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Lipoxygenase of mackerel gill exhibited the highest reactivity toward eicosapentaenoic
acid (EPA) followed by arachidonic acid, linoleic acid. The optimum pH were pH 4.5, 5.0
and 4.8 for EPA, arachidonic acid and linoleic acid, respectively. The enzyme was the most

stable at pH 5.5. Optimum temperature was 25 for all substrate fatty acids. For linoleic

and arachidonic acids the highest thermal stability was observed at 8C: whereas, for
(EPA) at 20T. Optimum ionic strength was 0.22M. Sp**, vitamin E and catechin
completely inhibited the enzyme at the concentration of 1.0mM. Molecular weight of the

enzyme was 42,000 dalton.

Introduction

As fish and seafood products have increaéingly
been acknowledged as wholesome foods, the quality
of these products has been the major issue of ma-
nufacturers as well as consumers. However, high
degree of unsaturation of fish lipids easily causes
the deterioration by oxidation through the unapp-
ropriate handling proccessary and processing. Fish
lipids, in particular, are very unstable upon oxida-
tion and this directly relates to the quality deterio-
ration (McDonald et al., 1979). To retard or mini-
mize the quality deterioration, it would be better
measure to control the initial stage of lipid oxida-
tion. V

Upon harvesting fish damage in tissue will lose
its control over certain enzymes such as lipoxyge-
nase of fish gill and skin (German and Kinsella,
1985, 1986), peroxidase of fish blood (Kanner and
Kinsella, 1983), and microsomal NADH peroxidase
of fish muscle (Slabyj and Hultin, 1984); thereby,
the oxidation may be initiated. Especially lipoxyge-
nase in fish gill and skin reportedly initiate lipid
oxidation of polyunsaturated fatty acids to produce
unstable hydroperoxides (German and Kinsella,
1985, 1986). These hydroperoxides as pontential
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precursors causing off-flavors and adversely affect
taste and smell of fish (Josephson ef al., 1984).

The properties of lipoxygenase draws practical
interest as they play potential role in generating
oxidative off-flavors in fish and seafood products
(Hsieh et al., 1988). To alleviate this problem, lipo-
xygenase (E.C. 1.13.11.12: linoleate: oxygen oxido-
reductase) present in fish should be characterized.

This present study was undertaken to determine
the properties of lipoxygenase in gill of mackerel
to extend the shelf life.

Materials and Methods

Partial purification of lipoxygenase in gill tis-
sue

Samples of gill tissue were carefully excised
from mackerel. In 4 volumes of 0.05M potassium
phosphate buffer (pH 7.4), gill tissue was homoge-
nized and centrifuged at 10,000g and 4 T for 20min.
The supernatant fraction was used as the crude
enzyme source. Ammonium sulfate fractionation
was carried out by 20% increment of saturation.
After addition of ammonium sulfate, sample was
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centrifuged at 10,000g and 4 C for 20min. Precipi-
tate was dissolved with 0.02M sodium acetate buf-
fer (pH 5.5). Fractionation was undertaken succe-
sively. Lipoxygenase (LOX) activity toward linoleic
acid was determined for each fraction.

For second purification stepwise separation using
DEAE-Sepharose was employed. DEAE-Sepharose
(20mL) was suspended with 0.02M sodium acetate
buffer (pH 5.5) and vortexed for 5min followed by
centrifugation at 6,000g and 4T for 10min. Resul-
tant supernatant was decanted and the same buffer
was added. The same procedure was repeated for
10 times to equilibrate ion exchanger. Crude enz-
yme pool (1.0mL) was added to ion exchanger and
mixed well. After 10min centrifugation, 0.02M so-
dium acetate buffer (pH 5.5) containing 0.1M NaCl
was added to the vesin. Employing the same pro-
cedure supernatant was obtained at the increment
of 0.1M NaCl. Each pool was assay for lipoxygenase
activity.

Lipoxygenase assay

The activity of lipoxygenase was determined
spectrophotometrically by the method of Kim and
Lee (1987). Stock solution for substrate was 4.885
mM linoleic acid, arachidonic acid, or eicosapentae-
noic acid (EPA) and working solution was prepa-
red by mixing stock solution (5mL), 0.IM buffer
(50mL), 20% Tween 20, deionized water (44mL).
Working solution (3.0mL) in cuvet was aerated for
3 min and then enzyme (200u€) was added to ini-
tiate the reaction. Increase in absorbance at 234nm
was recorded as a function of reaction time with
double-beam UV/visible spectrophotometer. Enz-
yme activity was calculated from the linear portion
of the recorded kinetic curves. One unit (U) cor-
responed to 0.001 OD unit/min (Kim and Lee,
1987).

