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Abstract-Isoenzyme lipoxygenase-2 from soybean was isolated by affinity chromatography. Gel elec- 
trophoresis showed it to be a single protein. Its pH optimum of 6.5, range of 5.&&O and activity which increased 
when Ca” was added identified the isolated enzyme as lipoxygenase-2. 

INTRODUCTION 

Lipoxygenase (EC 1.13.1.13) catalyses the oxidation 
by molecular oxygen of methylene interrupted cis, 
cis-pentadienes. Several conventional and non-con- 
ventional methods for the isolation of this enzyme 
from a variety of plant and animal tissues have been 
described [l-S]. The existence of different isoen- 
zymes of lipoxygenase was revealed by several of 
these studies [l]. Christopher et al. [6] isolated and 
purified two isoenzymes which they named lipoxy- 
genase-1 and -2. Lipoxygenase-1. which they 
characterized, exhibits a pH optimum of 9.0 and 
lipoxygenase-2 an optimum of 6.5. 

Allen et al. [7] succeeded in purifying lipoxygenase 
by affinity chromatography. We have previously 
described an affinity chromatography procedure for 
the purification of soybean lidoxygenases after pre- 
liminary ion exchange chromatography [8]. In this 
study, a rapid affinity chromatography procedure for 
the purification of soybean lipoxygenase-2 is des- 
cribed. 

RESULTS AND DISCUSSION 

A typical chromatographic elution of the soybean 
preparation on a linoleyl aminoethyl Sepharose column 
is presented in Fig. 1. Lipoxygenase activity appeared 
in two peaks. The first one (A) was eluted with 50 mM 
NaOAc buffer and the second one (B) with 200mM 
of the same. buffer. The specific activity of peak B, 
based on diene formation from linoleate, was 
significantly higher than that of peak A. Similar data 
were obtained when linoleate oxidation was followed 
polarographically. The specific activities found for 
peaks A and B at pH 6.5 were 37.5 and 84.3 ~1 02 
absorbed/mg protein, respectively. The overall 
purification from the starting preparation was 5.0-fold 
for peak A and ll.Zfold for peak B. When the 
activity of peak B was measured at pH 9.0, the 
specific activity found was 202.3 ~1 O2 absorbed/mg 

*In partial fulfilment of a thesis for the M.Sc. degree, 1980. 

protein and the overall purification obtained was 26.9. 
Figure 2 shows the electrophoretic patterns in 

polyacrylamide gel after affinity chromatography. It 
can be seen that while peak B (200 mM) contained at 
least 2-3 proteins, peak A (50 mM) had only one band 
and is assumed to be a single protein. 

Since peak A was found to be homogeneous it was 
further characterized and identified as lipoxygenase-2 
based on its pH optimum, substrate specificity and 
calcium activation. This purified isoenzyme exhibited 
a pH optimum of 6.5 both on linoleate and methyl 
linoleate as substrates with an activity range from 5.0 
to 8.0 while peak B exhibited a pH optimum about 9.0 
on linoleate with a range from 4.5 to 10.0. Throughout 
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Fig. 1. Affinity chromatography elution pattern of soybean 
lipoxygenase. Legend: A, A at 280nm: 0, enzyme activity 
as measured by A at 234 nm of the product. Elutent: acetate 

buffer, pH 5.0. 
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Fig. 2. Electrophoretic diagram of the eluate from affinity 
chromatography. The electrophoresis was on 10% poly- 
acrylamide gel in 4 mM Tris-glycine buffer, pH 8.9. Staining 
was with Coomassie blue. l-10 ~10.05 M eluate (isoenzyme 
2). 2-10 ~1 0.2 M eluate (isoenzyme 1). 3-20 ~1 0.05 M 
eluate (isoenzyme 2). 620 ~1 0.2 M eluate (isoenzyme 1). 

the whole range, peak B was more act- 
ive towards linoleic acid than was lipoxygenase-2 
(peak A). However, when methyl linoleate was used, 
the purified isoenzyme (lipoxygenase-2) proved to be 
more active than peak B throughout the same range. 
The specific activity of lipoxygenase-2 on methyl 
linoleate was about 1.7-fold higher than on linoleic 
acid. These data are in agreement with the properties 
of soybean lipoxygenase-2 described in the literature 
as to the substrate specificity and pH profile of this 
isoenzyme [6, 91. 

