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Abstract—Effect of temperature on activities of proteinases in intestinal chyme and mucosa was
studied in three fish species (pike�perch, zope, roach) belonging to different ecological groups by
their nutrition type. There was revealed a significant difference of dependence of enzyme activities
in chyme on temperature in the benthophage, roach (a higher level of relative activity in the range of
lower temperatures and a wider zone of temperature optimum) as well as of values of apparent ener�
gy of activation of the protein hydrolysis process as compared with that in plankto� and ichtyophag�
es, zope and pike�perch, which indicates a significant effect of the enteral microbiota proteinases
and of nutrition objects on characteristics of hydrolases functioning in fish intestine.
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INTRODUCTION

Effects of temperature on activities of protein�
ases in the fish digestive tract has been studied since
the end of the XIX century. In the overwhelming
majority of works, the enzymes were studied in
mucosa of stomach and intestine (see review [1]).
It was suggested that identical enzymes functioned
in the cavity and on structures of the intestinal
mucosa. Hence, the temperature dependence of
proteinases catalyzing consecutive hydrolysis of
protein components of food and functioning in the
intestine cavity should be identical to that in mu�
cosa. However, after description of symbiont di�
gestion and induced autolysis, it has become clear
that characteristics of the process of hydrolysis of
the food protein components realizing the cavitary
digestion in animals from natural populations have
been virtually not studied. Especially difficult is
detection of ratio of contribution of enzymes of

consuments, victim, and enteral microbiota, as the
revealed activity of hydrolases in the latter much
depends on composition of the culture medium
(see review [2]). At the same time, the role of these
enzymes in consumers, victim, and enteral micro�
biota could be estimated indirectly by comparing
their temperature characteristics. Indeed, devel�
opment of methodical approaches based on study
of temperature dependence of enzymes with use
of brief incubation of the enzymatically active
preparations and substrates minimizing denatur�
ation of their protein globules is [3] has allowed
describing various characteristics of the same hy�
drolases in quite a few animals including fish. At
present the best studied are temperature charac�
teristics of enzymes of the carbohydrase chain and
proteases in the digestive tract mucosa, which pro�
vide depolymerization of carbohydrate and protein
components of food in fish [1, 2].

Whereas temperature characteristics of enzymes
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of mucosa of fish stomach and intestine are stud�
ied in sufficient detail, the data on temperature ef�
fects on enzyme systems of their potential victim
[2, 4], especially of enteral microbiota [5], are frag�
mentary. At the same time, when it had been
proved in the study of the higher vertebrates that
the enzymes of enteral microbiota play an essen�
tial role in the processes of digestion of the macro�
organism [6], the interest in characteristics of var�
ious hydrolases of fish digestive tract microflora in�
creased [2]. Until recently the greatest attention has
been paid to the composition of microbial com�
munity in digestive tract of sea and freshwater fish
species (see reviews [7–9]). Earlier the study of
temperature dependence of the chyme proteinase
activities that include those of the enzymes of con�
sument, victim, and microbiota as well as the com�
parison of this dependence to that in intestinal
mucosa has not been perormed.

The goal of this work was to study under the same
experimental conditions the temperature effect on
proteinase activities in intestinal chyme and mu�
cosa providing processes of cavitary and membrane
digestion in three species of freshwater bony fish
differing considerably in character of nutrition.

