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Abstract
Digestive proteases present in two sparids, seabream (Sparus aurata) and common dentex (Dentex dentex), have
been characterized using both biochemical and electrophoretic techniques. Although optimum pH and temperature
for maximum activity of both acid and alkaline proteases were similar in the two species, important differences
in total activity, as well as in thermal and pH stability were found. Specific inhibitors and SDS-PAGE zymograms
were used to clarify such differences. Evidences support the existence of a more active and complex protease set in
dentex. Results are discussed from the perspective of their application to the formulation of feeds for each species.

Introduction

Materials and methods

In recent years a number of studies designed to characterize digestive enzymes of aquatic organisms have
been performed. A detailed knowledge of the proteolytic enzyme activity that exists in captive species
is useful, both to ascertain the maximum periods for
their storage to avoid autolysis (Connell 1980), and
to develop practical applications for fish proteases in
the food industry (Raa 1990; Haard 1992). In cultured
fish, this approach may be helpful in the selection
of feed ingredients (Lan and Pan 1993), particularly
for newly cultured species, such as common dentex
(Dentex dentex), a sparid which is an alternative in the
diversification of Mediterranean fish farming. In the
present work, several techniques, including the combination of specific inhibitors and SDS-PAGE, were
used to obtain information about digestive proteases
present in seabream (Sparus aurata) and common dentex. Characterization of the main enzymes involved in
the digestive process of both species revealed differences that may affect nutritional strategies utilized in
rearing each of them.

Enzymes, substrate, inhibitors and general reagents
used were: trypsins (Type IX from porcine pancreas
and; Type XX-S from Gadus morhua), chymotrypsin
(Type II from bovine pancreas), pancreatin (from
porcine pancreas), Nα-tosil-L-arginin methyl ester
(TAME), benzoyl-DL-arginin-p-nitroanilide (BAPNA),
N-benzoyl-L-tyrosine ethyl ester (BTEE), phenylmethylsulfonyl fluoride (PMSF), soybean trypsin inhibitor (SBTI), N-tosyl-L-phenyl-chloromethyl ketone (TPCK), N-CBZ-L-phenylchlo-romethyl ketone
(ZPCK), Nα-p-tosyl-L-lysin chloro-methyl ketone
(TLCK), hemoglobin, tris(hydroxyme-thyl) aminomethane base, ethylendiamine tetra acetate (EDTA) and
ethylene glycol bis(β-aminoethyl ether) N,N0 -tetra acetate (EGTA) from Sigma Química (Madrid, Spain).
Hammerstein grade casein, pepstatin A and chymostatin (CHYM) were purchased from ICN Biomedicals,
Inc. (Costa Mesa, CA). Electrophoresis chambers and
reagents from Bio-Rad (Richmond, CA). Molecular
mass protein standard (MWM) for electrophoresis was
obtained from Pharmacia Biotech (Uppsala, Sweden).
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Live specimens of seabream (bodyweight 25 to
40 g) were provided by a local fish farmer (FRAMAR
S.L.; Almería, Spain). Common dentex (bodyweight
25 to 50 g) were obtained from the facilities of the Instituto Español de Oceanografía in Mazarrón (Murcia,
Spain). Seabream were fed on a commercial diet (45%
protein) whereas the dentex were fed on a mixed diet
including moist feed and raw fish.
After sacrificing specimens by submersing them
in cold water (4 ◦ C), the digestive tract was removed
and dissected into the stomach and pyloric caecum
region. Samples of stomach were homogenized in distilled water (1:10 w/v) and portions containing pyloric
caeca and proximal gut were homogenized (100 mg
ml−1 ) in cold 50 mM Tris-HCl buffer, pH 7.5. Supernatants obtained after centrifugation (16,000 × g for
30 min at 4 ◦ C) were stored at –20 ◦ C being further
utilized for enzyme analysis. Concentration of soluble
protein in pooled samples was determined by Bradford
method using bovine serum albumin (1 mg ml−1 ) as a
standard.
Alkaline proteinase activity of the extracts was
measured using the casein method of Kunitz (1947)
as modified by Walter (1984), using substrate casein (0.5%) in 50 mM Tris/HCl buffer, pH 9.0.
Acid proteinase activity was evaluated according to
Anson (1938) using 0.5% haemoglobin in 0.1 mM
glycine/HCl, pH 2.0. The mixtures were incubated
for 30 min at 25 ◦ C and the reaction was stopped by
adding 0.5 ml of 20% TCA. The absorbance of the
soluble TCA peptides was measured at 280 nm. Commercial enzymes used as reference were prepared as
1 mg ml−1 solutions with the exception of cod trypsin
(5 mg ml−1 ) and diluted to reach a linear 1ABS280nm
of nearly 0.5 after 30 min. One unit of enzyme activity
was defined as 1 µg of tyrosine released per min, using
the extinction coefficient for tyrosine= 0.005 ml µg−1
cm−1 . All measurements were carried out in triplicate.
The amidase activity of alkaline proteases (trypsin
amidase activity) was assayed at 37 ◦ C according
to Erlanger et al. (1961) using BAPNA as substrate
(10mM in DMSO) and 50 mM Tris-HCl buffer, pH
8.2, containing 10 mM CaCl2, . The reaction was
stopped by adding acetic acid. One unit of enzyme
activity was defined as 1 µmol of p-nitroaniline released per min, using an extinction coefficient of
8800 cm−1 M−1 . The esterase activity of the extracts was evaluated at 25 ◦ C as described by Hummel (1959) using 1mM TAME in 46 mM Tris-HCl
buffer pH 8.1, containing 11 mM CaCl2 . One unit
of enzyme activity was defined as 1 µmol of TAME

