from the Dept of Plant 
Science, Umverslty of Mamtoba The beans were harvested m 1972 and subsequently stored at room temp 

Enzyme preparatwn and assay Llpoxygenase was partially purified from buffered crude extracts of acetone 
powder by pH 5 0 treatment, heat treatment (55” for 10 mm) and ammomum sulphate fractlonatlon The activity 
was determined by followmg substrate oxldatlon at 25’ usmg a bIologIca O2 monitor 3 0 ml of 2 0 mM substrate 
dispersed with 0 028”/, Tween 20 m Trls-maleate buffer, 0 2 M, pH 6 5 was placed m the reactlon chamber, this 
solution mcludmg addltlons m the appropriate experiments The substrate solution was oxygenated at 25” for 
I 25 mm, after which I-50 ~1 of enzyme preparation was added. and oxygen uptake recorded Protem was deter- 
mmed by the method of Lowry c’t u1 * usmg crystallme bovme serum albumm as the standard Control exper- 
lments with bolled enzyme preparations did not exhlblt any actlvlty Substrate solutions were made up fresh 
dally and were stored under N, when not in use 

Enzyme atr~lty ufuts The spectfic activity was calculated as mM O,_ uptake/mm/mg protein At zero time 
all substrate solns were 100% saturated with 0, At 25’, the cone of O1 m d 100”~~ O,-saturated aq soln IS I 26 
mM9 

Srclrrctlcal unalyarr An analysis of variance was carried out to determme \lgmficant differences between the 
levels of CaClz on the activity of hpoxygenase Duncan’s multiple range test ” was used to compare treatment 
means 

8 LOWRY, 0 H, ROSEBROUGH, N J, FARR, A L and RANDALL, R J (1951) J Bd Chm 193,265 
9 YAMAGUCHI, M , HFNDERSON, H M , HWANG, P M and CAMPBELL, J D (1969) Ad Bmchem 32, 178 

” Dl NCAN, D B (1955) Bmwrrrcs 11, 1 
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