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Abstract

Lipase from rohu(Labeo rohita, cyprinidae) intestine was extracted, fractionated with
ammonium sulphate and purified on Sephadex G-100 column. It was found that the specific
activity increased 3.6 times after ammonium sulphate precipitation and Sephadex G-100 Chro-
matography of crude extract. Lipase activity at different levels of ammonium sulphate fraction-
ations was tested. Precipitates obtained at 30 and 60% saturation of ammonium sulphate
showed lower activity. Fractions precipitated with 80% saturated ammonium sulphate had the
maximum activity and no activity was detected in the filtrate from this fraction. Lipase was
found to have optimum activity at temperature 45°C and at pH 7.0. The amino acid composi-
tion of the enzyme showed that lipase had high amount of polar amino acids than nonpolar
amino acid content.

Introduction

Lipolytic enzymes play an important role in digestion of lipids in bio-
logical systems (Walton and Cowey 1982). Apart from physiological activity,
lipase catalysed reactions are important in various industries, such as dairy
(Lin et al. 1996), oleochemical (Mc Neill and Yamane 1991), food (Kim et al.
1998) etc., as an alternative to expensive and tedious chemical reactions. In
an enzyme linked reaction, maintenance of optimal reaction conditions is
essential to obtain maximum yields of the product.

Past studies on lipase in different species of aquatic origins like whale
(Isihara 1960-1962), skate (Brockerhoff and Hoyle 1965), amazon fish
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(Reimer 1982) and turbot (Koven et al. 1997) have documented the proper-
ties of this enzyme. These data show that the characteristics of lipase vary
depending on the source from which it is obtained. Therefore detailed inves-
tigations are required to understand the properties of lipase from various
sources. Lipase from fish pancreas (Patton et al. 1975; Leger et al. 1977,
Mukundan et al. 1985; Sukarno et al. 1996) and pyloric caeca of cod
(Gjellesvik et al. 1989; 1992) and tuna (Maurin and Gal 1996) have been
purified and partially characterised. Experiments on intestinal lipase are so
far restricted to crude preparations (Kitamikado and Tachino 1960; Kayama
et al. 1979; Borlongan 1990; Mukhopadhyay and Rout 1996) and literature
on its purification is scarce. The present paper focuses on the partial purifi-
cation of rohu(Labeo rohita, Cyprinidae) intestinal lipase and determination
of the optimum temperature and pH conditions for the enzyme activity.

Materials and Methods
Experimental animal

Fresh water fish, rohu, Labeo rohita weighing between 500 to 600 g
each, were collected from a nearby aquaculture farm and immediately after
harvesting were washed, iced and transported to the laboratory.

Chemicals

Polyvinyl alcohol (PVA), tryptophan standard, amino acid standards,
tributyrin, bovine serum albumin (BSA) were purchased from Sigma Chemi-
cal Co. (St Louis, MO, USA). The column chromatographic materials,
Sephadex G-25 and Sephadex G-100, were from Pharmacia Fine Chemicals,
Uppasala, Sweden. All other chemicals used were of Analytical Grade.

Lipase assay and protein estimation

The enzyme activity was assayed by estimating the amount of fatty
acids released following the method of Mukundan et al. (1985). Protein con-
tent of the enzyme was determined by the method of Lowry et al. (1951)
using BSA as standard.

Purification
CRUDE EXTRACT PREPARATION AND AMMONIUM SULPHATE FRACTIONATION

Throughout the purification process temperature was maintained be-
tween 0-4°C unless otherwise specified. Specimens were dissected and the
intestines were removed, washed to remove the gut contents and washed
intestines were pooled together for extract preparation. Crude extract was
prepared as described by Mankura et al. (1984). The crude extract was frac-
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tionated with 30, 60 and 80% saturated ammonium sulphate and subse-
guently desalted following the procedure of Mukundan (1982).