hydrolyzed per min, using an extinction coefficient
of 540 cm−1 M−1 . Spectrophotometric determination
of chymotrypsin activity in extracts was performed
according to Ásgeirsson and Bjarnason (1991) monitoring the hydrolysis of BTEE at 256 nm (5mM in
44.4 mM Tris with 55.5 mM CaCl2 , pH 7.8 at 25 ◦ C).
One unit of enzyme activity was defined as 1 µmol of
BTEE hydrolyzed per min, using an extinction coefficient of 964 cm−1 M−1 . All assays were performed in
triplicate.
The optimal pH for protease activities was determined using Universal Buffer (Stauffer 1989) ranging
from 1.0 to 5.5 (acid proteases) and from 2 to 11.5
(alkaline proteases). The effect of pH on stability of
proteases was determined by preincubation of extracts
at different pH for 60 min, prior to assaying the residual proteinase activity using casein/haemoglobin as
the substrate. The optimal temperatures for acid and
alkaline proteases were determined by incubating enzyme extracts (30 min in 50 mM Tris Hcl buffer, pH
9.0) with either hemoglobin or casein pre-equilibrated
at temperatures ranging from 10–70 ◦ C. The effect of
temperature on the stability of protease activity was
tested by preincubation of extracts at different temperatures for 60 min followed by measurement of residual
activity as previously described.
The Michaelis-Menten constant (Kmapp ) and maximal velocity (Vapp max ) were determined in pyloric
caeca extracts of seabream, using specific substrates
for trypsin and chymotrypsin (hemoglobin for acid
proteases). The ‘physiological efficiency’ was calculated as defined by Pollock (1965) and Fullbrook
(1983), using Vmax/Km. The activation energy (Ea)
was obtained from slopes in Arrhenius plots (slope =
-Ea/R), which were constructed measuring activity at
5 ◦ C intervals from 25 to 45 ◦ C for trypsin and chymotrypsin activities of pyloric caeca extracts and 10 to
45 ◦ C for acid activity in stomach extracts.
The protease classes were determined using standard inhibitors, following the methods described by
Dunn (1989) and García-Carreño (1992). The enzyme
extract (20 µl) was mixed with 0.5 ml of 100 mM
Tris-HCl, 10 mM CaCl2 buffer, pH 9 and 10 µl of
different inhibitors and incubated for 60 min at 25 ◦ C.
The mixture was assayed for protease activity as detailed previously. The assay included internal controls
for inhibition of solvents and enzyme. Control enzymes were assayed using 50 mM Tris-HCl, 20 mM
CaCl2 buffer, pH 7.5; the percentage inhibition was
established based on activity without the inhibitor.
SDS-PAGE of the proteins in the enzyme prepara-
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tions was carried out according to Laemmli (1970),
using 11% polyacrylamide and 8 × 10 × 0.075 cm
gels. Five µl of molecular weight marker (MWM)
were loaded on each plate. Preparation of samples and
zymograms of proteinase activities were done according to García-Carreño et al. (1993). The amount of
protein sample applied was 10 µg in all cases. Electrophoresis was carried out for 60 min at a constant
voltage of 100 V per gel at 5 ◦ C. After electrophoresis, gels were washed and incubated for 30 min at
5 ◦ C in 0,5% casein Hammerstein, pH 9.0. Then, they
were transferred for 90 min to the same solution at
25 ◦ C without agitation. Finally, gels were washed
and fixed in 12% TCA, prior to staining with 0.1%
Coomassie brilliant blue (R-250) in methanol-acetic
acid-water (50:20:50). Destaining was carried out in
methanol-acetic acid-water (35:10:55).
Characterization of protease types in zymograms
following SDS-PAGE separation by using specific inhibitors was done according to García-Carreño and
Haard (1993). Fourty µl of the extracts were mixed
with 10 µl of inhibitor stock solutions (Table 5) and
incubated for 1 h at 25 ◦ C, mixed (1:1) with buffer, and
25 µl of the final solution was loaded on SDS-PAGE
plates. Extracts incubated without inhibitor, commercial pure trypsins (bovine, cod) and chymotrypsin
(bovine), were used as controls. Electrophoresis and
zymograms were carried out as described above. After electrophoresis, gels were washed for 15 min with
50 mM Tris-HCl buffer, pH 9.0, at room temperature,
before incubation with the substrate (casein).
Electrophoresis of fish aspartic (acid) proteinases
was carried out by non-dissociating discontinuous
PAGE. The standard method consisted of a stacking gel at 4% polyacrylamide (PAA) in 0.1 M
Tris/phosphate, pH 5,5, a resolving gel at 13% PAA
in 0.07 M Tris/HCl, pH 7.5, and 5 mM Tris, 0.62 m
glycine electrode buffer, pH 7.0. Samples were prepared by mixing crude extracts with the same volume
of sample buffer (stacking buffers diluted with water
(1:2) containing 10% glycerol and 0.01% methylene
blue). Electrophoresis was carried at constant voltage
(100 V per gel) and 4 ◦ C. After electrophoresis gels
were soaked in: 1) 0.1 M HCl for 15 min; 2) 0.2%
haemoglobin in 0.1 M Gly/HCl, pH 2.0 for 30 min at
4 ◦ C, and for 90 min at 37 ◦ C, and 3) distilled water. Staining was carried out as previously described.
Characterization of protease type in zymograms using
specific inhibitors was done as detailed previously.

