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Purification and Properties of Lipase from Tilapia Intestine
—Digestive Enzyme of Tilapia—VI—
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Lipase of the intestine of Tilapia nilotica was purified by ammonium sulfate precipitation, followed by ion-ex-

change chromatography (DEAE-cellulose), chromatofocusing (Polyexchanger PBE 94), and gel filtration

(Sephadex G-100).

The lipase was found to be a single band when examined by electrophoresis.

The specific activity of the purified enzyme was 177 times higher than that of the crude extract.

The lipase had a molecular weight of 46,000, showed the highest activity at pH 7.5 and 35°C, and was stable
at pH 6.5-8.5 and below 40°C. The Km of the enzyme for olive oil was calculated to be 0.7 mM. Its activity was
inhibited by Cu?*, Cd?+, Ni2*, Hg?+, PCMB, and CH,ICOOH.

This enzyme specifically digested Tributyrin and Tricaproin, whereas it digested 1,2-diolein and 1-

monoolein more than 1,3-diolein and 2-monoolein. The enzyme well decomposed soybean oil and coconut oil.
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Fig. 1. Ton-exchange chromatography of intestine li-
pase from Tilapia on DEAE-cellulose. Crude en-
zyme, after (NH,;),SO, precipitation, was ap-
plied on a DEAE-cellulose column (1.5x 18 cm)
previously equilibrated with 20 mM phosphate
buffer (pH 7.5). The enzyme was eluted by the li-
nar gradient with 20 mM phosphate buffer (pH
7.5) and 0.6 M NaCl solution (300 mL). ---, pro-
tein (absorbance at 280 nm); —@~, lipase activity;
~- lipase fraction.
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Fig. 2. Chromatofocusing of intestine lipase from Fraction nusber(3al/tube)

Tilapia. The enzyme was applied on a polyex-
changer column (PBE94, 1.2 X 20 cm) previously
equilibrated with 25 mM histdine-HCI buffer (pH
6.2), and then the enzyme was eluted with poly-
bufter 74-HCI (pH 3.0). ---, protein (absorbance
at 280 nm) ; -@-, lipase activity; —, pH; —, lipase
fraction.
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Fig. 3. Gel filtration of intestine lipase from Tilapia
on Sephadex G-100. The enzyme, after chro-
matofocusing, was applied on a Sephadex G-100
column (1.5x85cm) previously equilibrated
with 20 mM phosphate buffer (pH 7.5), and then
the enzyme was eluted with the same buffer. ---,
protein (absorbance at 280 nm) ; -@—, lipase activ-

ity; =, lipase fraction.

Fig. 4. Disc-polyacrylamide gel electrophoresis of
purified intestine lipase from Tilapia.

The purified enzyme (0.1 mg) was applied to
10% polyacrylamide gel (pH 8.3).

The gel was stained for protein with Brom-
phenol blue.
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Table 1. Summary of purification process of intestine lipase of Tilapia

Stages Total protein ~ Total activity Specific activity Purification Yield

g (mg) (units) (units/mg) (fold) %)

Extact* 8905 2166.8 0.2 1.0 100
Crude enzyme 4210 1411.5 0.3 1.5 65
DEAE-cellulose chromatography 93 881.5 9.5 47.5 41
Chromatofocusing 32 620.8 194 97.0 29
Gel-filtration on Sephadex-G100 12 425.1 35.4 177.0 20

* Acetone-defatted tilapia intestine (30 g) was used.
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Fig. 5. Effects of bile concentration on the activity
of intestine lipase from Tilapia.
The activity was determined at 35°C for 20 min
in various bile concentrations and expressed as a
percentage of the activity under non-addition.
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Fig. 6. Effects of pH and temperature on the activity
and stability of intestine lipase from Tilapia.

Buffers used were 0.1 M citrate (pH 4.5-5.5),
0.1 M phosphate (pH 5.5-8.0) and Tris-HCI (pH
8.0-9.5).

Optimum activity: the reaction was carried out
for 20 min with pH alteration ( at 35°C) or with
temperature alteration (at pH 7.5), and the acti-
vity was expressed as a percentage of the maxi-
mum activity. —@-, lipase activity.

Stabilities against pH and temperature: the en-
zyme was preincubated at various pH at 35°C for
30 min or at various temperatures at pH 7.5 for
30 min and the remaining activity was deter-
mined at 35°C for 30 min and expressed as a per-
centage of the initial activity. —-M-, lipase sta-
bility.
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Table 2. Properties of intestine lipase of Tilapia

Properties Intestine lipase

Molecular weight

Gel filtration 46,000
SDS-PAGE 46,000
Isoelectric point 4.9
K, (mM)* 0.7

* substrate: Olive oil
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Table 3. Effect of various reagents on the activity Table 4. Effect of triacylglycerols on intestine
of intestine lipase of Tilapia (%) lipase activity of Tilapia
Reagents Reagents Substrates (10 mM) Relative hydrolysis (%)
None 100 Hg(Cl, 45 Triacetin 4
KCl 110 CdCl, 38 Tributyrin 100
CaCl, 102 CuCl, 19 Tricaproin 82
MgCl, 98 EDTA*! 99 Tricaprylin 11
AlCl 95 DFP*? 98 Tricaprin 8
PbCl, 95 CH,ICOOH 25 Triolein 6
ZnCl, 70 PCMB*® 20 Trilinolein 5
NiCl, 45 The reaction was carried out at 35°C for 20 min with various

The enzyme was preincubated with 1 mM of various rea-
gents at 35°C for 30 min, and the remaining activity was de-
termined and expressed as a percentage of the activity under
non-addition.

*1 EDTA: ethylenediaminetetraacetic acid.

*2 DFP: diisopropyl fluorophosphate.

*3 PCMB: p—chloromercuribenzoic acid.
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substrates and the activity was determined and expressed as
a percentage of the activity with tributyrin as substrate.

Table 5. The K, values of intestine lipase of Tilapia

Substrates K, (mM)
Triolein 0.8
1-Monoolein 0.7
2-Monoolein 1.0
1,3-Diolein 1.3
1,2-Diolein 0.6

The reaction was carried out at 35°C for 20 min with various
substrates and the activity was determined and expressed as
a percentage of the activity with tributyrin as substrate.
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Table 6. Effect of substrates on intestine lipase

Table 7. Effect of oil on intestine lipase activity of

activity of Tilapia Tilapia
Substrates (10 mM) Relative hydrolysis (%) Fat and oil Relative hydrolysis (%)
Triolein 100 Olive oil 100
Butyl oleate 48 Soybean oil 200
1-Monoolein 122 Corn oil 104
2-Monoolein 85 Coconut oil 174
1,3-Diolein 62 The reaction was carried out at 35°C for 20 min with various

1,2-Diolein 141

The reaction was carried out at 35°C for 20 min with various
substrates and the activity was determined.
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substrates and the activity was determined and expressed as
a percentage of the activity with olive oil as substrate.
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