SEPHADEX G-100 CHROMATOGRAPHY

Volume of desalted extract was reduced by addition of dry Sephadex G-
25 and applied to a column of Sephadex G-100 (2.5 x 45 Cm) previously
equilibrated with 0.01 M Mcllvaine Phosphate buffer (pH 7.0) (Mukundan
1982). The sample was eluted with 0.01 M Mcllvaine Phosphate buffer and
5 ml fractions were collected at a flow rate of 20 ml=hrl. The elution was
monitored by observing the absorbance of fractions at 280 nm. Enzyme ac-
tivity of each fraction was measured and fractions showing higher activity
were pooled together and used for further characterization.

Effect of temperature and pH on lipase activity

Effect of temperature on enzyme activity was assayed with 1.0 ml portions
of purified lipase at temperatures of 3°, 15°, 30°, 37°, 45° and 50°C at a pH of
7.0 (Mukundan et al. 1985). The effect of pH on lipase activity was determined
by conducting the assay as described by Mukundan et al. 1985, at pH of 5.0,
6.0, 7.0, 8.0, 9.0 and 10.0 using 1.0 ml of purified extract at 37°C.

Estimation of amino acids

Amino acids except Tryptophan were estimated according to the proce-
dure of Ishida et al. (1981). To 1.0 ml of partially purified enzyme extract
6.0 ml of 6N Hydrochloric acid was mixed and digested overnight at 110°C.
The hydrolysate after flash evaporation was made up to 2.0 ml with Buffer
C (Sodium citrate tribasic, Perchloric acid, n-Caprylic acid pH 2.2) and 20 ml
was analysed on a Shimadzu HPLC LC-10 AS amino acid analysis system
(Shimadzu Corporation, Japan) using ISC-07/S/Na column (19 x 5 cm)
packed with Styrene Divinyl benzene copolymerized with sulfinic group.

Tryptophan content of the enzyme was estimated by the method of
Sastry and Tummuru (1985). To 1.0 ml of partially purified sample 3.0 ml of
5% NaOH was added and hydrolysed at 110°C for 24 hours. The hydrolysate
was neutralized, volume was made up to 25 ml with distilled water, filtered
and the filtrate was used for estimation.

Results and Discussion
Enhancement of specific activity
The enhancement of the enzyme activity at different stages of purifica-
tion is summarized in table 1. Specific activity of the extract increased 3.6

fold by ammonium sulphate fractionation and Sephadex G-100 chromatogra-
phy. Kayama et al. (1979) purified carp hepatopancreas lipase 12.5 fold by
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(NH,),SO, fractionation and Sephadex G-200 column chromatography. How-
ever poor recovery of activity due to the addition of ammonium sulphate
that may change the native structure of the enzyme during the treatment
has been reported (Holland and Coolbear 1996, Chich et al. 1997 and
Castillo et al. 1999). Gjellesvik et al. (1992) reported that practically all ac-
tivity was lost during desalting or affinity chromatography regardless of
desalting method in the case of lipase from cod pyloric caeca. Gjellesvik et
al. (1992) purified a bile salt dependent lipase of defatted powder of cod
pyloric caeca by combined affinity chromatography on Cholate-Sepharose and
gel filtration on Sephacryl S-200 HR. The authors noticed that the specific
activity of the enzyme increased by 1.5 fold after (NH,),SO, fractionation
which was nearly to the extent of enhancement of enzyme activity obtained
in the present study (1.3 fold).

Ammonium sulfate fractionation

Enrichment of enzyme activity at different concentrations of ammonium
sulphate is shown in figure 1. The precipitation of the enzyme was not no-
ticeable at 30% saturation of ammonium sulphate. The maximum precipita-
tion of the enzyme was obtained at 80% saturation. The filtrate from this
step did not show any lipase activity. The result of the study is similar to
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Table 1. Purification of lipase from intestine of rohu

Steps Total *Total **Specific Yeild Purification
Protein activity Activity (%) fold
(mg) x 108 x 102
Crude Extract 2850 506.33 10.66 - 1.00
Desalted extract 917.85 220.28 14.4 43.5 1.35
Sephadex G-100
Chromatography 120.0 76.8 384 15.16 3.61