Table 1. Protease activity measured in stomach and
pyloric caeca extracts from seabream and dentex.
Specific activities of commercial enzymes are included for comparison. Data are the mean of three
determinations ± SD
Enzyme

Activity
(units mg−1 )

Porcine pepsin
Seabream stomach extract
Dentex stomach extract

3168 ± 110
740 ± 80
894 ± 59

Porcine trypsin
Bovine chymotrypsin
Porcine pancreatin
Cod trypsin
Seabream pyloric caeca extract
Dentex pyloric caeca extract

1426 ± 78
561 ± 59
549 ± 50
60 ± 3
40 ± 6
57 ± 11

Results
Total proteolytic activities measured in stomach and
pyloric caeca extracts of both sparids, as well as in
different purified animal proteases are shown in Table
1. They were high (particularly in the case of acid
proteases) when compared to those obtained using
commercial fish enzymes, considering that determinations were carried out using non purified extracts. Protease activity measured in dentex extracts was greater
than that found in seabream preparations (17 and 42%
higher, respectively).
The optimum pH range for protease activities in
both species is shown in Fig. 1. Optimum activity of
acid proteases was measured at pH 2–2.5, decreased
at a higher pH and almost disappeared at pH 5.0.
Alkaline protease activity in both sparids was maintained over a wider pH range (5–11) and showed a
well-defined optimum at pH 10.0. Determination of
residual activity of proteases after incubation at different pH was used as a measure of their stability
(Table 2a). These results indicated a greater resistance
of acid proteases in dentex to alkalization, since they
retained 80% activity after 1 h of incubation at pH
9.0, whereas the activity of seabream acid proteases
was reduced to a half under such conditions. The
pH-stability of alkaline proteases in both sparids was
similar, which retained 90–100% activity over a 5–
12 pH range, but they were decreased in a more acid
environment (pH 2.0).

fi665.tex; 13/10/1998; 17:09; p.3

260

Figure 1. Effect of pH on protease activity in stomach and pyloric ceca extracts of Sparus aurata and Dentex dentex. Data are mean of triplicate
determinations.