Effect of pH

The effect of pH on lipoxygenase activity was
determined by carrying out the assay using 0.1M
sodium acetate buffer (pH 3.8~5.5) and sodium
phosphate buffer (pH 6.0~8.0). The enzyme assay
proceeded using linoleic acid, arachidonic acid, or
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EPA at 25T and analysis of product formation was
performed as stated in lipoxygenase assay. Stability
of lipoxygenase to pH was determined at different
pHs using the buffer solutions described above.
Enzyme(1.0mL) was dissolved in buffer solution
(1.0mL) and incubated at 5C for 20h. Lipoxyge-
nase activity was determined as the above.

Effect of temperature

To determine the optimum reaction temperature,
the same assay method was employed at tempera-
tures from 20 to 40 . Thermal stability was tested
by incubating the enzyme solution at temperatures
from 8 to 60T for 30min followed by lipoxygenase
assay.

Effect of metal ions and inhibitors

The effects of metal ions and inhibitors were
examined by mixing them with enzyme prepara-
tions. The standard assay method was used under
the optimum conditions.

Molecular weight determination

Partially purified lipoxygenase was separated by
HPLC using Protein PAK 125 gel filtration column.
Flow rate and mobile phase were 1.0mL/min and
0.2M Tris buffer (pH 7.5), respectively. Each peak
was assay for lipoxygenase activity and molecular
weight standard was also applied to determine the
molecular weight of lipoxygenase.

Results and Discussion

Partial purification of lipoxygenase

Extreme care was required to separate and pu-
rify lipoxygenase from gill tissue of mackerel be-
cause the enzyme easily inactivated when exposed
to air. Conventional column chromatography could
not be employed due to rapid inactivation of the
enzyme. Thus batch separation using DEAE-Sepha-
rose was followed by ammonium sulfate fractiona-
tion. As shown Table 1, most activity was obtained
from the fraction with saturation of 40~60%. Pre-
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Table 1. Ammonium sulfate fractionation of lipoxyge-
nase in gill tissue of mackerel at 4C

Saturation Activity(U/mg protein)
0~ 20 1.74

20~ 40 2.78

40~ 60 69.79

60~ 80 347
80~100 0.00

cipitate of the above fraction was diluted with 0.02
M sodium acetate buffer(pH 55) and dialyzed
against the same buffer. The dialyzate was used for
further purification. Most enzyme activity was elu-
ted by the same buffer containing 0.4M or 0.5M
NaCl (Table 2). Therefore, both fraction were poo-
led and used for this study.

Table 2. Stepwise separation of lipoxygenase fractions
ammonium sulfate fractionation using 0.02M
sodium acetate buffer(pH 5.5) containing
NaCl of different concentration at 4

NaCl(M) Activity(U/mg protein)
0.1 0.00
0.2 0.00
0.3 0.35
04 26.04
0.5 45.14

Effect of pH on the activity and stability of li-
poxygenase

Mackerel lipoxygenase showed optimum activity
at 4.5, 4.8 and 50 toward EPA, linoleic acid and
arachidonic acid, respectively (Fig. 1). The enzyme
was less sensitive to pH change in linoleic acid
than other substrates. Activity toward linoleic acid
was seldom studied with fish lipoxygenase. Howe-
ver, a similar optimum pH was observed among li-
poxygenase from potato tubers(Kim et al, 1987;
Hong and Song, 1992). Unlike trout gill lipoxyge-
nase the enzyme showed optimum pH of pH 5.0
toward arachidonic acid. In addition activity toward
arachidonic acid was reduced considerably at pH 6.
0 or over and 52.9% of activity was observed at pH
4.0. With EPA the enzyme showed a similar pattern
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but pH was shifted from pH 5.0 to pH 4.5 and over
pH 6.0 any significant activity was not observed.
Considering gill lipoxygenase of rainbow trout sho-
wed optimum pH of pH 7.5 using arachidonic acid,
EPA and docosahexaenoic acid (Heish et al, 1988).
Mackerel gill lipoxygenase definitely had different
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Fig. 1. Effect of pH on the activity of lipoxygenase pu-

rified partially from mackerel gill at 25 C.
(W, linoleic acid; [J, arachidonic acid; +, eico-
sapentaenoic acid)

characteristics. EPA exerted the narrowest range of
pH optimum followed by arachidonic acid and lino-
leic acid. This result implied the possible relation-
ship between the degree of unsaturation and lipox-
ygenase activity.

