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The temperature dependence of casein- and hemoglobinlytic peptidases functioning in the whole organism of chironomid 
larvae Chironomus plumosus, food objects of adult benthophages and juvenile fish of various ecological groups, was studied 
within the temperature range of 0–70 ºС at different рН values (3.0, 5.0 and 7.4). The method of mixed samples was used to 
determine the activity and characteristics of enzymes. Homogenates of previously crushed and carefully mixed dozens of larvae 
were used as enzymatically active preparations. Activity of peptidases was assayed by the increase in tyrosine concentration using 
the Folin-Ciocalteu reagent. It is shown that the activity of peptidases that function in the tissues of chironomid larvae depends to a 
considerable extent on temperature and рН, but the pH has a smaller effect on the activity and the temperature dependence of 
casein- and hemoglobin-lytic peptidases than temperature. The temperature optimum of the studied peptidases of chironomid 
larvae corresponds to 40 ºС. The Q10 values in the zone of vital temperatures are slightly changed. They are, as a rule, increased in 
the zone of 30–40 ºС, and are sharply decreased in the zone of high temperatures. The values of activation energy of the process of 
hydrolysis of casein and hemoglobin in the zone of low and high temperatures are different. The Еact values of the process of 
hydrolysis of casein and hemoglobin at a temperature not exceeding 20 ºС are usually below those in the zone of higher 
temperatures (except for hemoglobin-lytic peptidases at pH 5.0). The data obtained indicate a significant effect of pH not only on 
the activity, but also on the temperature characteristics of peptidases that function in the body of chironomid larvae. Differences in 
the characteristics of casein- and hemoglobin-lytic peptidases in chironomid larvae at different temperatures and pH can influence 
the digestion in benthophages and fry of all fish species.  
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Introduction  
 

It is known that chironomid larvae play an important role in the 
trophic relations of hydrobionts (Gerasimov, 2015). In recent years, par-
ticular importance has been attached to the study of the characteristics of 
their digestive hydrolases, since the possibility of the contribution of 
prey enzymes to the processes of digestion of fish was demonstrated 
(Dabrowski & Glogowski, 1977; Lauff & Hofer, 1984; Munilla-Moran 
et al., 1990; Kuz’mina, 2008). The mechanism of induced autolysis plays 
an important role in this process (Kuz’mina, 2008, 2017). The magnitude 
of the contribution of food enzymes to the processes of fish digestion 
depends to a large extent on the species of consumer and prey, tempera-
ture and pH of the gastric and enteral media (Kuz’mina, 2008, 2017). 
When studying the temperature characteristics of peptidases of chyme 
and intestinal mucosa in a number of species of benthophages, as well as 
their potential prey, differences in the character of the curves of tempe-
rature dependence were revealed (Kuz’mina et al., 2015). In studying 
the pH dependence of the peptidases of chyme and intestinal mucosa of 
consumers, the whole body of their potential prey, as well as enteral and 
associated microbiota, differences were also found that are most signifi-
cant in the case of microflora (Kuz’mina et al., 2017).  

Since the majority of fish species are zoophagous (Gerking, 1994), 
most attention is usually paid to enzymes that hydrolyse the food prote-
ins, in studies evaluating the effectiveness of their feeding. The activity 
of trypsin-like and chymotrypsin-like peptidases in many species of 
marine crustacean (Dendinger, 1987; Fernández-Gimenez et al., 2001; 

Kumar et al., 2005; Navarrete del Toro et al., 2006) and molluscs (Reid & 
Rauchert, 1972; Serviere-Zaragoza et al., 1997) as well as other hydro-
bionts has been revealed. There is also information about the presence 
of leucine aminopeptidase, as well as carboxypeptidases A and B in a 
number of invertebrate species (Dendinger, 1987; Boetius & Felbeck, 
1995). However the activity of casein-lytic peptidases in a number of 
freshwater hydrobionts belonging to the Mollusca, Annelida and 
Arthropoda phyla (Kuz’mina, 1999) are 5–15 times lower than that of 
the intestinal mucosa of fish (Kuz’mina, 2008). At the same time, the 
cathepsins A, B, C, D, E and L are isolated from invertebrate tissues. 
In a number of crustaceans, cathepsin L is the main enzyme that breaks 
down proteins (Le Boulay et al., 1996; Butler et al., 2001; Teschke, Sa-
borowski, 2005; Hu & Leung, 2007). However, in the shrimp Pandalus 
borealis (Aoki et al., 2003) and the mollusc Tresus capax (Reid & Rau-
chert, 1976), cathepsin B plays a major role in the cleavage of the protein.  