Figure 2. Effect of temperature on protease activity in stomach and pyloric ceca extracts of Sparus aurata and Dentex dentex. Data are mean
of triplicate determinations.
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Table 2a. Percentage of protease activity in stomach and pyloric ceca extracts of seabream and dentex retained after 60 min
incubation at different pH

pH

S. aurata
Stomach

Pyloric ceca

D. dentex
Stomach

Pyloric ceca

2
5
7
9
12

100
100
100
55
10

20
90
90
100
100

110
90
90
80
0

20
100
100
100
100

Table 2b. Percentage of protease activity in stomach and pyloric
ceca extracts of seabream and dentex retained after 60 min incubation at different temperatures. Activity measured at 25 ◦ C without
preincubation was used as a reference

T (◦ C)

S. aurata
Stomach

Pyloric ceca

D. dentex
Stomach

Pyloric ceca

30
40
50
60

100
100
90
50

110
100
45
3

100
80
40
0

100
75
45
2

Optimum temperatures for acid and alkaline protease activity in both species were 40 ◦ C and 50–
55 ◦ C, respectively (Figure 2). Seabream acid proteases proved to be highly resistant to heating, retaining 90% of their activity after 60 min incubation at 50 ◦ C (Table 2b). In contrast, the activity
of dentex acid proteases was significantly affected
by incubation at temperatures over 40 ◦ C. Alkaline
proteases, present in both species, were more heat
sensitivity, retaining less than 40% of activity after
incubation at 50 ◦ C. Assays performed using seabream
extracts showed marked differences in thermal stability of the two main intestinal proteases in this species.
Chymotrypsin-like proteases were reduced in activity by 25% at 40 ◦ C and denatured at 50 ◦ C, while
trypsin-like proteases remained completely active at
this temperature, even retaining a 10% of activity at
60 ◦ C (Figure 3). Kinetic parameters and theoretically calculated energy of activation for both types of
proteases are summarized in Table 3.
Zymograms, performed using stomach extracts of
both sparids, are shown in Figure 4. Two bands, representing the major protease activity, (Rf = 0.811 and
Rf = 0.666), were evident in extracts obtained from
both species. The first band was better defined in

Figure 3. Effect of temperature on the stability of trypsin and
chymotrypsin activities in seabream pyloric ceca extracts.

seabream and the second in dentex. Additional bands,
showing different electromobility in each species,
were also identified. Zymograms performed on intestinal extracts are shown in Fig. 5. More proteases were
found in dentex as seen in the greater number of caseinolytic bands. In seabream extracts, 5 active bands
were observed in the range of 24.5–90 kDa, while 8
active bands, ranging from 24.5 to 69.5 kDa, were seen
in dentex extracts.
Acid protease classes present in stomach extracts
of both sparids following the use of several specific
inhibitors are shown in Table 4. Both sparids showed
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Figure 4. Substrate – PAGE of acid proteinases in stomach homogenates. Sparus aurata: lanes 1, 3 and 4 = crude extract; lane 2
= inhibition with pepstatin A. Dentex dentex: lanes 5 and 6 = crude
extracts; lane 7 = inhibition with pepstatin A. Lanes 1 to 3 in 12%
polyacrylamide (PAA) gels. Lanes 4 to 7 in 15% PAA.gels.

Table 3. Summary of apparent kinetics parameters calculated for
alkaline proteases in seabream. Data are the mean of three determinations ± SD
Vmax
(U mg−1 )

Km
(mM)

Vmax Km−1
(Kcal mol−1 )

Ea

Substrate
Hemoglobin
(Pepsin)
TAME
(Trypsin)
BAPNA
(Trypsin)
BTEE
(Chym.)
Casein
Alk. protease

820
(12.9)
0.962
(0.0322)
0.060
(0.002)
3.062
(0.134)
40.160
(6.330)

0.031
(0.002)
0.132
(0.02)
0.125
(0.013)
0.140
(0.025)