The enzyme was the most stable at pH 5.5 rega-
rdless of substrate used. In case of linoleic acid
and arachidonic acid, residual activities were 70%
and 63%, respectively. However, only residual
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activity of 27% was observed for EPA (Fig. 1). In
addition activities were completely lost over pH 7.0
for linoleic acid and pH 4.3 and 8.0 for arachidonic
acid. Broad pH stability was observed when using
EPA as a substrate. This result could be utilized
for purification and storage of the enzyme.

Effect of temperature on the activity and stabi-
lity of lipoxygenase

Because of the potential role of lipoxygenase in
causing off-flavors, practical methods to minimize
lipoxygenase activity are of interest. Therefore, the
effects of temperature on lipoxygenase were stu-
died. For all substrates used the optimum tempera-
ture was 25C (Fig. 3). This coincided with the re-
sult of trout gill lipoxygenase using EPA(German
et al, 1986). However, this comparison was not ac-
curately made because of insufficient published
data. Complete inactivation was observed over 35C
for linoleic acid and arachidonic acid. In contrast,
residual activity for EPA was 29% at 40T, indica-
ting double bonds of EPA easily lead oxygenation
by lipoxygenase compared to linoleic acid or ara-
chidonic acid. Lipoxygenase activity was completely
lost by heating at 50C or over for 30min (Fig. 4).
There were 78% of lipoxygenase activity for EPA
and 100% for linoleic acid and arachidonic acid at
8C. The high activity of mackerel lipoxygenase at
near refrigeration condition suggests that the inhi-
bition of fish lipid oxidation may occur rapidly un-
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Fig. 3. Effect of temperature on the activity of lipoxy-
genase purified partially from gill of mackerel.
(M, linoleic acid; [, arachidonic acid; +, eico-
sapentaenoic acid)

der refrigeration. The instability of gill lipoxyge-
nase above 50 C may provide an approach for cont-
rolling enzyme activity and help improve flavor sta-
bility and the quality of fish and sea food products.

Effect of ionic strength on the activity of lipox-
ygenase

The ionic strength of buffer solution often affects
the activity of enzymes. To determine optimum io-
nic strength buffer solution of different concentra-
tions were used for the enzyme assay under opti-
mum pH and temperature (Fig. 5). Regardless of
substrate used, optimum ionic strength was 0.22M
and abrupt decline in activity occurred at 0.50M.
Activity toward EPA, in particular, was lost comple-
tely at 0.97M, providing the importance of ionic st-
rength during enzyme activity measurement. Low
ionic strength did not affect the enzyme activity co-
nsiderably compared to high ionic strength. Ions
around the active site of the enzyme are likely to
provide microenvironment for the catalytic reac-
tions. Furthermore, few researches were carried
out concerning the effect of ionic strength on lipox-
ygenase. This result strongly suggest that study on
ionic strength should be carried out.

Substrate specificity

EPA is abundant in fish lipids; the lipoxy-
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Fig. 4. Thermal stability of lipoxygenase from purified
partially from gill of mackerel.
(M, linoleic acid; (7, arachidonic acid; +, eico-
sapentaenoic acid)
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Fig. 5. Effect of ionic strength on the activity of lipox-

ygenase purified partially from gill of mackerel.
(M, linoteic acid; (J, arachidonic acid; +, eico-
sapentaenoic acid)

genase of mackerel gill exhibited significant selecti-
vity toward substrate types (Fig. 6). The enzyme
showed the highest reactivity toward EPA followed
by arachidonic acid and linoleic aicd. This result
was quite different from trout gill lipoxygenase
which exhibited no selectivity for EPA and arachi-
donic acid (Heish et al, 1988). However, the enz-
yme also showed much less activity toward linoleic
acid. In case of 12-lipoxygenase from rat lung, little
activity was shown toward linoleic acid (Yokoyama
et al, 1983). Therefore, high unsaturation may
enhance the activity of mackerel gill lipoxygenase.
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Fig. 6. Substrate specificity of lipoxygenase purified
partially from gill of mackerel.
(M, linoleic acid; [J, arachidonic acid; +, eico-
sapentaenoic acid)

