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Characterization of Lipid Prooxidants in Sardine Skin
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Lipid prooxidants in sardine skin was characterized. Prooxidants in the sardine skin

extract with 0.05M phosphate buffer was purified by successive chromatography on
Sephadex G-200, DEAE-Sephadex A-50 and CM-Sephadex A-50. Prooxidants of sardine
skin exist mainly in the intermediate molecular weight fractions. Observations of the

thermounstability and optimum pH(pH 7.0) suggest that the major prooxidants are

enzymes and hemoproteins. They can oxidize well both free and esterified linoleic acid and

form conjugated hydroperoxides. From these results, the major prooxidants in sardine skin

are assumed to be lipoxygenase-like enzymes.

Introduction

Lipid oxidation in marine foods is much more
serious than in any other food, because fish con-
tains specifically abundant of polyunsaturated fatty
acids such as eicosapentaenoate(EPA) and docosa-
hexaenoate(DHA). Oxidation of polyunsaturated
fatty acids can proceed autocatalytically, but the
reaction may also be catalyzed by transit metals
and hemoproteins. Hydrolytic enzymes like lipase
and phospholipase can also accelerate oxidation,
because free fatty acids are known to be more la-
bile to oxidation than esterified ones. Lipid oxida-
tion in marine foods containing these catalytiE com-
pounds is suggested to be initiated by these enzy-
matic and nonenzymatic reactions(Hardy, 19/\80).

We have previously suggested the occurrence of
strong prooxidants in sardine skin, because the
oxidation of ethyl EPA proceeded most raptdly in
skin in dry model systems(Cho et al, 1989a, 1989
b). Furthermore, prooxidants in sardine skin might
be some enzymes, because they were labile to
cook. The preferential oxidation of skin lipids in
both lean and fatty fish has been recognized by
many investigators(Toyomizu ef al, 1980; Ke and
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Ackman, 1977; Yamaguchi et al, 1984). Reports by
Tsukuda and co-workers(Tsukuda and Amano, 19
67, 1968; Tsukuda, 1970a, 1970b) provided a defi-
nitive evidence for the involvement of enzyme(s)
in the oxidative deterioration of fish skin lipids by
showing that fading or discoloration of carotenoid
pigments in the skin of red fishes could be delayed
by introducing a variety of enzyme inhibitors to
skin extracts. Also, the involvement of lipoxygenase
in the initiation of lipid oxidation in fish skin tissue
extracts containing high heme concentrations has
been recently reported(Yamaguchi and Toyomizu,
1984; German and Kinsella, 1985, 1986). However,
all these papers suggesting the involvement of
some enzymes, tentatively lipoxygenase, in lipid
oxidation of fish skin, used a crude extracts from
fish skin as the enzyme preparation. Therefore, so
far it is still obscure whether lipoxygenase really
exists in fish skin or not.

In the present studies, to characterize the pro-
oxidants existing in sardine skin, it was extracted
with several buffers with different ionic strength,
and the prooxidant activity of each extract and frac-
tion by various column chromatography were eva-
luated.
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Materials and Methods

Preparation of Acetone Powder

Skin, ordinary and dark muscles were excised
from fresh sardine Sardinops melanosticta purcha-
sed from a fish market of Sendai, Japan. Each tis-
sues was homogenized with an equivalent volume
of deionized water and then centrifuged at 0T by
10,000 rpm for 15 min. The upper lipid layer was
successively extracted with 3 times volume of cold
acetone and ethyl ether. The resulting precipitate
was airblast-dried at 5C.

Preparation of Crude Enzyme Extracts from Skin
of Sardine

Skin was removed from fresh sardine and homo-
genized with 3 times volume of deionized water at
5. The homogenate was centrifuged at 0T, by 10,
000 rpm for 15 min. The supernatant was filtered
under a reduced pressure through a Toyo No. 2
filter paper and used for the subsequent ex-
periments. On the other hand, the precipitate was
further extracted stepwise with 0.05, 0.2 and 0.5M
sodium phosphate buffer at pH 7.0, and then each
extract was treated similarly with the supernatant
of deionized water-extraction as described above.
All steps of preparation was performed at 5C ex-
cept where otherwise noted.

