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the viscera of bolti fish (Tilapia nilotica)

A.E. El-Beltagy, T.A. El-Adawy *, E.H. Rahma, A.A. El-Bedawey

Food Science and Technology Department, Faculty of Agriculture, Menofiya University, 32516-Shibin El-Kom, Egypt
Abstract

An acidic protease was extracted from acetone powder of the viscera of bolti fish (Tilapia nilotica) in acidified distilled water and

precipitated from the resulting extract by ammonium sulfate followed by dialysis and its kinetics studied. The crude enzyme was

purified using gel filtration; its homogeneity and molecular weight were studied. The enzyme showed highest activity and purifi-

cation-fold when precipitated at 40–60% ammonium sulfate. Purification fold and activity were increased after purification by

dialysis and gel filtration on Sephadex G-100. Homogeneity studies, by polyacrylamide gel electrophoresis, illustrated that the

enzyme was homogeneous only after purification by the gel filtration step. Sodium dodecyl sulphate polyacrylamide gel electro-

phoresis showed a molecular weight of 31.0 kDa. The optimal pH and optimal temperature were 2.5 and 35�C, respectively. The
enzyme showed pH stability between 2 and 6. It retained more than 50% of its activity after heating between 50 and 60�C for 30 min,

and 40.2 and 74.9% after heating between the same temperatures for 120 min. The Km and Vmax values of enzyme were 0.77 mM and

2.22 mM/min, respectively, while the catalysis efficiency (Vmax/Km) was 2.88. A high inhibition percentage of total enzyme activity

was obtained when the enzyme was incubated with 50 mM of both soybean trypsin inhibitor and ethylenediaminetetraacetic acid.

The presence of either NaCl or CaCl2 at 10 mM concentration increased the enzyme activity by 20.5% and 31.2%, respectively.

� 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Proteases constitute the most important group of

industrial enzymes used in the world today and it have

several applications in the food industry (Garcia-

Carre~no, 1991).
Proteases may be extracted from any living organism.

Very wide ranges of sources are used for commercial

enzyme production (Chaplin & Buck, 1990). Proteases

are mainly derived from plant, animal and microbial

sources, whereas their counterparts, derived from ma-

rine and other aquatic sources, have not been exten-

sively used (Haard & Simpson, 1994).

Fish processing generates large amounts of solid and

liquid wastes. Normally, more than half of the raw
material weight is unused. For example, only about 15%

of round shrimp become a canned shrimp product.
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Many different by-products have been produced from

fish processing wastes. However, fishery by-products are

typically feeds and fertilizers that have a low dollar va-

lue. There is growing interest in obtaining higher value

biochemicals and pharmaceuticals from fishery wastes,

notably enzymes (Haard, 1998).

There have been relatively few attempts to use fish
proteases as industrial processing aids. Fish are poiki-

lothermic and vary considerably in their feeding habits

and temperature preferences, and so it is expected that

their digestive enzymes will also exhibit diversity.

(Godfrey & Reichelt, 1983).

In recent years, additional applications of proteases

in the seafood industry have emerged. These include the

selective removal of skin, hydrolysis of membranes and
other supportive tissue that envelope roe, roe seeks and

other tissues, and recovery of pigments and flavour ex-

tract (Haard, 1992). Crude forms of both acidic and

alkaline proteases extracted from bolti fish viscera con-

vert 54% and 79% of fish protein wastes at a 50 h re-

action time (Ibrahim, 1994).
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This research is carried out as a contribution to the

utilization of fish by-products for producing enzymes

and also to the reduction of waste disposal problems.
2. Materials and methods

2.1. Materials

2.1.1. Bolti fish viscera

The Bolti fish, Tilapia nilotica, were purchased from

the local market at Shibin El-Kom city and the viscera

were removed by hand as soon as possible, then stored
in sealed plastic bags at )20�C until used for enzyme

extraction.

2.1.2. Reagents

Bovine serum albumin, trichloroacetic acid, glycerol,

b-mercaptoethanol, tris (hydroxymethylaminomethane),

Coomassie Brilliant Blue R-250, acrylamide, bisacryla-

mide, N ;N ;N ;N , tetramethylethylenediamine, sodium
dodecyl sulphate, ammonium persulphate and ethylen-

ediaminetetraacetic acid were purchased from Sigma

Chemical Co., St. Louis, Mo. USA. Protein standard

was purchased from Bio-Rad, Mississauga, Ontario,

Canada. Sephadex G-100 and DEAE-sephadex A-25

were purchased from Pharmacia Fin Chemical Co.

