
Ph.vfochemrstry, Vol 28, No 4, pp 1019 1024, 1989 
Prrnted m Great Brltam 

0031~9422/89 $300+000 
Pergamon Press plc 

LIPOXYGENASE ISOENZYMES OF FRENCH BEAN PERICARP: 
SEPARATION, CHARACTERIZATION AND CHLOROPHYLL-BLEACHING 

ACTIVITY 

JAWAD ABBAS, MARIE-AUDE ROUET-MAYER and CHRISTIANE LAURIERE 

Laboratolre de Physlologle des Organes VCgitaux, CNRS, 4 ter route des Gardes, 92190 Meudon, France 

(Recewed VI rewed form 20 September 1988) 

Key Word Index--Phaseolus tulgam; Legummosae, french bean, hpoxygenase Isoenzymes, chromatofocusmg; 

chlorophyll-bleaching 

Abstract-Two hpoxygenase tsoenzymes, La and LB, were partially purified from pericarp of french bean. The two 
isoenzymes differed m PI, M,, apparent K, and lag phase Both could be categorized as type 2 hpoxygenase, based on 
their acidic optimum pH, simultaneous production of carbonyl compounds and hydroperoxides m the presence of 
oxygen, aerobic chlorophyll-bleaching activity and mhtbition by chlorophyll a In the presence of a sufficient amount 
of preformed hydroperoxides, it was posstble to show competitive mhibition of La and L/I by chlorophyll a 

INTRODUCTION RESULTS AND DISCUSSION 

In the presence of molecular oxygen, hpoxygenase (hnole- 
ate=O, oxidoreductase EC 1.13.11.12) catalyses the oxi- 
dation of C,,-unsaturated fatty actds with a crs,crs-1,4 
pentadtene group to give hydroperoxides as primary 
products. In the course of the reaction oxodienotc acids, 
absorbing at 285 nm [l], may, depending on the reaction 
conditions and the lipoxygenase type, be formed. Ltpoxy- 
genase isoenzymes are categorized as type 1 or type 2 
depending on their pH optimum and product specificity 
The type 1 hpoxygenase has optimum activity around 
pH 9 while the type 2 lipoxygenase 1s generally con- 
sidered to have a more acidic pH optimum (pH 5-7) [2] 
It has been demonstrated that anaerobic conditions are 
required for the secondary production of oxodienoic 
acids catalysed by some hpoxygenases such as soybean 
Ll [l, 31 and lipoxygenase b from seeds of bush beans [4] 
whereas oxygen 1s required for their production by 
soybean type 2 hpoxygenases [S] and hpoxygenase a 
from bush beans [4]. 

Detection of llpoxygenase actwrty VI gel 

After PAGE, hpoxygenase activity was detected by two 
methods In the first, the method of Verhue and Francke 
[ 133 used for soya hpoxygenase was modified to allow the 
identification of french bean hpoxygenases after pore 
gradient electrophorests It was found that ethanol and 
the dye o-diamsidme are both mhibitors of french bean 
hpoxygenases The poor solubihty of hnoleic acrd below 
pH 9 is well known In the modified method, the ethanol 
concentration was reduced, the hnoleic acid concen- 
tration was increased in order to be close to saturation 
and o-diamsidme was added after premcubation with the 
substrate Under these condrtions, the orange colour 
appeared after about 48 hr The second method (slicing of 
the gels into 5 mm segments and enzyme assay of each 
segment) was successful for isoelectrtc focusmg and pore 
gradient electrophorests gels 

Changes m pigments and colour during the storage of 
frozen unblanched vegetables have been associated with 
the oxidation of unsaturated fatty acids Reports have 
implicated lipoxygenase m the bleaching of plant car- 
otenoids and chlorophylls during fatty acid oxidation 
[2,6-l 11. However, lipoxygenase isoenzymes differ in 
their co-oxidation activity. Thus, the carotene oxtdase 
activity of soybean is associated with the type 2 hpoxy- 
genases only [2, 121. 