In addition, it was found that the level of peptidase activity in the 
whole body of hydrobionts (total samples of zooplankton, amphipoda, 
chironomid larvae, oligochaeta and dreissena) and the associated micro-
biota largely depends on pH (Kuz’mina et al., 2017). Cysteine-like protease 
of the hepatic fluke Fasciola hepatica exhibited the highest proteolytic 
activity on casein at pH 5.5 and temperature of 35–40 °C (Hemici et al., 
2017). Information on the temperature characteristics of peptidases 
functioning in the whole body of potential prey of juvenile fish and 
adult benthophages living in freshwater bodies (Kuz’mina, 1999; Skvo-
rtsova et al., 2016) is rare. Information on the effect of pH on peptidase 
temperature characteristics in the whole body of potential fish prey is 
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exceptionally scarce (Skvortsova et al., 2016). The aim of the work is to 
study the temperature characteristics of peptidases that function in the 
whole body of chironomid larvae, the favourite prey of fish, at different 
pH values in vitro.  
 
Material and methods  
 

The research object was the chironomid larvae Chironomus plumo-
sus. The average weight of one larva was 7.5 mg. The method of mixed 
samples (Egorova et al., 1974) was used to determine the activity and 
characteristics of enzymes. Homogenates of previously crushed and 
carefully mixed dozens of larvae were used as enzymatically active 
preparations. All the operations were conducted in the cold. Aliquots of 
samples (0.5–1.0 g) were homogenized in a glass homogenizer with a 
small amount of Ringer’s solution for cold-blooded animals (103 mM 
NaCl, 1.9 mM KCl, 0.45 mM CaCl2, рН 3.0, 5.0 or 7.4) at a temperatu-
re of 2–4 °С. To fulfill this, the glass homogenizer had been placed in a 
glass with ice. The homogenate was further diluted with Ringer’s 
solution until the final dilution of 1 : 99.  

To assess the activity of peptidases in the whole organism of chiro-
nomid larvae, 0.5 ml of the homogenate and 0.5 ml of 1% substrate 
(casein or hemoglobin, рН 3.0, 5.0 or 7.4) prepared in the same 
Ringer’s solution was added to the tubes and the mixture was incubated 
for another 30 min in special thermostatted chambers. All the operations 
were carried out at the temperature range of 0–70 °С (0, 10, 20, 30, 40, 
50, 60 or 70 °C) and under continuous stirring. The activity of peptida-
ses (the activity of trypsin, EC 3.4.21.4, chymotrypsin, EC 3.4.21.1 and 
dipeptidases EC 3.4.13 or cathepsins, mainly cathepsin D, EC 3.4.23.5) 
was assessed by an increasing the tyrosine concentration using the 
Folin-Ciocalteu reagent (Anson, 1938). The level of enzyme activity 
was judged by the increment of reaction products per 1 minute of 
incubation of the substrate and the enzymatically active preparation, 
taking into account the background (the amount of tyrosine in the origi-
nal homogenate), calculating per 1 g of wet tissue weight, µmol/(g·min). 
The coloration intensity was assessed by means of a photocolorimeter 
(KFK-2) with a red light filter, λ = 670 nm. The enzyme activity was 
determined in 5 replications. The temperature coefficients (Q10) were 
calculated in the traditional way. The values of the activation energy 
were determined by the Arrhenius’ graphical method (according to the 
temperature dependence). The results are expressed as means ± SE. 
One-way ANOVA and Two-Way ANOVA were performed to inter-
pret the significance of the particular enzyme activity variations with the 
help of the F value.  
 
Results  
 

The temperature dependence of casein-lytic peptidases of the whole 
body of chironomid larvae at different pH values. The activity of casein-
lytic peptidases of all tissues of chironomid larvae on casein at standard 
temperature 20 °С and at рН 5.0 and 7.4 was significantly different: 
0.31 ± 0.01 and 0.81 ± 0.17 µmol/(g·min), respectively. The study of 
the peptidase activity at a wide temperature range made it possible to 
reveal the differences in the shape of the temperature dependence curves 
of casein-lytic peptidases that function at different рН values (Fig. 1). 
The relative activity of casein-lytic peptidases in the 0–30 °С zone at 5.0 
and 7.4 varied within the following values 21.3–37.9% and 11.7–28.4% 
of the maximal activity taken as 100, respectively.  

The highest pH effect on casein-lytic activity is observed at 10 and 
20 °С (Р < 0.05), at 30 °С it is somewhat lower. In the zone of post-
maximal temperatures the effect of pH is negligible (Table 1).  

The Two-Way ANOVA analysis of these data showed that the 
share of pH influence is 2.4% (P < 0.05), the share of temperature 
influence is 55.7% (P < 0.001), the share of temperature and pH 
influence is 4.8%. The influence of the substrate was not taken into 
account, since temperature dependence is traditionally determined when 
one substrate only is used.  