*Expressed as nmol butyric acidemin—1
**Expressed as nmol butyric acidemin—lemg protein—!
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the observations of Mukundan et al. (1985) who salted out oil sardine
hepatopancreatic lipase at 80% saturation. Kayama et al. (1979) obtained
carp hepatopancreatic lipase precipitated at 30% saturation. Gjellesvik et al.
(1989) precipitated cod pyloric caeca lipase with 47% saturation of ammo-
nium sulphate. The salting out of enzyme depends on the hydrophobic na-
ture of the protein (Scopes 1984). Amount of ammonium sulphate needed for
precipitation of protein is dependent upon the hydrophobicity of the enzyme
which in turn is decided by its nonpolar amino acid content (Scopes 1984)

Amino acid composition of the enzyme

The amino acid composition of partially purified lipase is shown in
Table 2. The enzyme contained high proportion of glutamic acid and aspartic
acid and the level of methionine was comparatively low. The result showed
that the enzyme was composed of more acidic amino acids than basic ones.
It was also noticed that quantum of hydrophilic amino acid was more than
that of hydrophobic amino acids. Albro et al. (1985) also noted an excess of
acidic amino acids over basic ones in rat pancreatic lipase. Mukundan et al.
(1985) reported that purified oil sardine hepatopancreas lipase contained
higher proportion of hydrophilic amino acid but cystine and methionine were
absent. Gjellesvik et al. (1992) noticed high serine and glutamate levels com-
pared to other amino acids in cod lipase. This shows that there are consider-
able differences in the amino acid composition of lipase from different
sources.

Effect of temperature and pH on lipase activity
Effects of temperature and pH on rohu intestinal lipase activity are

presented in figures 2 and 3 respectively. At 3°C there was no activity but it
gradually increased and maximum activity was noticed at 45°C (pH 7.0).

Table 2. Amino acid composition of partially purified lipase

Amino acids ug amino acid residue=mg protein-t
Aspartic acid 102.00
Threonine 47.33
Serine 53.73
Glutamic acid 143.62
Proline 40.26
Glycine 64.46
Alanine 65.66
Valine 50.68
Methionine 06.81
Isoleucine 41.66
Leucine 71.26
Tyrosine 37.80
Phenyl alanine 37.06
Histidine 33.40
Lysine 24.96
Arginine 39.00

Tryptophan 9.18
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The pH optimum of lipase was noticed at pH 7.0 (37°C). Brockerhoff et al.
(1970) reported that partially purified digestive lipase of adult lobster
showed optimum activity at pH 7.0. Vonk and Western (1984) observed that
the lipolysis in teleost fish occurred between pH 6.2-8.5. Digestive lipase (py-
loric ceaca and anterior ileum) of cod showed optimum activity at pH 7.0
and at temperature 37°C (Lie and Lambertsen 1985). The optimum tempera-
ture of milkfish intestinal lipase was found to be at 45°C (Borlongan 1990).
In contrast to the present study, reports on slightly alkaline pH and lower
temperature optima in different fishes are available. Kitamikado and
Tachino (1960) noticed a relatively low temperature optima (20°C-25°C) and
an alkaline pH optima (7.5-8.0) in rainbow trout intestinal lipase. Patton and
Quinn (1973) established pH 8.0 as the optimum for surf clam digestive li-
pase. Rasco and Hultin (1988) found that dogfish lipase had pH and tem-
perature optima at 8.5 and at 35°C, respectively. Variations in temperature
optima of different fishes depend on the temperature of the habitat of the
fish (Borlongan 1990) and thermal stability of the lipases (Sukarno et al.
1996). Indian major carps thrive well in the temperature range 18-37°C,
temperature below 16.7°C and above 39.8°C prove fatal to them (Jhingran
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1991). However, the observed optimum temperature for the digestive lipase
activity is not compatible to normal surrounding water temperature condi-
tion.

Conclusion

The present study demonstrated that lipase present in intestine of rohu
could be precipitated at a comparatively high concentration of ammonium sul-
phate (80%). Presence of more amount of polar amino acid might be respon-
sible for such behavior of the enzyme. The pH optimum for the enzyme was
found to be 7.0 which was nearer to the pH of the gut fluid (>6.0) of
stomachless filter-feeding carps (Bitterlich 1985). From previous studies it has
been observed that the characteristics of lipase vary from species to species of
fishes and the results obtained during this investigation support this view.
Therefore, purification and characterization of the enzyme from different spe-
cies are necessary for proper understanding of the behavior of the enzyme.