26451

9.13

7.3

10.9

0.48

–

22

9.23

–

–

–

a similar response to inhibitors compared with that
of porcine pepsin, being almost completely inhibited
by pepstatin A (specific inhibitor for aspartic proteases). This inhibition was also confirmed by the
disappearance of bands in zymograms (Figure 4). The
characterization of alkaline proteases by the use of
inhibitors is summarized in Table 5. Protease activity was found to be mainly due to serine proteases in
both species (50% approx.), but trypsin (sensitive to
TLCK) was better represented in seabream extracts,
whereas chymotrypsin (sensitive to TPCK and ZPCK)
was mainly evident in dentex extracts. The presence of
chelant-sensitive proteases was also detected in both
species. Zymograms of alkaline proteases obtained using the same inhibitors are shown in Figure 6. Two
major groups of caseinolytic bands were identified
in both species based on their response to inhibition.
Proteases (28–42 kDa) were sensitive to TLCK (chymotrypsin), whereas higher molecular weight forms
(42 kDa) were sensitive to ZPCK (trypsin). Generally
speaking, inhibition of proteases detected in dentex
extracts was less specific than that found in seabream
extracts, since a high residual activity in bands of 69.5,
61.5 and 56 kDa was found. On the other hand, higher
dentex sensitivity to proteases (mainly of trypsin type)
to inhibition by EDTA was found when compared to
seabream (Figure 6, lane 8).

Discussion

Table 4. Characterization of acid proteases present in stomach
extracts of sea bream and dentex, using specific inhibitors
Percentage of inhibition
Inhibitor

Seabream

Dentex

Enzyme control
Porcine
pepsin

PMSF
SBTI
Pepstatin A

7.0 ± 0.2
12.0 ± 0.3
99.0 ± 1.0

9.2 ± 4.3
7.0 ± 0.5
99.0 ± 1.0

5.0 ± 0.1
10.0 ± 0.5
99.2 ± 0.5

Fish proteases have been the main objective of many
of studies, but it is difficult to compare the results obtained in different species because the data are affected
by the use of many different methodologies (Anson
1938; Barret 1972; Clark et al. 1986), the state of
feeding of experimental animals (fed fish; Kawai and
Ikeda 1971; Eshel et al. 1993; starved fish; Glass et
al. 1989; Dimes et al. 1994), and the type of enzyme
preparation (intestinal tissues alone; Benitez and Tiro
1982; Jonás et al. 1983; including in the extracts the
intestinal contents; Takii et al. 1985).
Currently, there is only one published study dealing with digestive proteases in the seabream (MunillaMorán and Saborido 1996), and there are none about
dentex. Measures on total protease activity, sensitivity
of the different proteases to variations in pH and temperature, and characterization of such activities by the
use of several techniques was considered a preliminary
step in order to design in vitro tests for the assessment
of protein digestibility in those species.
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Figure 5. Substrate – SDS – PAGE (10% PAA) of alkaline proteinases from pyloric caeca extracts and enzyme controls. Lane 1 = bovine
chymotrypsin, lane 2 = porcine trypsin, lane 3 = cod trypsin, lane 4 = Dentex dentex, lane 5= Sparus aurata and lane 6 = Molecular weight
markers (MWM): (a) phosphorylase b (94,000); (b) bovine albumin (67,000); (c) egg albumin (43,000); (d) carbonic anhydrase (30,000).
Table 5. Characterization of alkaline proteases present in seabream and dentex digestive extracts and control enzymes, using specific
inhibitors and casein as the substrate. Data shown are mean of 10 determinations ± SD. Enzymatic inhibition due to solvents never
exceeded 5%
Percentage of inhibition
Enzyme control
Cod
Porcine
trypsin
trypsin

Inhibitor

Class
proteases

Stock
concentration

Solvent

Seabream

Dentex

PMSF
SBTI
TLCK
CHYM
TPCK
ZPCK
EDTA
EGTA

serinserintrypsin-l
chymot.-l
chymot-l
chymot-l
metallometallo-

100 mM
250 µM
10 mM
5 mM
5 mM
10 mM
0.5 M
0.5 M

Ethanol
Water
HCl 1mM
DMSO
Ethanol
DMSO
Water
Water

24.3 ± 4.8
48.9 ± 6.3
16.8 ± 2.7
45.4 ± 6.7
19.5 ± 7.3
26.2 ± 5.4
33.6 ± 5.1
6.5 ± 0.5

44.5 ± 9.9
54 ± 2.8
93 ± 4.8
41.3 ± 8.9 50.5 ± 3.5 100
6.0 ± 4.7 2.2 ± 1.7
99 ± 1.4
40.5 ± 7.5 55.5 ± 4.9
54 ± 17
26.2 ± 8.9
31 ± 21.2
2 ± 2.8
36.1 ± 7.5
50 ± 17
3.5 ± 4.9
29.8 ± 7.7 39.5 ± 6.4
30
17.0 ± 5.6
14 ± 2.8
13