Gel Fiiteration and lon Exchange Column Chro-
matography of Sardine Skin Extracts

The extract from sardine skin was fractionated
by gel exclusion chromatography on a Sephadex
column. An aliquots of the extract was loaded on
a Sephadex G-200 column(2.5X90cm) and eluted
with 0.05M phosphate buffer(pH 7.0) at 17mi/h.
Fractions of 5m! were collected with the aid of a
fraction collector. Alternative fractions were assa-
yed for prooxidant activity, protein and heme con-
tents. The prooxidant fractions were poured into
cellophane tubes and concentrated with polyethy-
lene glycol.

The concentrated Sephadex G-200 pooled frac-
tion was loaded on a DEAE-Sephadex A-50 column
(1.2X20cm) previously equilibrated with 0.01M so-
dium phosphate buffer(pH 7.0) and eluted with the

same buffer(90m!). Then, the column was eluted
with a linear gradient solution consisting of 0.01M
phosphate buffer(pH 7.0) and 1M NaCl containing

"0.01M phosphate buffer(pH 7.0). Elutions were
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achieved by gravitational flow at a rate of 20mi/h
and fractions of 3ml each were collected. Three
prooxidant fractions corresponding to three sepa-
rate peaks were pooled, concentrated and dialyzed
against 0.01M phosphate buffer(pH 7.0). The major
fraction(G-11-1) was applied to a cation-exchange
CM-Sephadex A-50 column(1.2X20cm) previously
equilibrated with 0.01M sodium phosphate buffer
(pH 6.5). The column was eluted with 90m! of the
same buffer. Then the column was eluted with an
increasing linear gradient solution consisting of 0.01
M phosphate buffer(pH 6.5) and 1M NaCl contai-
ning 0.01M phosphate buffer(pH 6.5). The elution
method was similar to that for the DEAE-Sephadex
A-50 column chromatography. All three columns
chromatography were performed at 5C.

Determination of Prooxidant Activity

Linoleic(Lo) and eicosapentaenoic(EPA) acids
were used as the substrate. The substrate solution
with a concentration of 50mM Lo or 2.5~10mM
EPA was prepared by the method of Surrey(1964)
using 1.2% (w/v) Tween 20 as an emulsifier. Each
reaction mixture consisted of 0.5m/ of substrate so-
lution, 0.5m! of enzyme preparation and 4.0m! of 0.
2M sodium phosphate buffer(pH 6/7). The reaction
mixture was incubated at 25C with constant sha-
king. The prooxidant activity was determined by
oxygen absorption method or measurement of con-
jugated diene formation rate. The oxygen absorp-
tion was determined by gas chromatography with
a thermoconductivity detector as described pre-
viously(Cho et al, 1987), and the activity was exp-
ressed as oxygen content consumed per min at 25
1. g—l
hand, the conjugated diene formation rate was

Clomol -min~ or mmol/ml). On the other
measured as follows: After incubation for an appro-
priate time(20~60min), 0.5m! of the reaction mix-
ture was withdrawn and diluted with 4.5m/ of 60%
ethanol. Absorbance at 234nm of the resultant clear
alcoholic solution was read against the control pre-
pared at zero time of incubation. The activity was
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expressed as conjugated diene content formed for
the first 20min of the incubation at 25T,

Determination of Protein and Heme Concentra-
tion

Protein concentration was determined by the
method of Lowry ef al.(1951) or from the absorba-
nce at 280nm. Heme content was determined from
Soret absorbance at 420mm(Parkin and Hultin, 19
87).

Inhibitory Effect of Various Reagents on Prooxi-
dant Activity

Various antioxidants or enzyme inhibitors(0.5~2
mM) were added to crude enzyme extracts, and
incubated with 0.25mM of EPA at 25T for 1h. After
incubation, the residual activity was determined by
oxygen absorption rate of the mixture as described
above.

Polyacrylamide Gel Electrophoresis

Polyacrylamide gel electrophoresis was perfor-
med on the prooxidant fractions according to the
method of Laemmli{1970) using a 7.5% acrylamide
gel at 5C with a voltage of 200V.