Parhal purrjicat~on of the ltpoxygenase tsoforms 

The aim of this study was to Isolate and characterize 
lipoxygenase constituents m french bean pertcarp in 
order to compare then eventual chlorophyll-bleaching 
activity. Lipoxygenase isoforms were characterized by 
pH optima, K,, carbonyl forming ability, rsoelectric 
point and M,. 

Two hpoxygenase tsoforms were separated from french 
bean pertcarps by chromatofocusmg after ammomum 
sulphate fractionation and dialysis The elution profile on 
chromatofocusmg is shown m Fig 1 Two forms of 
lipoxygenase were eluted successively from the column, 
La (average elution pH of 6 6) and Lb (average elutton pH 
of 5.4) The absorbance profile at 280 nm mdtcates that 
two major peaks of protein without enzyme activity are 
removed during this step. The results of the partial 
purification are summarized in Table 1 The better purifi- 
cation factor obtained for La (31-fold) m comparison to 
Lb (9-fold) was confirmed by isoelectric focusmg (Fig. 2). 
Four bands are visible under these condrtrons for Lr and 
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Fig 1 Separation of french bean hpoxygenase lsoenzymes on a 

chromatofocusmg column (60 x 1 2 cm) Flow rate was regulated 

to 22 ml/hr and 3 ml fractions were collected ---, Prokln 

absorbance at 28Onm. t -+, hpoxygenase actlvlty meabured 
by polarography at pH 6 35 with 1 33 mM hnolelc acid and 30 ~1 

of each fraction m 3 9 ml total volume. A A,pH 

It IS very hkely that at least the main band (arrow, pl 7 3) 
and probably the mmor band above corresponds to 
hpoxygenase For Lb, the most basic constituent (arrow, 
pl 6.6) IS hpoxygenase, but several bands wlthout detect- 
able enzymatic actlvlty are visible on the diagram As 
with most of the hpoxygenases characterized m plants 
[14], the enzyme of french bean perlcarps appears to be 
polymorphic The major form, LX. which can be constl- 
tuted of two tsoforms, seems nearly pure but the mmor 
enzyme, L/I IS contammated by several protems 

Propcrtws of Lr ml L/I 

M, determinations m denaturatmg (SDS-PAGE) and 
native (pore-gradient electrophoresls) condltlons were 
compared The results of pore gradlent electrophoresls 
after protein stammg are shown m Fig. 3. After shcmg of 
the gels, enzyme actlvlty was detected m 3 and 2 con- 
secutive segments for La and Lfl respectively (Fig 3). 
suggesting the presence of more than one constituent, at 
least for Lr By o-dtamsldme starnmg, 2 bands (arrows) 
were detected for Lr (M, 290 000 and 240 000) and 1 band 

Table 1 Partial purlficatton of hpoxygenases Lz and L/I (hpoxygenase dctlvlty wds measured by 

spectrophotometry at 234 nm) 

Step 

Total Totdl 

protem dCtlVlty 

(mg) (units) 

Specific Purlficdtlon 

actlvlty Yield relative to 

(unlta/mg) (%) crude enzyme 

Crude extract 2160 381 0 176 I 00 I 
2G55% (NH&SOQ 247 1904 0771 50 43 

Chromatofocusrng 

pooled fractions 

LX (nob 37 49) 509 218 5 47 72 31 

L/j (nos 90 99) 721 II 4 I 58 3 9 

100 100 
vmol 02 min-l pm01 02 min-l 

Fig 2 Isoelectric focusmg (pH 3-10) of crude extract (E) and of Lee and Lb fractions obtamed after chromato- 

focusmg The pooled fractions were concentrated 7 5- and 8 5-fold for La and L/I respectively After electro- 
phoresls, part of the gel was stamed with Serva Violet 49 (electrophoregrama) For Lr and L/?, the other part of the 

gel was shced mto segments, from the sample apphcatlon, and assayed for enzyme dctlvlty by polarography (curves) 