Effect of metal ions on lipoxygenase activity

The enzyme activity was significantly increased
by the addition of Ca®* and Fe?* for all substrates;
it was completely inhibited by Sn** (Table 3). Ac-
tive site of the enzyme might be considerably affe-
cted by Sn?*. This is similar to human platelet li-
poxygenase (Wallach and Brown, 1981). Fe?* cau-
sed an dramatic increase in lipoxygenase activity
which was apparently due to Fe*"-catalyzed autoxi-
dation. However, Cu?" decreased the activity consi-
derably. Na** did not affect the activity; in con-

Table 3. The effect of metal ions on the activity of lipoxygenase toward different substrates.

Metal ions LA AA EPA

(1.omM) Relative activity(% )
control 100 100 100
Mg** 106 117 109
Ca*™* 137 136 128
Co™" 128 162 143
Mn** 106 122 113
Zn*t 111 100 128
Cu'* o7 74 70
Fe™™ 122 133 120
Nit* 91 112 114
Sn** 9 0 0
Na* 99 98 100
K* 118 121 133

LA ! linoleic acid; AA ' arachidonic acid;

EPA ! eicosapentaenoic acid
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Table 4. The effect of various inhibitors on the activity of lipoxygenase toward different substrates

Inhibitors LA AA EPA

(1.0omM) Relative activity( %)
control 100 100 100
Vitamin E 0 0 0
BHA 90 88 0
BHT 85 85 0
Catechin 0 0 0
Propyl gallate 77 79 0
Vitamin C 60 63 0
EDTA 0 56 78
Phosphatidylcholine 48 50 51

LA  linoleic acid; AA ! arachidonic acid;
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Fig. 7. Effect of catechin and Vitamin E on the partia-
lly purified mackerel gill lipoxygenase activity
toward each substrate.

(M, A, linoleic acid; 01, +, arachidonic acid: +,
[ eicosapentaenoic acid)

strast, K' enhanced the activity considerably to-
ward linoleic acid and arachidonic acid. Moreover,
the type of metal ion present in food could affect
the action of the enzyme significantly.

Effect of various inhibitors on lipoxygenase
activity

Vitamin E and catechin completely inhibited the
enzyme activity for all substrates. EPA was the
most susceptible to the inhibitors. Any significant
activities toward EPA were not observed upon

EPA ! eicosapentaenoic acid

addition of vitamin E, BHA, BHT, catechin, propyl
gallate, vitamin C. EDTA alone was able to inhibit
the activity in substantial amount; however the
amount of inhibition was reduced as the degree of
unsaturation increased. Phosphatidylcholine also

exhibited the inhibition substantially.

Molecular weight determination

Lipoxygenase loses activity quite rapidly upon
separation and purification. To determine the mo-
lecular weight of the enzyme protein PAK 125
HPLC column was employed because the short
elution time would reduced the loss of activity re-
markably. Lipoxygenase activity was measured for
each separation fraction. The resulting lipoxygenase
peak was compared with protein molecular weight
markers and found to be 42,000 daiton. The lipoxy-
genase was very small compared to human platelet
lipoxygenase of 100,000 dalton and 16.000 dalton
(Siegel et al, 1980), reticulocyte lipoxygenase of
78,000 dalton and potato lipoxygenase of 94,000 da-
lton (Lagutina et al, 1990). Molecular weight of
other fish lipoxygenase were not available.

Conclusion

These results demonstrate the potential role of
mackerel gill lipoxygenase in initiating fatty acid
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oxidation in fish tissue. Under postharvest condi-
tions, the release of tissue lipoxygenase from endo-
genous constraints could result in generation of si-
gnificant quantities of reactive lipid hydroperoxides.
In the presence of metal ions such as ferrous, cal-
cium and cobalt ions, hydroperoxides could serve
as potential sources of free radical species (Kanner
ef al, 1987) which in turn further catalyze autoxi-
dation and generate off-flavors. Further these pro-
duct could cause color and quality deterioration in
fish and seafood products (Simic and Karel, 1980).
Proper harvest method avoiding injury, blanching
and control of pH may alleviate the loss of quality.
The efficient measure to keep the high quality,
inhibitors such as vitamin E and catechin could be
applied in appropriate methods.
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