The temperature dependence of hemoglobin-lytic peptidases of the 
whole organism of chironomid larvae at different pH values. The acti-
vity of hemoglobin-lytic peptidases of all tissues of chironomid larvae at 

standard temperature 20 °С and at рН 3.0, 5.0 and 7.4 was 0.63 ± 0.23, 
1.03 ± 0.35 and 0.81 ± 0.08 µmol/(g·min), respectively. The study of 
the peptidase activity at a wide temperature range revealed differences 
in the shape of the temperature dependence curves of hemoglobin-lytic 
peptidases (Fig. 2). The relative activity of hemoglobin-lytic peptidases 
in the 0–30 °С range at рН 3.0, 5.0 and 7.4 varied within the following 
values: 20.6–46.6%, 25.4–72.5% and 23.9–63.6% of the maximal 
activity taken as 100, respectively.  
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Fig. 1. The temperature dependence of casein-lytic peptidases in the 

whole body of chironomid larvae at рН 7.4 (1) and рН 5.0 (2):  
on the abscissa axis – temperature (°С); on the ordinate axis:  

a – the enzyme activity (µmol/(g·min)), b – the relative enzyme activity 
(% of the maximum activity taken as 100)  

Table 1  
Statistical significance of differences for assessment of effects of 
pH values on casein-lytic peptidase activities in the whole body of 
chironomid larvae (One-Way ANOVA)  

рН Temperature 
0 °С 10 °С 20 °С 30 °С 40 °С 50 °С 60 °С 70 °С 

5.0 0.25 ± 
0.02 

0.30 ± 
0.03 

0.36 ± 
0.05 

0.46 ± 
0.06 

1.17 ± 
0.07 

0.25 ± 
0.12 

0.35 ± 
0.16 

0.29 ± 
0.14 

7.4 0.39 ± 
0.15 

0.47 ± 
0.05 

0.63 ± 
0.11 

0.94 ± 
0.25 

1.47 ± 
0.33 

0.39 ± 
0.26 

0.28 ± 
0.15 

0.12 ± 
0.09 

P 0.34 0.02* 0.04* 0.08 0.36 0.34 0.70 0.27 
Share of pH 
influence, % 11.6 53.3* 43.2* 34.4 10.8 11.6 1.9 15.2 

Note: the differences are significant at P < 0.05.  

There were no significant differences in the temperature dependen-
ce of hemoglobin-lytic activity at different pH values (Table 2). The 
Two-Way ANOVA analysis of these data showed that the share of pH 
influence is 0.5%, the share of temperature influence is 62.5%, the share 
of temperature and pH influence is 2.3%. The effect of temperature is 
significant only (P < 0.001).  

The temperature coefficients (Q10) of the peptidase activity of the 
whole body of chironomid larvae. The data on the temperature coeffici-
ents of the activity of peptidases of the whole body of chironomid larvae 
in a wide temperature range indicate that the Q10 values range from 1.1 
to 2.6 in the temperature range 0–40 °C. In most cases, the highest valu-
es of the index were detected in the range of 20–40 °С. These values 
were much lower than 1.0 in the post-maximal temperature zone (Table 1). 
The character of the dynamics of the peptidase Q10 values largely de-
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pends on the рН. So, for hemoglobin-lytic peptidases at рН 5.0 and 
casein-lytic peptidases at pH 7.4, the similar values of Q10 in the 0–40 °C 
range were observed. At other pH values, an almost twofold increase in 
the index was observed. It is important to note that in the temperature 
range of animal vital activity regardless of pH, in most cases, an increa-
se in the Q10 values of casein and hemoglobin-lytic peptidases from 10 
to 30 °С is characteristic.  
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Fig. 2. The temperature dependence of hemoglobin-lytic  
peptidases in the whole organism of chironomid larvae  

at рН 7.4 (1), 5.0 (2) and 3.0 (3): note, as in Figure 1  

Table 2  
Statistical significance of differences for assessment of effects  
of pH values on hemoglobin-lytic peptidase activities  
in whole body of chironomid larvae (One-Way ANOVA)  

рН Temperature 
0 °С 10 °С 20 °С 30 °С 40 °С 50 °С 60 °С 70 °С 

3.0 0.51 ± 
0.11 

0.55 ± 
0.13 

0.63 ± 
0.13 

1.06 ± 
0.26 

2.27 ± 
0.40 

0.98 ± 
0.21 

0.51 ± 
0.15 

0.35 ± 
0.08 

5.0 0.55 ± 
0.09 

0.65 ± 
0.15 

1.02 ± 
0.31 

1.53 ± 
0.45 

2.08 ± 
0.25 

1.25 ± 
0.19 

0.51 ± 
0.20 

0.16 ± 
0.08 

7.4 0.51 ± 
0.15 

0.55 ± 
0.08 

0.67 ± 
0.23 

1.18 ± 
0.10 

2.26 ± 
0.70 

0.94 ± 
0.33 

0.43 ± 
0.22 

0.28 ± 
0.05 

P 0.96 0.78 0.37 0.47 0.94 0.64 0.93 0.15 
Share of pH 
influence, % 0.71 4.10 15.4 11.83 1.04 7.07 1.17 27.53 

Note: the differences are significant at P < 0.05.  