Uppsala, Sweden. Pepsin powder was purchased from

Riedel-de Ha€en.

2.2. Methods

2.2.1. Preparation of crude acidic protease

Digestive tracts (viscera) were partially thawed in the

refrigerator at 4�C, defatted by homogenization with 8

volumes of cold acetone for 30 s in a homogenizer

(Edmund B€uhler, T€uhler, T€ubingen, Typ. Hov Nr. 52).
The homogenate was filtered and the acetone insoluble

material was washed several times with cold acetone and

finally once with ether, then dried at room temperature

at 25+2�C overnight. The powder produced was kept in

a brown glass bottle and stored at )20�C for further

analysis.

The acetone dried powder was extracted with distilled

water (1: 20, w/v) for 1 h using a mechanical shaker. The
resulting supernatant was adjusted to pH 2.5 by addi-

tion of 0.1 M HCl then held for 30 min and readjusted

to pH 5 with 0.1 M NaOH after removal of the acidic

precipitate. The supernatant was dialyzed against dis-

tilled water at 4�C overnight (Haard, 1986) and referred

to as crude acidic protease.

2.2.2. Enzyme purification

2.2.2.1. Ammonium sulfate precipitation. For preliminary

assay, 50 ml of enzyme extract were used to determine
the appropriate ammonium sulphate concentration for

partial purification. The ammonium sulphate concen-

trations (40–60%) which gave the highest purification-

fold and specific activity were used to purify the

remaining initial extract through two steps: first, the
solution was brought to 40% concentration then cen-

trifuged at 10,000 rpm for 10 min and the precipitate

discarded. Secondly, the enzyme solution was brought

to 60% saturation and the enzyme precipitate retained

and the remainder discarded. The resulting extract was

dialyzed and defined as partially purified acidic protease,

and dissolved in 0.02 M acetate buffer at pH 5.0. It was

kept in brown glasses bottles and stored at )20�C for
further purification.

From the preliminary study, acidic protease was

collected from the crude acidic supernatant by precipi-

tation with 40–60% saturation of ammonium sulfate. It

was mixed for 30 min, then allowed to settle for 24 h at

4�C. The supernatant was discarded and the precipitate

was dissolved in 0.02 M acetate buffer of pH 5.0.

2.2.2.2. Dialysis. The enzyme produced from the previ-

ous steps was dialyzed against the same buffer (0.02 M

acetate of pH 5.0) for 24 h at 4�C and the buffer was

changed twice.

2.2.2.3. Gel filtration. The dialyzed enzyme was frac-

tionated on a Sephadex G-100 column of 1·50 cm. The

column was equilibrated and eluted with 0.02 M acetate
of pH 5.0. Elution was carried out at a flow rate of 20

ml/h and 3 ml fractions were collected manually. Ab-

sorbances at 280 nm and enzyme activity were measured

in all fractions using a spectrophotometer (Bausch and

Lomb spectronic 2000). The major active fractions were

collected and stored at )20�C for further analysis.

2.2.2.4. Determination of enzyme homogeneity. Poly-
acrylamide gel electrophoresis was used to monitor the

enzyme homogeneity as described by Davis (1964).

Crude and purified enzymes were mixed with 0.01 M

sodium phosphate buffer of pH 7.8 and dialyzed over-

night at 4�C against the same buffer. The electrophoresis

was performed in 0.01 M sodium phosphate buffer of

pH 7.8 at a constant current of 3 ma/tube for 3 h. The

gels were stained with 0.5% Amido Black in 7.5% acetic
acid for 30 min. Destaining was done in 7.5% acetic acid

to remove the free dye.

2.2.2.5. Determination of the molecular weight. Sodium

dodecyl sulphate Polyacrylamide gel electrophoresis was

carried out to determine the molecular weight of purified

enzyme using the method of Kem�eny et al. (1989).