Results and Discussion

Lipid Proxidant Activity of Sardine Skin

The prooxidant activity in emulsion system(pH
6, 25C) of skin, dark and ordinary muscles of sar-
dine is presented in Table 1. The activity was de-
termined as oxygen absorption rate of the reaction
mixture containing 1mM of EPA as the substrate.
It was confirmed in this emulsion system where
enzymes are more active than in dry systems that
the skin among various parts of sardine has the st-
rongest prooxidant activity similar to that of in dry
model systems reported previously(Cho et al, 1989
a, 1989b). :

To isolate the prooxidant matters from sardine
skin, the sardine skin was extracted gradually with
0.05, 0.2 and 0.5M sodium phosphate buffer at pH
70. The effect of pH on the oxidation{oxygen ab-
sorption raté of the mixture with 0.3mM of EPA)

of the sardine skin extracts at 25C for 30min is
presented in Fig. 1. The extract with 0.05M phos-
phate buffer showed the most prominent prooxi-
dant activity among the other extracts of sardine
skin. The optimum pH was found to be approxima-
tely 4. Whereas, the fractions extracted with buf-
fers with higher ionic strength showed relatively a
low activity which is nonspecific to pH. From these
experiments, the major prooxidants in sardine skin
are suggested to be extractable with 0.05M phos-
phate buffer.

Table 1. Prooxidant activity* of skin, dark and ordinary
muscles of sardine at 25C, pH 6

(mmol-min~'-dry matter g~

Ordinary muscle 0.01
Dark muscle 0.22
Skin 0.66

* Oxygen absorption rate of the mixture with 1
mM of EPA.
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£
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pH
Fig. 1. The pH dependance of prooxidant activity

(oxygen absorption rate of the mixture with Q.
3mM of EPA) of sardine skin extracts at 25¢C
for 30min.

Effect of Enzyme Inhibitors and Heating on the
Lipid Prooxidants in Sardine Skin

Table 2 shows the inhibitory effects of various
reagents and heating(100C, 5min) on the prooxi-
dant activity of the skin extract with 0.05M phos-
phate buffer. The reagents were preincubated with
the skin extracts at 25C for 1k Heating at 100T

503



Soon-Yeong CHO - Satoshi MOHRI * Yasushi ENDO and Kenshiro FujiMOTO

for 5min inhibited 89% of the original activity. This
result indicates that the major prooxidant catalyst
(s) in sardine skin are heat-labile and may be enz-
yme(s). Addition of KCN inhibited oxidation al-
most completely(93%) at pH 4. O'Brien(1969) re-
ported the complete inhibition of hemoprotein-cata-
lyzed hydroperoxide decomposition by cyanide. The
strong inhibition of linoleate oxidation by KCN su-
ggests the involvement of hemoproteins or any
other type of transit metal-containing protein in
prooxidant activity(Decker and Schanus, 1986).
Furthermore, the addition of aspirin or allopurinol,
which are inhibitors of cyclooxygenase or xanthi-
neoxidase, respectively, also blocked oxidation
about 30%.

Although we used the oxygen absorption method
for prooxidant activity determination, it was sugge-
sted that this method may give exaggerated values
in case of crude preparations; because many oxida-
tion metabolisms, such as respiration, can proceed
druing incubation(Fig. 1). Therefore, alternative
conjugated diene method was also applied to deter-
mine the prooxidant activity of sardine skin. The
time course of conjugated diene formation in 5mM
linoleic acid(Lo) by incubation with the sardine
skin extract(0.05M phosphate buffer) at 25C is
shown in Fig. 2. The conjugated diene formation in
the sardine skin extract incubated without a lipid
substrate(Control) was negligible during 1% of in-
cubation at 25T, while in the sardine skin extract
incubated with 5mM Lo; it increased linearly for 30

Table 2. Inhibitory effects of various reagents and
heating(100C, 5min) on prooxidant activity
of the skin extract(0~0.05M fraction) at 25
C for 1h*
Concentration  Inhibition(% )
(mM) pH 4 pH 6
Heating 89 -
BHA 05 40 -
KCN 2 93 41
Aspirin 2 - 32
Allopurinol 2 - 34

* Oxygen absorption rate of the mixture with
0.25mM of EPA.
** .: not determined.
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min at pH 4 and 7. These results showed that the
prooxidant activity of sardine skin extract was con-
firmed by the conjugated diene method as well as
by the oxygen absorption method.
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Fig. 2. Time course of conjugated diene formation by
incubation of sardine skin extract(0~0.05M
fraction) with 5mM linoleic acid at 25C.