White arrows’ samples apphcatlons PosItIons of stamed rsoelectrlc pomts markers (BDH) are mdlcdted on the left 

of the figure 
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Ftg 3 Gradtent pore electrophorests (430% acrylamrde) of La and L/I fractions obtamed after chromato- 

focusmg The pooled fracttons were concentrated 9- and 8 5-fold for LI and Lb respectrvely After electrophorests, 

part of the gel was stamed wrth Coomasste Brrlhant Blue R-250 (electrophoregrams) The other part of the gel was 

shoed mto segments and assayed for enzyme actrvtty by polarography (curves) Posittons of M, markers (htgh M, 
cahbratlon krt from Pharmacta) are mdtcated on the left of each dtagram 

La MW_ LP 
(x io-3 

- 94 - 
* 

- 61 - 
‘_ 

‘-<? 

Ftg 4 SDS-PAGE of La and Lb fractions obtamed after 

chromatofocusmg The pooled fractions were TCA precrpttated 

and 12 pg of proteins were apphed on each lane Posttrons of M, 

markers (low M, cahbratton kit from Pharmacta) IS mdtcated on 

the mtddle of the figure 

(arrow) m the case of L/I (M, 160000) By SDS-PAGE in 
reducing condttions (Fig. 4), all the M,s of constituents 
detected were below 90000. The M, of the main band 
vtstble for Lx, which IS likely to correspond to hpoxy- 
genase, was 85000. However, a similar band was not 
observed for LB (the A4, of the two bands visible in this 
part of the gel were 89 000 and 80000 respectively). 
Together, these results suggested an oligomeric structure 
from different polypeptide chams for LLY and L/r’ How- 
ever, an VI vitro aggregatton of the enzyme cannot be 
excluded and more studies are necessary to confirm the 
structure suggested here for french bean pericarp en- 
zymes. The high M,s observed for La and L/3 are quite 
unusual Most of the M,s of plant lipoxygenases fall 

Lineweaver-Burk plot. Apparent K, (lmoleic acid) val- 
ues of 0.3 mM and 1.9 mM were obtained for La and LB 
respecttvely when acttvrties were measured between 
005 mM and 1 mM hnoleic acid in au saturated soiu- 
trons at pH 6.3. It 1s noteworthy that K, values differ 
markedly according to the substrate concentration range 
chosen. For example, K, (hnoleic acid) values of 2 74 and 
4 27 mM were determmed respectively for La and Lb 
when the substrate concentrattons were between 0.2 and 
10 mM (Hanes method). Similar discrepancies between 
the K, values determmed by dtfferent authors for soy- 
bean lipoxygenase 1 have been noted [19] and are 
probably due to the poor solubihzatron of hnoleic acid at 
htgh concentrations [23]. 

Hydroperoxtde formatron (A,,,) and carbonyl com- 
pound production (A,,,) with time were compared for Lcr 
and LB in conditions giving a similar rate of oxygen 
consumptton (Fig. 5). Hydroperoxtde and carbonyl com- 
pound formation began simultaneously in both cases. 
When oxygen 1s depleted, hydroperoxide formation stops 
and carbonyl compound production continues slowly. 
Thus, Lor and Lip can be both categorized as type 2 hke 
most plant hpoxygenases, according to their acidic pH 
opttma and then abthty to produce smiultaneously hy- 
droperoxide and carbonyl compounds when oxygen is 
present. The inability to produce carbonyl compounds 
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Fig 5 FormatIon of hydroperoxlde (A,,,) and carbonyl prod- 

ucts (A,,,) from imielc ad catdlysed by hpoxygenases Lee and 

Lp m a closed system The reactlon mixtures were air-saturated 

at 25’ and contamed I 62 mM hnolelc dC]d dnd 0 1 M 
-- 

phosphate-citrate butfer, pH 6 3, For the same rate ofoxygen 

uptake measured by polarography, 60 @I of La and 200 ~1 of LB 
were added m the reactlon mixture (3 920 ml) Hydroperoxlde 

formatIon was measured at 234 nm m a I mm wide cuvette, A,,, 

must be multlphed by 10 

0 5 10 15 

Time (mln) 