MATERIALS AND METHODS

Objects of study were the roach Rutilus rutilus L.
of 224 ± 42 g mass; the zope Abramis ballerus L. of
326 ± 29 g mass; the pike�perch Stizostedion lucio�
perca L. of 548 ± 52 mass. Homogenates of chyme
and intestinal mucosa were used as enzymatically
active preparations. The digestive tract was isolat�
ed from fish placed on ice bath glass, dried with
filter paper, cleaned of fat, and cut longitudinally.
Chyme was carefully collected using a special
scraper and a small glass spatula (5 mm); intesti�
nal mucosa was washed to remove remnants of
chyme with cold (3–5°C) Ringer’s solution for
poikilothermal animals (pH 7.4), then dried with
filter paper and removed with a plastic scraper. All
operations were done at cold. Proteinase activity
was determined by tyrosine concentration increase
at 0–70°C and pH 7.4 using Anson’s method [10]
with some modifications. Each point reflects the
results of 5 determinations minus background (the
tyrosine content in the initial homogenate). Casein
and hemoglobin prepared in the same Ringer’s

solution (10 g/l) were used as substrates. The in�
cubation of enzymatically active preparation and
substrate was performed for 30 min in special ther�
mostatically controlled cameras at constant stir�
ring. The activity was expressed as μmol tyrosine
formed for 1 min of incubation per 1 g of crude
tissue mass (μmol/(g min)). In some cases the rel�
ative activity of enzymes was calculated (% of the
maximal activity). Besides, the activation energy
values were determined from the temperature de�
pendence using Arrhenius’ graphical plot. The re�
sults were processed statistically using standard
software (Microsoft Office’97, Excel application).
Statistical significance of differences (at p < 0.05)
was estimated by using Student t�test for small sam�
ples.

RESULTS

Temperature dependence of proteinases in chyme
and mucosa of fish intestine at casein hydrolysis. The
sytudy of proteinase activity of intestinal mucosa
with casein as substrate in the wide temperature
range has allowed revealing essential differences
both in the enzymatic activity level and in the form
of curves of temperature dependence of the activ�
ity between the enzymes functioning in the cavity
(chyme) and the enzymes bound to intestinal mu�
cosa (Fig. 1). Thus, at 20°C the proteinase activity
level of intestinal mucosa at casein hydrolysis in
roach is 3.24 ± 0.09, in pike�perch—1.71 ± 0.03,
in zope—0.21 ± 0.03 μmol/(g min). At the same
temperature the proteinase activity in chyme of
roach amounts to 3.55 ± 0.11, of pike�perch—
2.62 ± 0.11, of zope—1.40 ± 0.18 μmol/(g min).
The temperature optimum of the enzymes in mu�
cosa of pike�perch and roach is near 50°C, in
zope—60°C. The relative proteinase activity at 0°C
varies from 1.3% in zope to 9.4% in pike�perch,
and in roach it is equal to 8.9% of the maximal ac�
tivity. In the postmaximal temperature range there
are even more marked differences in absolute and
relative activity values. At 70°C the relative pro�
teinase activity in roach amounts to 5.6, in zope—
46, in pike�perch—66.9%.

The pattern of curves of temperature depen�
dence of casein�hydrolyzing proteinases in chyme
of the carp family fish, especially of roach, consid�
erably differs from the above�described one. The
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temperature optimum of proteinases in all fish spe�
cies is equal to 50°C. However, the maximal activ�
ity zone is much wider in roach (30–60°C) than in
two other fish species. The value of relative activi�
ty at 0°C in zope amounts to 6.2, in pike�perch—
16.4, in roach—39.3% of the maximal activity. In
the postmaximal temperature range there are sig�
nificant differences in the absolute and relative
activity values. At 70°C the relative proteinase ac�
tivity in roach is equal to 88.0, in pike�perch—68.1,
in zope—40.6%.

Thus, the pattern of temperature dependence of
casein�hydrolyzing proteinases is different in in�

testinal chyme and mucosa of fish, which most
likely is due to different characteristics of the en�
zymes synthesized by fish pancreas as well to their
nutrition objects and enteral microbiota.