Isolation of the Lipid Prooxidants

Sardine skin extract by 0.05M phosphate buffer
was resolved into four proteinic fractions by Se-
phadex G-200 chromatography as shown in Fig. 3.
The prooxidant activity on linoleate was localized
mainly in the 2nd and 3rd fractions. Plottings of
the prooxidant activity gave one small and two ma-
jor peaks, which were incompatible with the heme
content estimated by Soret absorbance(Fig. 3).
Heating of the each prooxidant fraction at 100 for
5min inhibited the activity as follows: G- 1, 93%,
G-1II, 70% and G-1I, 15%. The high thermostabi-
lity of G-1I fraction suggests that the catalyst in
G-1I fraction may not be enzymatic. Hence, the
peak G-I was found to coincide in the position
with that of hemoprotein. As the nonenzymatic pro-
oxidant activity of hemoprotein such as hemoglo-
bin and myoglobin are known to be not retarded
but accelerated by heat treatment(Eriksson, 1987),
the activity of G-1lI are suggested to nonenzymatic.
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Fig. 3. Elution profile of Sephadex G-200 gel filtration (2.5X95¢cm) of crude sardine skin extract.

However, G-Il fraction is suggested to contain
some prooxidant enzymes judging from the heat
inactivation. Though G-I was also suggested to
contain some lipid-oxidizing enzyme(s), this fraction
was not examined further because this is a minor
constituent. The G-1II fraction was further resolved
with DEAE-Sephadex A-50 anion-exchange resin.
Three proteinic fractions, G-11-1~3, were obtai-
ned as shown in Fig. 4. Fraction G-1I-1 showed
the highest prooxidant activity in the three frac-
tions. Because this fraction was eluted without
being adsorbed to the anion-exchange resin, the
fraction G-11-1 was applied successively to CM-
Sephadex A-50 cation-exchange chromatography
(Fig. 5). Three proteinic fractions were obtained as
shown in Fig. 5. Among three proteinic fractions
the fraction CM-1 showed the most prominent
prooxidant activity. Inhibitory effects of heat treat-
ment of these ion-exchange chromatographic frac-
tions at 100C for 5min on the prooxidant activity
are as follows; G-11-1, 70%; G-11-2, 89%; G-1I-
3, 94%; CM-1, 80% and CM-2, 94%. Almost com-
plete heat inactivation of these prooxidant fractions
suggests that the prooxidants in these fractions
may be enzymes.

To observe the protein composition of prooxidant
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fractions of chromatography on DEAE 50 and CM
50 columns, they were subjected to polyacrylamide
gel electrophoresis and stained with Coomassie
Brilliant Blue. The results are summarized in Fig.
6. The relative mobility of fraction G-11-2(Fig. 4)
was similar to that of catalase with about 240,000
Dalton of molecular weight. Moreover, the relative
mobilities of the high prooxidant fractions, G-11-2
(Fig. 4 and CM-1(Fig. 5) clearly differed from
those of myoglobin and hemoglobin.

The pH Dependence on Activity

The effect of pH on the prooxidant activity of the
crude enzyme preparation(G-11, Fig. 3) is presen-
ted in Fig. 7. The optimal pH was approximately
7.0. Wili(1965) reported that an increase in non-
heme iron catalyzed oxidation of linoleate with de-
creasing pH, and Eriksson et al.(1971) reported si-
milar results with ferrous and cupric ion catalyzed
oxidation. Ben-Aziz et al (1970) reported that opti-
mal pH values for hemoproteins ranged from 4 to
5. From these published data, because the unsatu-
rated fatty acid oxidation non-enzymatically cataly-
zed by transition metals or hemoprotein proceeds
more rapidly in the acidic condition than in the
neutral, the catalytic mechanism in sardine skin is
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Fig. 4. DEAE-Sephadex A-50 gradient anion-exchange column(1.2X 15¢m, pH 7, 0.01M sodium phosphate buffer,
10mi/h) chromatography of G-200 intermediate molecular weight fraction (G-1I) from the crude sardine

skin extract.
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Fig. 5. CM-Sephadex A-50 gradient cation-exchange column(1.2X20cm, pH 7, 0.01M sodium phosphate buffer,

10mi/h) chromatography of crude sardine skin extract, previously chromatographed in DEAE-Sephadex
A-50 column.
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suggested to be different from the non-enzymatic + —_—
one due to transition metals or hemoproteins. Mc- .
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Donald et al.(1979) reported an optimum pH of 6.5 ¢ Mo HemogTobin
for microsomal lipid oxidation of red hake muscles. " Ovalbumine
Although no enzyme responsible for lipid oxidation ' @ 0 Catalase
could be isolated from fish skin, Tsukuda(1972) 00 ¢ 1@ LOX-