Acknowledgment

The authors are thankful to Dr. K. Devadasan, Director, Central Insti-
tute of Fisheries Technology, Cochin for his permission to publish this paper.

References

Albro, P.W., R.D. Hall., J.T. Corbett and J. Schroeder. 1985. Activation of Nonspecific lipase
(EC 3.1.1. -) by bile salts. Biochimica et Biophysica Acta 835: 477-490.

Bitterlich, G. 1985. Digestive enzyme pattern of two stomachless filter feeders. Silver carp,
Hypophthalmichthys molitrix Val., and big head carp, Aristichthys nobilis Rich. Journal
of fisheries biology 27: 102-112

Borlongan, 1.G. 1990. Studies on the digestive lipases of milkfish, Chanos chanos. Aquaculture
89: 315-325.

Brockerhoff, H. and R.J. Hoyle. 1965. Hydrolysis of triglycerides by the pancreatic lipase of a
skate. Biochimica et Biophysica Acta 98: 435 —437.

Brockerhoff, H., R.J. Hoyle and P.C. Hwang. 1970. Digestive enzymes of the American lobster
(Homarus americanus). Journal of the Fisheries Research Board of Canada 27: 1357-1370.

Castillo, 1., T. Requena., F. de. Palencia., J. Fontecha and M. Gobbetti. 1999. Isolation and
characterization of an intracellular esterase from Lactobacillus casei subsp. Casei IFPL
731. Journal of Applied Microbiology 86: 653-659.

Chich, J.F., K. Marchesseau and J.C. Gripon. 1997. Intracellular esterase from Lactococcus
lactis subsp. lactis NCDO0763: Purification and characterization. International Dairy Jour-
nal 7: 169-174.

Das, K.M. and S.D. Tripathi. 1991. Studies on the digestive enzymes of grass carp,
Ctenopharyngodon idella (Val.). Aquaculture 92: 21-32.

Gjellesvik, D.R., A.J. Raae and B.T. Walther. 1989. Partial purification and characterization of
a triglyceride lipase from Cod (Gadus morhua). Aquaculture 79:177-184.

Gjellesvik, D.R., D. Lombardo and B.T. Walther. 1992. Pancreatic bile salt dependent lipase
from Cod (Gadus morhua): Purification and properties. Biochimica et Biophysica Acta
1124:123-134.

Holland, R. and T. Coolbear. 1996. Purification of tributyrin esterase from Lactococcus lactis
subsp. lactis E8. Journal of Diary Science 63(1): 131-140.


http://www.pdffactory.com

340

Ishida, Y., T. Fujita and K. Asai. 1981. New detection and separation method for amino acids
by high performance liquid chromatography. Journal of Chromatography 204: 143-148.

Isihara, Y. 1960-62. Studies on Whale Lipase.1.Lipase of the pancreas of little finner. Bulletin
of the Faculty of Fisheries Hokkaido University 11-12: 23-28.

Jhingran, V.G. 1985. Fish culture in freshwater ponds. In:Fish and Fisheries of India(ed. V. G.
Jhingran), pp. 272-354. Hindustan Publishing Corporation, Delhi.

Kayama, M., M. Mankura and Y. lkeda 1979. Hydrolysis and synthesis of wax esters by differ-
ent systems of Carp Hepatopancreas preparation. Journal of Biochemistry 85(1): 1-6.

Kim, J., D.H. Altreuter., D.S. Clark and J.S. Dordick. 1998. Rapid synthesis of fatty acid esters
for use as potential food flavors. Journal of the American oil Chemists’ society 75(9):
1109-1113.

Kitamikado, M. and S. Tachino. 1960. Studies on the digestive enzymes of Rainbow trout-IIl.
Esterases. Bulletin of the Japanese Society Sciences of Fisheries 26(7): 691-694.

Koven, W.M., R.J. Henderson and J.R. Sargent. 1997. Lipid digestion in turbot (Scophthalmus
maximus): In-vivo and in-vitro studies of the lipolytic activity in various segments of the
digestive tract. Aquaculture 151(1-4): 155-171.