Acid proteolytic activity, carried out by an aspartic protease method closely resembling porcine pepsin
(Davies 1990), revealed, in zymograms, two bands
that could be identified as pepsin I (Rf = 0.666) and
pepsin II (Rf = 0.811). Such a polymorphism has
been previously described in other fish pepsins (Gildberg 1988). The pH profile of proteases present in
stomach extracts, showing an optimum activity at pH
2–3, closely resembled that previously reported in
freshwater fish such as rainbow trout (Oncorhynchus
mykiss) (Kitamikado and Tachido 1960); catfish (Silu-

Bovine
chymotrypsin

Thermolisin

100
97.5 ± 0.7
0
99.0 ± 1.4
97.5 ± 0.7
99.5 ± 0.7
99.5 ± 0.7
7.0 ± 0.1

11.7 ± 3.3
2 ± 1.4
8.5 ± 9.3
6.5 ± 4.9
2
14 ± 7.1
100
100

ris glanis) (Jonas et al. 1983), tilapia (Oreochromis
sp.) (Yamada et al. 1993), sole (Solea solea), turbot
(Scophtalmus maximus), halibut (Hippoglossus hippoglossus) (Glass et al. 1989), or seabass (Dicentrarchus
labrex) (Eshel et al. 1993). In both sparids, acid proteases retained 100% activity after a 1 h incubation at
pH 5.0 or 7.0. This unusual stability of fish acid proteases may be related to their amino acid pattern, with
a high proportion of basic residues compared with
those of mammals. Considering both the increases in
stomach pH resulting from food and water ingestion
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Figure 6. Substrate – SDS – PAGE (10% PAA) of pyloric caeca extracts of A) Sparus aurata and B) Dentex dentex, treated with different
specific inhibitors. MWM is the same detailed in the previous figure. Extracts were mixed with the inhibitors indicated in the lanes. Lane 1 =
MWM, lane 2 = control without inhibitor, lane 3 = PMSF, lane 4 = SBTI, lane 5 = TLCK, lane 6 = TPCK, lane 7 = ZPCK and lane 8 = EDTA.

determined in different fish species (4.3 in seabass
(Eshel et al. 1993), 5.2 in eel (Anguilla japonica)
(Takii et al. 1985), or around 4.0 in yellowtail (Seriola
dumerilli) (Caruso and Genovese 1992), and the need
of a suitable pH for the activity of acid proteases, it
may be concluded that acid proteolysis will not occur
until secretion of acid is sufficient to decrease stomach pH. The pH stability of seabream or dentex acid
proteases is a good adaptation permitting complete
protein digestion.
High alkaline protease activity was detected in
both sparid species when compared with activities
of cod trypsin (Table 1). The pH of these pro-

teases showed an optimal resembling that of other
fish species, such as rainbow trout (Kristjansson and
Nielsen 1992; Kitamikado and Tachino 1960), seabass
(Eshel et al. 1993), milkfish (Chanos chanos) (Benitez
and Tiro 1982), mackerel (Scomber japonicas) (Pyeun
and Kim 1986), or flatfish (Glass et al. 1989). The
presence of two pH peaks (7.0 and 10.0) suggests the
existence of at least two major alkaline proteases in the
extract.
Contrary to the main feature of acid proteases, alkaline proteases in the two species were sensitive to
acid, and their activities were markedly reduced, almost to zero at pH 3.0. Munilla-Moran and Saborido
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(1996) remark on the existence of a clear peak of acid
activity in the intestine, but the authors suggest that
this may be an artifact. The authors suggest that the
pyloric caeca may be related to the need to retain feed
for the neutralization of acid secretion. However, they
suggest that the pyloric caeca are associated with the
storage of alkaline proteases until the acid bolus is
neutralized by other pancreatic secretions.
The effect of temperature on digestive protease activity in seabream and dentex is similar to that for
other fish species, such as cod (Boreogadus saida)
(Arunchalan and Haard 1985), tilapia (Oreochromis
niloticus) (Yamada et al. 1993), dogfish (Scyliorhinus canicula) (Guerard and Le Gal 1987), and rainbow trout (Torrisen 1984). A 10 ◦ C difference was
observed between maximum activities for acid and
alkaline protease activities (45 vs. 55 ◦ C). The most
relevant result, derived from curves in Figure 2, is
the greater specific activity of both acid and alkaline
proteases determined in dentex extracts, which is 1.5
to 2.5 times that measured in seabream extracts. Additionally, at 25 ◦ C, (a common temperature in Mediterranean fish farms) the differences were more marked,
particularly for alkaline proteases. Under such conditions, activity determined in dentex extracts was about
100 Umg−1 (one third of maximum possible activity)
but only 30 Umg−1 in seabream extracts (one sixth of
its maximum activity).
The optimum temperature for enzyme maximum
activity may be interesting for comparative studies,
but such data offer little about enzyme activity under physiological conditions. Thus, enzyme resistance
to denaturation after incubation at different temperatures may be more useful. Thermal stability of acid
proteases was greater than that observed in alkaline
proteases. After preincubation of stomach proteases
at 60 ◦ C for 1 h, 50% of total activity was retained,
whereas alkaline proteases was reduced to almost
zero. The incubation of seabream extracts in the presence of specific substrates showed clear differences in
thermal stability between chymotrypsin and trypsin;
after preheating at 50 ◦ C 100% of trypsin activity
was still present but no chymotrypsin were measured.
Thus, both alkaline proteases differ not only in their
substrate specificity but also in their structure. From
a biological viewpoint it is difficult to deduce any advantage for this fish in possessing proteases showing
different resistances to heating, since normal temperature of water rarely exceed 28 ◦ C, (a temperature
where both proteases show maximum activity). Nevertheless, from a biotechnological perspective, it may be