Fig 6 Progress curves for oxygen uptake dunng 2 mM hnolelc 

acid oxldatlon catalysed by french bean hpoxygenases La and 

LB Fresh hnolelc acid soln contammg 005 mM of hydroper- 

oxIdes (curves a) and oxldlzed lmolelc acid soln contammg 

0 2 mM of hydroperoxldes (curves b) were used The reactIon 

was mltlated with 30 ~1 of LX or 180 ~1 of L/j m 3 9 ml reactlon 

mixture pH 6 35 

until depletton of the dissolved 0, has been reported only 
for hpoxygenases isolated from seeds, like pea [24], 
soybean [l], bush bean [4] and broad bean [25] 

Differences between La and LB were observed by 
comparing the hpoxygenase reactlon progress curves m 
RJ~?UXJ_ tn the QXU&KXI. of. !inole?c. actc!d. !&+. 6). !&MI. 
fresh hnolelc acid solution (2 5% of lmolelc acid con- 
verted mto hydroperoxldes), L,0 had a lag period (Fig 6, 
curve a) while with La the mltlal velocity can be obtamed 
lmmedlately after the addition of the enzyme to the 
reaction mixture (Fig 6, curve a) When oxidized lmolelc 
acid solution (10% of linolelc acid converted mto hydro- 
peroxides) was used as substrate, no lag period appears 
for L/I and the mltlal velocity IS speeded up for La (curves 
b. Fig. 6) Lag phases suppressible by addmg hydroper- 

oxldes have already been observed [26-281 From this 
activation of the enzyme by its own product, Smith and 
Lands [29] and Garssen [26] concluded that the enzyme 
has a product bmdmg site This site would be a regulator 
site on which the product or the substrate would bmd 
[30] Our results show that hydroperoxldes requirement 
to remove the lag period differ markedly accordmg to the 
isoenzymes and IS one of Its enzymatic properttes 

Chlorophyll a bleachtng und eflects of pigment 

concentration on holeate oxrdatwn 

in the presence of oxygen, hpoxygenases LX and L/I are 
good chlorophyll bleachers and have very weak anaer- 
ob~c actlvlty (Table 2) resembling m this respect soybean 
type 2 lsoenzyme [5] For both LZ and LB, the bleaching 
activity was stimulated by hydroperoxldes present m 
oxidized hnoietc acid soiutlon (fig 7) An Increased 
bleaching was also observed [SJ when hydroperoxldes 
were produced by mcubatmg soybean type 2 lipoxygen- 
ase with lmolelc acid before adding the chlorophyll a The 
same result was observed for co-oxldatlon of canthaxan- 
thme [31] which was stimulated by addltlon of hydroper- 
oxides These findings show that hydroperoxldes act 
indirectly on pigment bleaching by actlvatlon of the 
lipoxygenase 1313 

Chlorophyll a strongly mhlblted the oxldatlve actrvlty 
of La and LB on linolelc acid However, a Dixon plot of 
the effects of chlorophyll on the reactlon do not allow the 
determmatlon of the mhlbitlon type when fresh hnolelc 
acid solution IS used (data not shown) Dlscontmuous 
hnes were observed, for La and Lp. as reported by Cohen 
et a/ [S] for soybean hpoxygenase-2, suggesting an 
addItiona mhlbltory effect for weak hpoxygenase actlv- 
Ities. When Lee and Lb were markedly Inhibited (high 
chlorophyll a concentration) long lag phases appear after 
which full actlvlty cannot be measured This observation 
IS probably related to the ‘self-catalysed destruction’ of 
the enzyme noted by Smith and Lands [32] and Cook 
and Lands [33] A typical Dixon plot was obtained with 
oxidized lmoleic acid solution (Fig 8) showing clearly the 
competltlve mhibltlon of La (K, = 1 75 pmol) and L/I (K, 
=0 76 pmol) by chlorophyll a This result indicated the 
need to provide a sufficient amount of preformed hydro- 
peroxides If significant enzymatic actlvtty IS to be meas- 
ured m the presence of an mhlbltor 