Leger, C., D. Bauchart and J. Flanzy. 1977. Some properties of pancreatic lipase in Salmo
gairdenerii rich: K, Effects of Bile salts and Ca?*, gel filtrations. Comparative Biochem-
istry and Physiology 57B: 359-363.

Lie, O. and G. Lambertsen. 1985. Digestive Lipolytic enzymes in Cod (Gadus morhua): Fatty
acid specificity. Comparative Biochemistry and Physiology 80B(3): 447-450.

Lin, S.F., J.C. Lee and C.M. Chiou. 1996. Purification and characterisation of a lipase from
Neurospora species TT-241. Journal of the American oil Chemists’ society 73(6): 739-745.

Lowry, O.H., N.N. Rosebrough., A.L. Farr and R.J. Randall 1951. Protein measurement with
the Folin-phenol reagent.. Journal of Biological Chemistry 193: 265 —-275.

Mankura, M., M. Kayama and S. Saito. 1984. Wax ester hydrolysis by lipolytic enzymes in
pyloric caeca of various fishes. Bulletin of the Japanese Society Sciences of Fisheries 50:
2127-2131.

Maurin, C. and Y.L. Gal. 1996. Characterization of hydrophobic esterase from tuna ( Thunnus
albacares) Pyloric caeca. Journal of Marine Biotechnology 4: 87-90.

Mc Neill, G.P. and T. Yamane. 1991. Further improvements in the yield of monoglycerides
during enzymatic glycerolysis of fats and oils. Journal of the American oil Chemists’ so-
ciety 68(1): 6-10.

Mukhopadhyay, P.K.and S.K. Rout 1996. Effects of dietary lipids on growth and tissue fatty
acid changes in fry of the carp Catla catla(Hamilton). Aquaculture Research 27: 623-630.

Mukundan, M.K. 1982. Studies on Fish Lipases. Phd. Thesis, University of Cochin, Kerala,
India.

Mukundan, M.K., K. Gopakumar and M.R. Nair. 1985. Purification of a lipase from the
Hepatopancreas of Oil sardine (Sardinella longiceps Linnaeus) and its characteristics and
properties. Journal of Science of Food and Agriculture 36: 191-203.

Patton, J.S. and J.G. Quinn. 1973. Studies on the digestive lipase of the Surf Clam Spisula
solidissima. Marine Biology 21: 59-69.

Patton, J.S., J.C. Nevenzel and A.A. Benson. 1975. Specificity of digestive lipases in hydrolysis
of wax esters and triglycerides in anchovy and other selected fish. Lipids 10: 575-583.

Raghuramulu, N., K. Madhavan Nair and S. Kalyanasundaram. 1983. Preparation of common
buffers. In: a manual of laboratory techniques, National Institute of Nutrition, ICMR,
Hyderabad, India, pp.339-345.

Rasco, B.A. and H.O. Hultin. 1988. A comparison of dogfish and porcine pancreatic lipases.
Comparative Biochemistry and Physiology 89B: 671-677.

Reimer, G. 1982. The influence of diet on the digestive enzymes of the Amazon fish Matrincha,
Brycon cf. melanopterus. J. Fish Biol 21(5): 637-642.

Sastry, C.S.P. and M.K. Tummuru. 1985. Spectrophotometric determination of tryptophan in
proteins. Journal of Food Science and Technology 22: 146-147.

Scopes, R.K. 1984. Separation by precipitation. In: Protein purification, principles and
practice(ed. R. K. Scopes), pp: 39-66, Springer-Verlag Publishers, New York.

Sukarno., K. Takahashi., M. Hatano and Y. Sakurai. 1996. Lipase from neon flying Squid
hepatopancreas: Purification and properties. Food Chemistry 57(4): 515-521.

Vonk, H.J. and J.R.H. Western. 1984. Comparative biochemistry and physiology of enzymatic
digestion. Academic Press, New York, USA.

Manuscript received 02 June 2003; Accepted 21 May 2004


http://www.pdffactory.com