Samples were prepared by mixing the purified enzyme
extract with distilled water containing 0.062 M Tris,

4% sodium dodecyl sulphate, 10% glycerol, 1.5% b-
mercaptoethanol and 0.002% bromophenol blue (pH
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6.8). Polyacrylamide gels (monomer 8.33% concentra-

tion) in vertical gel tubes containing 0.15% SDS and

0.375 M Tris were prepared. The running buffer con-

tained 3.03 g Tris, 14.42 g glycine and 1 g SDS per litre.

Then, 100 ll of samples were applied on to the gel
surface and fractionated for 3 h at 300 V under refrig-

eration. The gel was stained overnight in 25 mg Coo-

massie Brilliant Blue-R 250 in trichloroacetic acid,

distilled water, methanol and acetic acid (5.8: 72: 18: 6,

w/v/v/v), then destained in distilled water; methanol and

acetic acid (134: 58: 10, v/v/v). Standard protein cali-

brants, i.e. phosphorylase b (92,500), bovine serum

albumin (66,200), ovalbumin (45,000), carbonic anhy-
drase (31,000), kuntize soybean trypsin inhibitor

(21,000), were used as molecular weight markers. The

relative mobilities were calculated and plotted against

the molecular weight logarithm for calculating the mo-

lecular weight of proteins.

2.3. Assay of protease activity

The acidic protease activity was determined as de-

scribed by Anson and Mirsky (1932) using 2% haemo-

globin at pH 2 and 30�C. The pepsin unit (PU) were

calculated from the initial slope of the A 280 nm time

course of the TCA soluble product, as the amount of

enzyme that produces an A 280 nm increase of 0.0042

per min per ml of reaction mixture.

2.4. Protein content

Protein content was determined by the method of

Lowry, Resebrough, Far and Randell (1951) using bo-

vine serum albumin as standard.

2.5. Enzyme kinetic methods

2.5.1. pH optima

The pH optimum of the protease enzyme was deter-

mined by preparing the haemoglobin substrate in vari-

ous buffer solutions (0.2 M HCl–KCl buffer of pH 2.0,

0.2 M citrate phosphate buffer of pH 3–7 and 0.2 M

Tris–HCl buffer of pH 7–11) and applying the enzyme

extract to the substrate to assay the enzyme activity.
Table 1

Purification steps of the acidic protease from Bolti

Purification steps Total volume

(ml)

Total activity

(U)

Crude extract 1000 1960

Ammonium sulphate (40–60%) 60 823

Dialysis 60 802

Gel filtration 18 238

Specific
Total activity Uð Þ
Total protein mgð Þ %Recovery ¼ Total activity

Total activity of crude extract
� 100 Purificati
2.5.2. pH stability

The influence of pH on the stability of the protease

was determined by pre-incubating the enzyme in the

above mentioned buffer solutions for 30 min at room

temperature (25±1�C) then determined the remaining
activity.

2.5.3. Temperature optima

The influence of temperature on the activity of the

acidic protease was determined at various temperature

intervals (10–80�C).

2.5.4. Thermostability

The enzyme solution was incubated at various tem-

peratures (50, 60, 70 and 80�C) for 30, 60, 90 and 120

min, then cooled rapidly in an ice bath for 5 min and the

residual activity assayed.

2.5.5. Determination of Km and Vmax

Km and Vmax of the acidic enzyme were determined

using haemoglobin as a substrate at different concen-
trations (2.5, 5, 7.5 and 10 mg/ ml) and calculated as

described by the Lineweaver–Burke (1934) method.

2.5.6. Inhibitors and activators

The effects of some inhibitors, such as soybean

trypsin inhibitor and ethylenediaminetetraacetic acid, as

well as activators, such as CaCl2 and NaCl at different

concentrations (10, 20, 30, 40 and 50 mM), on the en-
zyme activity were determined by pre-incubation with

the substrates for 10 min at the optimum temperature of

enzyme. The enzyme was added and the activity was

determined as described above. Inhibition and activa-

tion of enzyme activity were expressed as a percentage of

the activity without modifiers.
3. Results and discussion

3.1. Purification of the acidic protease

‘The purification steps, protein concentration, specific

activity and yield of acidic protease are shown in Table 1.