Table 2 Chlorophyll a bleachmg by hpoxygenases La and 

L/I under derobK and dnderoblc condltlons 

Chlorophyll a bleachmg 

(AA,,” ,‘lO mm) 
_~ ~~~ ~~~ 

Imtlal Ahbs =0210 Aerobic (air) AnaerobIc (N,) 
--__ 

La 0162 0028 

LB 0127 0 025 
~- 

Concentrations m the reactlon mixture were 133 mM 

hnoleate, 0 037% Tween 80 m 0 1 M Phosphate-citrate buf- 

fer, pH 6 35 The reactIon wds started by addmon of 300 /rl 
enzyme m 30 ml total volume 
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Time (mln) 

0 . I 1 I I 

0 5 15 

TinZ (mln) 
20 

FIN. 7 Bleaching of chlorophyll a by hpoxygenases La and L/l 

in a closed system at pH 6 3.5 Reactlon mixture contained 

4 5 pmol chlorophyll a/ml, and 30 ~1 of LU or 120 ~1 of LB m 

3.9 ml total vol o---o, fresh soln of 2 mM lmolelc acid, 

o-o, oxldlzed soln of 2 mM lmolelc acid 

CONCLUSION 

The results presented here are a first characterization of 
lipoxygenase isoenzymes in french bean pertcarp Two 
enzymes or enzyme groups were separated, dttfering by 
several properties. Both enzymes are good chlorophyll 
bleachers m the presence of oxygen and can be cat- 
egorized as type 2 hpoxygenase. No type 1 hpoxygenase 
could be demonstrated in french bean pericarp, m con- 
trast to the identification of type 1 and type 2 enzymes in 
bush bean seeds [4]. It 1s tempting to speculate that type 1 
hpoxygenase 1s specifically present m seeds The con- 
firmation of this specifictty would be an mterestmg point 
in the understanding of the physiological role of hpoxyg- 
enases in plants. 

EXPERIMENTAL 

Mafemls. French beans (Ph4seolus u14lg4r1s L., cv rugalhse) 

were harvested from C N R A, Versailles (France). The pod had 

a 13% dry matter and a seed/pod ratio of 21% After harvest the 

beans were frozen and stored at -65” 

Extraction and separation of the hpoxygenase zsoforms. Seeds 

and pertcarps were separated before total thawing Perlcarps 

(190 g) were lmmedlately ground m hquld N, for 5 mm The 

powder was homogenized with 0 1 M phosphate<:ltrate buffer, 

pH 7.2 (1 1, w/v), x 3 for 1 mm, then extracted for 30 mm with 

stirring The slurry was passed through two layers of cheesecloth 
and the resultmg filtrate centrifuged at 35 000 y for 30 mm The 

PHYTO 28:4-E 

Chlorophyll a (pmol) 

Fig 8 Dixon plots of hpoxygenase activity of La and Lb 

in presence of ddTerent concentrations of chlorophyll a. 

o-o, 2 mM hnolelc acid, A---A, 10 mM lrnolelc acid LI- 

poxygenase activity was measured by polarography at pH 6 35 

supernatant was fractionated by (NH&SO, pptn between 20 
and 55% satn at 0” The pellet which sedlmented at 15000 g for 

10 mm was resuspended m 14 ml Imldazole-HCI buffer (25 mM, 

pH 7) The soln was dlalysed for 24 hr agamst 1 1 of 25 mM 

Imldazole-HCI buffer, pH 7, with three changes of buffer In- 

soluble matenal remammg after dialysis was removed by cen- 

trlfugation. 