A O A T AR NI ] Soy Extract

reported the occurrence of an enzyme which pro- . ;
00 amit amp ISardine Skin
Ext.(0-0.05M)

motes the oxidative discoloration of a red pigment
00 W) @ |G-II

in skin of rockfish and also Yamaguchi and Toyo-

000 00 6-111
mizu(1984) found a “lipoxygenase-like” enzyme in @« @i
sardine skin. The optimum pH of these enzymes 0 = G-11-2
were reported to be 7 and 13, respectively. A pH e @ | (M1
optimum of 7.0(Fig. 7) also suggests that the pro- ] tM-2

oxidant activity of fraction G-1I (Fig. 3) may be at

least partially enzymatic in nature as well as its Fig. 6. Polyacrylamide gel electrophoresis of prooxi-

dant enzymes obtained from various purifica-

heat-unstability. ) . .
y tion steps of the crude sardine skin extract.

Substrate Specificity

A variety of lipoxygenases have been examined
for their substrate specificity and found to show dif-
ferent activities on esterified fatty acids. For exam-
ple, among three isoenzymes of soybean lipoxy-
genase, L-2 can oxidize glycerol esters, while L-1
and -3 can oxidize only free fatty acids(Gardner,
1980). On the other hand, animal lipoxygenases
which localize in leucocytes and involve in the leu-

o
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O
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cotriene formation are regarded to be specific to
free fatty acids(Hansson et al, 1983). Cytochrome
¢, which is also responsible for lipid peroxidation

Prooxidant activity (A234/3O min/mi)

in biological systems, stimulates the autoxidation of

free fatty acids but unable to catalyze the peroxida- 0 q . 5 — 8 - ]'0 : T 7

tion of methyl esters(Grossman et al, 1972). As oH

sho.wn .in Table.3, the sardine skin e.xtract(Fr. CM- Fig. 7. Effect of pH on prooxidant activity of G-200
D is highly active on methyl Lo. This fact suggests intermediate molecular weight fraction(G-11)
that the sardine skin prooxidant enzyme(s) are di- from the crude sardine skin extract.

Table 3. Substrate specificity of partially purified prooxidant enzyme in sardine skin

Relative activity

Substrate Sardine skin Horse heart?® Eggplant” Fusarium”
prooxidant enzyme cytochrome ¢ lipoxygenase lipoxygenase
(CM-1 fraction: pH 7) (pH 1D (pH 6.5) (pH 13)
Linoleate 100 100 100 100
Methy! linoleate 73 - 0 21 49

a) The data are quoted from report of Grossman et al.(1972).
b) The data are quoted from report of Matsuda et al.(1976).
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stinctly different from cytochrome ¢ and leucocyte
lipoxygenase(Hansson et al,, 1983; Grossman ef al,
1972). Furthermore, this sardine skin prooxidant
enzyme are suggested to contain heme(Fig. 3~6).
This property is quite different from general lipoxy-
genases containing non-heme iron(Gardner, 1980)
as an active center. Only one lipoxygenase has been
known to contain heme iron so far. That enzy-
me was isolated from a fungi Fusarium oxysporum
(Matsuda et al, 1976).

From these results of the experiments, the occu-
rrence of highly prooxidant and thermounstable
substances were demonstrated in sardine skin. The
prooxidants are resonably assumed to be enzymes
and can oxidized linoleate to conjugated diene-hyd-
roperoxides(Fig. 2). Therefore, the prooxidants in
sardine skin are suggested to be lipoxygenase or
lipoxygenase-like enzymes. Further studies, espe-
cially the stereospecific abstraction of proton and
successive oxygenation should be proved to iden-
tify these enzymes as lipoxygenases together with
the specificity on cis, cis-1, 4-pentadiene structure.
The occurrence of lipid prooxidants in fish tissues
has been noticed since long but the activity has
been attributed to the non-enzymatic catalysis by
hemoprotein such as hemoglobin and myoglobin.
Although the enzymes responsible for linoleate oxi-
dation found in the present studies contain heme,
these are apparently different from either hemog-
lobin or myoglobin. The characterization of prooxi-
dants in fish tissues are believed to be beneficial
and even essential to prevent the lipid oxidation in
fish products.
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