The specific activity and purification fold were 0.25
Total protein

(mg)

Specific activity

(U/mg protein)

Recovery

(%)

Purification

fold

32660 0.06 100 1.00

3292 0.25 42 4.16

3084 0.26 41 4.33

216 1.10 12 18.3

on-fold ¼ Specific activity
Specific activity of crude extract

.



Fig. 2. Homogeneity test of the acidic protease of bolti as determined

by polyacrylamide gel electrophoresis. 1. Crude extract. 2. Purification

by ammonium sulphate (40–60%). 3. Purification by gel filtration.

36 A.E. El-Beltagy et al. / Food Chemistry 86 (2004) 33–39
U/mg protein and 4.16, respectively, when 40–60% am-

monium sulfate used.

The collected precipitate from the previous step was

dissolved in 0.02 M acetate buffer of pH 5.0 and dialyzed

against the same buffer for 24 h at 4�C. The dialysis step
increased the specific activity from 0.25 to 0.26 and

purification fold from 4.16 to 4.33 (Table 1). Rak-

sakulthai and Haard (1999) reported that dialysis of

amino peptidase crude extract (from Squid hepatopan-

creas) increased the purification fold from 2.08 to 4.6.

The dialyzed enzymes were further purified by ap-

plying 1 ml of the dialyzate to a Sephadex G-100 column

(1·50 cm) and eluted with 0.02 M acetate buffer of pH 5.
Fig. 1 illustrates the fractionation pattern of partial

purified acidic protease by gel filtration chromatogra-

phy. Only one peak was obtained at an elution volume

of 24–39 ml and Ve/Vo of 1.98. This active peak has a

high specific activity (1.10 U/mg protein) and purifica-

tion fold (18.3), as shown in Table 1.

The homogeneity of the acidic protease during pu-

rification steps is illustrated in Fig. 2. The resulting
solution, after ammonium sulfate purification and di-

alysis, was still not homogeneous, while the poly-

acrylamide gel electrophoresis pattern of pure acidic

protease eluted by column chromatography revealed

only one band; this result proved that the enzyme is

quite homogeneous.

The molecular weight of the acidic protease eluted

by column chromatography was determined using so-
dium dodecyl sulfate polyacrylamide gel electrophore-

sis. There was a single and destained protein band with
Fig. 1. Gel filtration pattern of the acidic protease of bolti on Sephadex

G-100.

Fig. 3. SDS–PAGE pattern of pure acidic bolti protease. 1. Standard

proteins. 2. Pure acidic protease.
Rf corresponding to a molecular weight of 31,000

Dalton (Fig. 3). Lopez-Liorca (1990) reported that the

acidic protease had a molecular weight around 32,000

Dalton.



Fig. 5. pH stability of the acidic protease of bolti.
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3.2. Enzyme kinetics

3.2.1. pH optima

The partially purified acidic protease had the highest

activity at pH 2.5 and it then decreased with increasing
of pH (Fig. 4). Over pH 4, more than 50% of the relative

activity was lost and no activity was detected at pH 8.

The optimum pH for the hydrolysis of haemoglobin by

partially purified Polar cod pepsin was found to be 3.2 at

30�C and 2.5 at 5�C (Haard et al., 1982); also crude

pepsin had a broad optimum of pH 2–3 at 28�C.

3.2.2. pH stability

Fig. 5 illustrates pH stability of the acidic protease.

The acidic protease retained more than 90% of its ori-

ginal activity in the pH range 2–5 and then decreased

with increasing pH and reached its lowest relative ac-

tivity at pH 11 (7%). These data clearly indicate that the

acidic protease was most stable in the pH range 2–6 and

least stable within the pH range 7–11. The instability of

acidic proteases towards the alkaline pH region con-
trasts with the behaviour of gastric protease of many of

the lower vertebrate species (Yamamoto, 1975). Gener-

ally, these data are in agreement with that reported by

Squires et al. (1986a) for Green land Cod gastric pro-

tease and Ibrahim (1994) for bolti acidic proteases.

3.2.3. Temperature optima

Fig. 6 illustrates the influence of different tempera-
tures on the acidic protease activity. The relative activity

increased with increasing the temperature from 10 to

35�C and then decreased; however no activity was de-

tected at 70�C. Generally, these data are in agreement
Fig. 4. Effect of pH on the activity of the acidic protease of bolti.