Chromatofocusmg was carried out at 4” on a co!umn of 
Polybuffer exchanger 94 (1,2 x 60 cm, Pharmacla) equlhbrated 

with 25 mM Imldazole-HCI buffer, pH 7, using a flow rate of 

22 ml/hr After apphcatlon of the sample (247 mg protein m 

13 ml) the column was eluted with Polybuffer 74 (1 10 ddutlon, 

pH 4, Pharmacla) and 3 ml fractions were collected Fractions 

correspondmg to each actlvlty peak were pooled separately and 

stored at -20” They were coned by TCA pptn before SDS- 

PAGE or by centrlfugatlon under vacuum before isoelectric 

focusmg and pore gradient electrophoresis 

Electrophoretrc methods and llpoxygenase detection SDS- 

PAGE was carried out accordmg to ref. 1341 in 15% acrylamlde 

gels Isoelectric focusmg was performed accordmg to the con- 

dltlons described earher [35]. Polyacrylamlde gradlent gels 

(PAA 4/30 from Pharmacla) were used as recommended by the 

manufacturer except for the omlsslon of EDTA from the electro- 

phoresls buffer Llpoxygenase activity was detected by a modlfi- 
cation of the Verhue and Francke method [13] The moddi- 

cation involved a 30 mm mcubatlon of the gel m air-saturated 

substrate soln (25 mM lmolelc acid containing 0.7% Tween 20 m 

phosphate-citrate buffer, pH 6 35) with agltatlon. Then the dye 

was added (0 025% 3,3’-dlmethoxybcnzldme hydrochloride and 

2 5% EtOH) The orange hydroperoxlde bands which developed 

slowly (ca 48 hr) were stable to storage 
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SuhstrEtrate emul.s~n_ Lmoh ami srhxk soln was pJ-epased 

usmg a modlficatlon of the method of ref 1361 The substrate 

emulsion contammg 35 6 mM hnolelc acid and 1 vol % Tween 
20 was stored under N, at 4” m the dark for not longer than 

3 days 

Assay oJ ltpoxyyenase actrvlty Actlvlty was determmed 
polarographlcally at 25” with a Clark 0, electrode Concns of 

hnobu: a& were a.. m&cated III tbbe figJXp_ Ip.q!ldX T_mXbat!cm 

mixtures contained hnolelc acid m 0 1 M phosphate-citrate 

buffer, pH 6 35, and were air saturated at 25’ The reaction was 
initiated by ad&Ion of the enzyme Enzyme activities were 

expressed m pmol 0, uptake/mm Llpoxygenase activity was 

also measured by spectrophotometry at 234 nm under the same 

condltlons A unit of hpoxygenase activity was defined as an 

increase m absorbance at 234 nm of 1 umt/mm 

Llpoxygenase actlvlty m shces of gel was measured by polaro- 
graphy After electrophoresls, 5 mm segments of gel were Immer- 

sed and crushed m 0 2 ml of phosphate-citrate buffer, pH 6 35, 
and this mixture was added to 1 33 mMhno&a& pH6 35,m 

the reaction vessel 

Other methods The chlorophyll a soln was prepared by the 
method of ref [24] Protem concentrations were determined by 

a Coomassle Brilliant Blue G250 bmdmg assay [37] Oxldlzed 

hnolelc acid soln was obtained after 8 days at +4” Hydroperox- 

lde concentrations were determmed by measuring A,,, nm with 
1 mM hnolelc acid soln and using t,,,=25000 [38]. Anaerobic 

conditions were obtained by permanent saturation of the reac- 

tion mixture with N, Samples were directly taken by means of a 

clrculatmg cuvette (Spectrophotometer Spectromc 2COO Bausch 

et Lomb) for measurement of AZ34r A,,, and AbeI, Aerobic 

condltlons were obtamed by air-saturating the solns before 

addltlon of the enzyme and the cuvette was closed 

Ack.s~wl~ge~mexts We w:sh :o :h*nk Dr J Damsant for 
helpful discusslons, Mr D Lecommandeur for advice concerning 

chromatofocusmg experiments and MISS C Mayer for per- 
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