Temperature dependence of proteinases in chyme
and mucosa of fish intestine at hemoglobin hydroly�
sis. The study of proteinase activity of intestinal
mucosa using hemoglobin as substrate in the 0–
70°C range has also revealed differences in the en�
zymatic activity level and in the form of tempera�
ture dependence curves for chyme and intestine
mucosa (Fig. 2). Thus, the enzymatic activity lev�
el in the whole range of the studied temperatures is

Fig. 1. Effect of temperature (abscissa, °C) on protein�
ase activities of intestinal mucosa (a, b) and chyme (c,
d) of roaches, pike�perch, and zope at casein hydroly�
sis. Ordinate: (a), (c) enzymatic activity (μmol/(g min)),
(b), (d) activity of enzymes (% of the maximal activi�
ty). (1 ) Roach, (2 ) pike�perch, (3 ) zope.

Fig. 2. Effect of temperature (abscissa, °C) on protein�
ase activities of intestinal mucosa (a, b) and chyme (c,
d) of roaches, pike�perch, and zope at hemoglobin hy�
drolysis. Other designations as those in Fig. 1.
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lower than at casein hydrolysis. Indeed, at 20°C the
proteinase activity towards hemoglobin in intesti�
nal mucosa of zope is equal to 0.20 ± 0.01, of pike�
perch—0.40 ± 0.03, of roach —1.31 ± 0.05 μmol/
(g min). The proteinase activity at the same tem�
perature in chyme of pike�perch is equal to 0.40 ±
0.03, of zope—0.45 ± 0.02, of roach—2.36 ±
0.08 μmol/(g min). The temperature optimum of
enzymes in mucosa of pike�perch and roach is near
50, of zope—60°C. The relative proteinase activity
at 0°C varies from 6.5 to 12.9% of the maximal ac�
tivity. The difference in the absolute and relative
activity levels in postmaximal temperature range
is smaller than those for caseinelytic proteinases.

The curve of temperature dependence of pro�
teinase activity in chyme towards hemoglobin is
close to that towards casein. Despite the lower ab�
solute activities, the values of relative proteinase
activity of roach in the range of low temperatures
is very close to the above�described—41.2%. Even
greater similarity of the temperature dependence
is characteristic of zope: the relative activity at 0°C
is equal to 6.1% of the maximal activity. The tem�

perature optimum of proteinases in roach amounts
to 40°C, and the maximal activity zone is also very
wide (20–50°C). In zope and pike�perch the tem�
perature optimum of proteinases is 50°C. Essen�
tial similarity both in absolute and in relative val�
ues of the proteolytic activity is observed in the
postmaximal temperature range.

Thus, the character of temperature dependence
of proteinase activity towards hemoglobin in
chyme and mucosa of fish intestine is different,
which, on one hand, is due to different composi�
tion of the enzymes functioning in the cavity and
on structures of consument intestine envelope,
while, on the other,—by different composition of
enzymes in chyme that includes the enzymes syn�
thesized by fish pancreas, enteral microbiota. and
their nutrition objects.

Activation energy of enzymes. The data on appar�
ent Eact of the proteinases functioning in the intes�
tinal mucosa and chime indicated both some spe�
cies�specific differences in this value and its depen�
dence on temperature (see the table). Indeed, in the
range of physiological temperatures (0–30°C) the

Activation energies of the process of casein and hemoglobin hydrolysis by proteinases of chyme and mucosa in
intestine of fishes

Species

Activation energy in the given temperature range (°C)