Fig. 6. Effect of temperature on the activity of the acidic protease of

bolti.
with those reported by Simpson, Simpson, & Haard

(1990) and Dimes, Garcia-Carreno, & Haard (1994).

3.2.4. Thermostability

Thermostability of the acidic protease is shown in

Fig. 7. The acidic protease retained more than 50% of

its activity after heating at 50 and 60�C for 30 min, while
it lost 40.2% and 74.9% after heating at the same



Fig. 7. Effect of heating time on the stability of the acidic protease of

bolti.
Fig. 8. Influence of some inhibitors on the activity of the acidic pro-

tease of bolti.

Fig. 9. Influence of some activators on the activity of the acidic pro-

tease of bolti.
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temperature for 120 min. The enzyme lost all its activity

when heated at 70�C for 30 min. These results are in

agreement with those reported by Dimes et al. (1994)

and Garcia-Carre~no and Haard (1993).
The previous data support the idea that proteolytic

enzymes from bolti fish have unique thermal properties,

being more susceptible to thermal inactivation than

those of animals living at higher temperature (Osnes and

Mohar, 1985).

3.2.5. Determination of Km and Vmax

A straight line for acidic protease was obtained when
1/V · 10�1 was plotted as a function of 1/S · 10�1. The

vertical intercept is equal to 1/vmax being 0.45 and

the horizontal negative intercept was )1/Km being 1.3.

The Km and Vmax values of acidic protease were calcu-

lated as 0.77 mM and 2.22 mM/min, respectively. The

catalysis efficiency (Vmax/Km) was 2.88. These results are

higher than those reported by Ibrahim (1994) who re-

ported that Km and Vmax were 0.180 and 0.044 for crude
bolti acidic protease. However, they are lower than

those obtained by Arunchalam and Haard (1985), who

reported that Km and Vmax of Polar cod gastric protease

were 1.33 and 31.00, respectively.

3.2.6. Enzyme inhibitors

High inhibition percentages of total acidic protease

activity were obtained when the acidic protease was in-
cubated with 50 mM of both soybean trypsin inhibitor

or ethylenediaminetetraacetic acid (90.9% and 68.8%,

respectively), while they were 17.4% and 6.9%, respec-

tively, when 10 mM concentration was used (Fig. 8).

Generally, these data agree well with those reported by
Diaz-L�opez et al. (1998) for the acidic protease. Moyano

L�opez, Martinez Diaz, Diaz Lopez & Alarcon Lopez

(1999) reported that tilapia digestive proteases showed

great sensitivity to the protease inhibitor present in de-

fatted soybean since a high inhibition rate (nearly 40%)

was reached, even with very low concentration. The in

vitro information of inhibition of tilapia proteases does
not properly reflect what occurs in vivo, where other

factors could modify physiological response of fish (El-

Sayed, Martinez, & Moyano, 2000).
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3.2.7. Enzyme activators

The effects of various concentrations (10–50 mM) of

NaCl and CaCl2 on the activity of partiallly purified

acidic protease are shown inFig. 9. Presence of bothNaCl

andCaCl2 (10mM), in the reactionmixture, increased the
partially purified acidic protease activity by 20.5% and

31.2%, respectively. The activation percentage was in-

creased with increase of activator and reached 50.1% and

56.1% when 50 mM of both NaCl and CaCl2 were used.

These data are parallel to those reported byRaksakulthai

and Haard (1999) for squid aminopeptidase. Such results

are not quite in line with those of Squires, Haard, and

Felthame (1986b) who reported that porcine pepsin
showed slight inhibition at higher levels of NaCl, while

cod protease was unaffected by the presence of NaCl.

However, the protease activity of Green land Cod was

dramatically increased when NaCl was used.
4. Conclusion

The viscera of Bolti fish contained considerable

amounts of acidic proteases which can be used as dif-

ferent food processing aids, thereby contributing to re-

ducing the waste disposal problem. The obtained

enzyme had a molecular weight of about 31.00 kDa, pH

optimum of 2.5, temperature optimum 35�C, Km and

Vmax 0.77 and 2.22, respectively. The obtained crude

acidic protease characteristics are close to those reported
previously for acidic proteases of some marine fishes.
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