It is now well established in the literature that 
linoleate oxidation by lipoxygenase-2 is activated by 
calcium ions [lo]. In the present study we found that 
linoleate oxidation by the purified lipoxygenase-2 was 
increased by 208% when Ca’+ was added in a con- 
centration of 3 mM and by 416% when the concen- 
tration of Ca*’ was elevated up to 5 mM Ca’+. When 
methyl linoleate was the substrate, or when Tween 20 
was used in preparing the substrate, no Ca*+ effect 
was noted; similarly no calcium effect was noted for 
peak B. The K,,, of this lipoxygenase-2 on linoleic 
acid at pH 6.5 was 5.5 x 1O-4 M. 

The affinity procedure described here for the isola- 
tion of soybean lipoxygenase-2 is fairly rapid and 
simple when compared to the procedures described in 
the literature for the isolation of this isoenzyme [l]. 

An attempt to purify this isoenzyme by affinity 
chromatography under different conditions has been 
reported by Allen et al. [7], but whereas this group 
succeeded in purifying lipoxygenase-1, the results 
obtained with lipoxygenase-2 were unsatisfactory. 

In this study, it was shown again that a linoleyl 
aminoethyl Sepharose column reveals high affinity 
toward lipoxygenases at pH 5.0 in low ionic strength 
medium. Moreover, there is an outstanding difference 
between the extent of affinity of lipoxygenase-1 and 
-2. Based on its low affinity to linoleic acid under the 
condition described, it is possible to elute most of this 
isoenzyme by 50mM NaOAc buffer at 5.0. Due to 
their low K,,, on linoleic acid, the other isoenzymes 
remain bound to the substrate. The method described 
here can be easily used for an intensive study of 
lipoxygenase-2. 

EXPERIMENTAL 

Actiuify determination. Determination of lipoxygenase 
activity by use of an oxygen monitor was according to 
Grossman et al. [ll]. The spectrophotometric determination 
of the product at 234nm was according to Ben-Aziz et al. 
[121. 

Protein determination of the fractions isolated was ac- 
cording to Lowry et al. [13] or by absorption at 280 nm. 

Homogenate preparation. Phosphate buffer pH 6.5 
(0.005 M, 50 ml) was added to 10 g ground soybeans. The 
suspension was mixed with the aid of a magnetic stirrer for 
30 min at 4” and then centrifuged at 30000 g for 10 min. The 
clear supernatant was brought to pH 4.5 with 1 N HCI and 
the precipitated proteins were separated by centrifuging at 
30 OOOg for 10 min. The pH of the supernatant was then 
brought to 5.5 with 1 N NaOH and dialysed against hourly 
changes of 5 mM acetate buffer, pH 5.0, for 5 hr at 4”, the 
mixing being done with a magnetic stirrer. No precipitates 
appeared. The resulting clear dialysate was further purified 
by affinity chromatography as described below. 

Afinity chromatography. Linoleyl aminoethyl Sepharose 
(25 x60mm) equilibrated with 5 mM NaOAc buffer, pH 
5.0, at 4”. After 20 min of incubation the column was washed 
with the equilibrating buffer. Peak A (lipoxygenase 2) eluted. 
Peak B eluted with 200 mM acetate at pH 5.0. 

Elecfrophoresis. Electrophoresis was on 10% polyacryl- 
amide gel according to Davis [14] on the apparatus perfected 
by Avtalion [15]. The run was in 4 mM Tris-glycine buffer 
pH 8.9 at 100 V and 50 mA. Bromophenol blue dissolved in 
glycerin served as marker. The run took 4.5 hr at room temp. 
Staining was with Coomassie blue. 
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