mucosa chyme

0�10 10�30 30�50 0�10 10�30 30�50

Casein

Roach 12.4
51.8

12.4
51.8

1.9
8.0

  8.6
36.0

  2.8
11.7

  0.7*
29

Zope 12.5
52.3

12.5
52.3

   9.1*
38.0

15.3
64.0

12.3
51.5

  3.2
13.3

Pike�perch   9.1
38.0

  9.1
38.0

2.1
8.7

10.2
42.6

 8.2
34.2

1.7
7.1

Hemoglobin

Roach   9.5
39.1

  6.5
27.1

  6.5
27.1

  7.8
32.6

1.5
6.3

    1.5 **
6.3

Zope   6.2
26.0

  5.1
21.3

   5.1*
21.3

  9.8
41.0

 9.8
41.0

  9.8
41.0

Pike perch 10.8
45.1

  8.6
36.0

  8.6
36.0

   8.5
35.5

  8.5
35.5

  8.5
35.5

Note: The upper digits are kcal/mol, the lower—kJ/mol. One asterisk—the temperature range of 30�60°C, two—that of 30�
40°C.
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Eact values of proteinases of intestinal mucosa at
casein hydrolysis are close in roach and in zope.
However, in the range of higher temperatures, Eact
in zope is decreased 1.4 times, while in roach—
6.5 times. The change close to that for enzymes of
roach is characteristic of the enzymes of pike�perch;
however, the degree of the Eact value decrease in the
range of 30–50°C is lower (4.3 times). Thus, the
change of the Eact value at the temperature of 30°C
is characteristic of all species.

Hence, an increase of temperature leads in all
species to a decrease of this parameter value, the
degree of this decrease in roach and pike�perch
being considerably higher than in zope. The Eact
value for chyme proteinases is in most cases lower
than for the mucosal ones. Besides, it is to be not�
ed that the decrease of value of this parameter for
proteinases of roach in the 10–30°C range is more
pronounced in comparison with two other fish spe�
cies (3 and 1.2 times, respectively), and also lower
are Eact values for proteinases of roach in the whole
range of the studied temperatures.

Activation energy of the hemoglobin hydrolysis
process for mucosa and chyme enzymes in the 0–
10°C range, as a rule, is higher than in the range of
higher temperatures. A more expressed decrease
of this parameter in the range of higher tempera�
tures is characteristic of enzymes of the roach
chyme in comparison with the mucosa enzymes
(1.5 and 5.2 times, respectively). There are small�
er differences in the cases of mucosa and chyme
enzymes in zope and pike�perch. Thus, Eact val�
ues of the process of hemoglobin hydrolysis by
chyme enzymes in the range of low temperatures
are sufficiently close in all three species, but in the
range over 10°C, they are in roach 5.7 and 6.5 times
lower than in zope and pike�perch, respectively.

Thus, the apparent Eact values for proteinases of
intestinal mucosa in the case of casein hydrolysis,
as a rule, are higher than in the case of hemoglobin,
and lower for proteinases of chyme than for mucosa
enzymes. The lowest values of this parameter are
revealed in study of proteinases of the roach chyme.

DISCUSSION

The presented results inducate principal simi�
larity of temperature characteristics of proteinases
in intestinal mucosa of the studied fish species with

thoses obtained earlier when using natural sub�
strates [1]. Indeed, temperature optimum of the
serine proteinases functioning in intestinal mucosa
corresponds to 50 or 60°C, and relative activity in
the low temperature zone does not exceed 13%. At
the same time, characteristics of the serine protein�
ases obtained with use of synthetic substrates also
are close to those described in this work. Thus, the
maximal amidase and esterase activities of trypsin
in the cod Gadus morhua are observed at 55°C [11],
the temperature optimum of trypsin in the men�
haden herring Brevoortia spp and mullet Mugil spp
at hydrolysis of the benzoyl�DL�arginine�p�nitroa�
nilide characterizing amidase activity also corre�
sponds to 55°C [12]. The temperature optimum of
amidase activity of trypsin amounts to 60°C in
freshwater tambaqui Colossoma macropomum [13]
as well as in two sea species—mackerel Scomber
australasicus [14] and white croaker Micropogohi�
as furnieri [15] and to 65°C in Parona signata [16].
Higher values of the temperature optimum of pro�
teinases in zope that belongs, like roach, to the carp
family (Cyprinidae) are close to those in tropical
fish; this most likely is due to this fish species be�
longing to the Abramis genus whose representatives
are included in the Pontian�Caspian faunal com�
plex (roach is a representative of the boreal�plain
complex).