interesting to have information about active and easily
denaturalizable proteases potentially useful in the feed
industry (Haard 1992).
The calculated values of activation energy (apparent) (Ea) for acid and alkaline proteases of seabream
ranged from 9 to 11 kcal mol−1 . The Ea for seabream
intestinal proteases given by Munilla-Morán and Saborido (1996) were similar (12.9 kcal mol−1 ) to those
seen here but they suggest a ‘break-point’ at 20 ◦ C for
stomach protease, suggesting a lower ability to digest
protein in waters below this temperature (18.68 kcal
mol−1 vs. 3.04 kcal mol−1 ). We disagree with such
a conclusion since the former value of Ea determined
for stomach proteases is not congruent with the habitat
of the species, which is in the range of values described for cold water fish like polar cod (Boreogadus
saida), living in water at 1.5 to 2 ◦ C (2.9–3.2 kcal
mol−1 ; Arunchalam and Haard 1985) or salmon (3.5
kcal M−1 ; Norris and Elam 1940). The existence of
such a ‘break point’ should imply strange modifications in tertiary structure of the protease molecule or
not very probable alterations in the ionization states of
important groups.
Seabream alkaline proteases were studied by measuring variations in total activity in relation to larval
development (Moyano et al. 1996) and assessing the
role of endogenous (self produced) and exogenous
(present in zooplankton) proteases in larval ability to
digest food (Díaz et al. 1997). Comparison of results to
those obtained in the present paper, allows us to confirm the relative importance in adult fish of trypsin-like
proteases (50% of total activity) previously detected in
larval seabream extracts. There is a clear distinction
between the mechanisms of catalysis of mammalian
and fish proteases. Cod trypsin was not inhibited by
a specific enzyme inhibitor, TLCK, but a 50% reduction in activity was detected in the presence of ZPCK,
specific for chymotrypsin. Since a similar result was
obtained when crude extracts of seabream or dentex
were tested, it is suggested that only enzymes obtained
from taxonomically related groups should be used as
reference.
Although the type of proteases reported in the paper of Munilla-Morán and Saborido (1996) are similar
to the results shown here, levels of inhibition obtained for alkaline proteases in the present study, using
both biochemical assays and zymograms, were always
lower than those obtained by the aforementioned authors. For example, a high inhibition by EDTA of
both stomach and intestinal proteases (85 to 93%) was
found. This may be true for intestinal proteases but it
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is more difficult to understand in the case of pepsin, an
aspartic protease typically characterized by an action
mechanism independent of cations, and it is one of
the main reasons why we suggest that the combination of both specific inhibition assays and zymograms
are used. In dentex, the significant effect of EDTA on
trypsin proteases revealed a clear dependence of such
activity on divalent cations, being more relevant when
compared with seabream proteases. Three different
action mechanisms for dentex proteases are possible,
instead of the two found in seabream proteases, including a lower susceptibility of dentex proteases to
the different inhibitors existing in raw materials utilized as feed ingredients.
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