Besides, it is to be noted that despite similarity
of temperature characteristics of proteinases in in�
testinal mucosa and chyme the relative activity of
the latter in the range of low temperatures is some�
what higher. This could be due to several causes.
First of all, it is to note significant differences in
spectrum of the proteinases synthesized by diges�
tive system of fish, but functioning in mucosa and
chyme. In the former case, both pancreatic and the
proper intestinal enzymes are functioning, in the
latter—pancreatic proteinases are predominant [1,
6]. However, since the enzymatic activity was eval�
uated from tyrosine hydrolysis level, which implies
participation of dipeptidases, the obtained data
allow suggesting an important role of proteinases
of enteral microbiota and objects of fish nutrition
in temperature adaptations of the digestive tract
enzyme systems. Indeed, it has been shown earlier
that relative activity of enzymes of microbiota de�
sorbed from tegument of cestodes living in intes�
tine cavity of fish (pike, burbot) is significantly
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higher than that of proteinases of intestinal mu�
cosa in the same fish [5]. Besides, in invertebrate
animals, potential nutrition objects of roach and
zope, in the low temperature zone, the relative ac�
tivity of cathepsine D ensuring processes of the in�
duced autolysis is higher, while the Eact value is
lower than those of digestive hydrolases [4].

The obtained in this work Eact values of casein�
hydrolyzing proteinases of intestinal mucosa in the
zone of physiological temperatures, are higher in
“peaceful” fishes than in the ichthiophage pike�
perch; this agrees well the data [1] indicating adap�
tive changes in the enzyme characteristics in pred�
ator fish feeding in the winter season. At the same
time, in the systematically close fish (the Pacific
halibut Hippoglossus stenolepis and the great floun�
der Platichthys stellatus) the Eact value is approxi�
mately twice lower in the 0–10°C than in the 10–
20°C zone, regardless of the type of nutrition [17].
However, a special attention is deserved by the much
lower Eact values of the process of hydrolysis of pro�
teins by enzymes of roach chyme, including that at
the temperatures over 10°C, which indicates the
higher efficacy of this process in the intestine cavi�
ty, than in mucosa. Besides, the obtained data con�
firm the suggestion that the revealed differences in
the Eact values are due to the presence of enzymes
of victim and symbiotic microflora in the intestine
cavity. The activation energy of the process of hy�
drolysis of synthetic substrates (methyl ester of to�
syl�arginine and benzoylarginine nitroanilide) by
mucosal trypsin of cold�loving cod in the zone of
physiological temperatures amounts to 31.8 and 37.6
kJ/mol or 7.6 and 9.0 kcal/mol, respectively [11],
while in the thermophilic hybrid of the Nile and blue
tilapia Tilapia nilotica/aurea—to 8.9 kcal/mol in the
20–30°C range [18]. These values are close to those
obtained at studying the process of casein hydroly�
sis by proteinases of pike�perch mucosa and indi�
cate the nutrition type to produce the greater effects
on the Eact value than the environmental tempera�
ture. Dependence of the temperature function and
of the Eact value on feeding type is well illustrated
by the data obtained in study of characteristics of
proteinases in the roach chyme. The adaptive mod�
ifications of these characteristics could be due to the
larger species diversity of microbiota in benthoph�
age roach in comparison with the microbiota in such
pelagic fish, as zope and pike�perch [19, 20].

Thus, the study of effect of temperature on pro�
teinase activity in chyme and mucosa of intestine
of fish belonging by the nutrition type to different
ecological groups has allowed us to reveal essential
differences of temperature sensitivity of the en�
zymes in chyme (the higher relative activity in the
zone of low temperatures and the wider zone of
temperature optimum) and in apparent Eаcт val�
ues of the protein hydrolysis process in the ben�
thophage roach than in the plankto� and ich�
thiophages (zope and pike�perch), which indicates
an essential effect of proteinases of enteral micro�
biota and nutrition objects on characteristics of the
hydrolases functioning in fish intestine.
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