Table 3  
The Q10 values of peptidases of the whole body  
of chironomid larvae at the temperature range of their living activity  

pH Substrate 
Q10 

0– 
10 °С 

10–
20 °С 

20–
30 °С 

30–
40 °С 

40–
50 °С 

50–
60 °С 

60–
70 °С 

3.0 Hemoglobin 1.08 1.15 1. 68 2.14 0.43 0.52 0.69 

5.0 Casein 1.20 1.20 1.28 2.54 0.65 0.46 0.82 
Hemoglobin 1.18 1.57 1.50 1.36 0.60 0.41 0.31 

7.4 Casein 1.21 1.34 1.49 1.56 0.53 0.35 0.44 
Hemoglobin 1. 08 1.22 1.69 2.00 0.43 0.46 0.63 
 

The activation energy of the process of casein and hemoglobin 
hydrolysis by peptidases of the whole body of chironomid larvae. The data 
on Еact of peptidases functioning in the tissues of chironomid larvae in 
the temperature range of their living activity (0–30 °С) indicate the pre-

sence of a bend on the Arrhenius plot in all variants of the experiment at 
20 °C as well as the dependence of the indicator’s value on the substrate 
and pH (Table 2). At the same time, the values of Еact of the process of 
casein hydrolysis in the range of 0–20 °С at рН 5.0 and рН 7.4 are 3.4 
and 1.9 times lower than in the zone of higher temperatures, respectively. 
When studying hemoglobin as a substrate, the bend on the Arrhenius 
plot was also detected at 20 °С for all the рН values. At the same time 
the average values of Еact of the process of hemoglobin hydrolysis at рН 
3.0 and 7.4 in the range of 0–20 °С are 4.5 and 1.9 times lower than in 
the zone of higher temperatures, respectively. At рН 5.0, on the contrary, 
the average values of Еact of the process of hemoglobin hydrolysis in the 
range of 0–20 °С are higher than in the zone of higher temperatures by 
1.5 times.  

Table 4  
The values of the peptidase activation energy in the whole body  
of chironomid larvae in the temperature range of their life activity  

pH Substrate Activation energy, kcal/mol Point of 
break, °C before point of break after point of break 

3.0 Hemoglobin 2.4 11.5 20 

5.0 Casein 
Hemoglobin 

3.1 
9.5 

10.5 
  6.3 

20 
20 

7.4 Casein 
Hemoglobin 

3.5 
6.8 

  6.5 
13.2 

20 
20 

 

 
Discussion 
 

To properly analyze the material obtained, it should be noted that 
we have studied the integrative index which reflects the activity of a 
number of enzymes. So, at рН 7.4, the activity of endopeptidases (tryp-
sin, chymotrypsin and elastase) and exopeptidases (various carboxypep-
tidases, aminopeptidases and dipeptidases) dominates. The most impor-
tant is the activity of trypsin, mainly hydrolyzing peptide bonds adjacent 
to lysine or arginine, and also chymotrypsin, which predominantly 
hydrolyzes peptide bonds adjacent to tyrosine, tryptophan and phenyl-
alanine (Dixon & Webb, 1983). The activity of casein-lytic peptidases 
primarily reflects the activity of trypsin, that of hemoglobin-lytic pepti-
dases – that of chymotrypsin. At рН 3.0 and 5.0, the activity of various 
cathepsins dominates (Kuz’mina, 2015).  

As indicated in the introduction, the activity of digestive peptidases 
in marine crustaceans has been studied in the most detailed manner. 
In such a way, the activity of trypsin-like and chymotrypsin-like enzy-
mes was observed in lobsters, sea crawfish (Kim et al., 1994), crabs 
(Navarrete del Toro et al., 2006) and shrimps (Van-Wormhoudt et al., 
1995). The activity of carboxypeptidases А and В, as well as that of 
leucine aminopeptidase (Dendinger, 1987; Glass & Stark, 1995) was 
detected also. In various shrimp tissues cDNA coding cathepsin L 
(Duan et al., 2013; Zhao et al., 2013), cathepsin B (Stephens et al., 2012; 
Li et al., 2013) and cathepsin С (Wang et al., 2012) were revealed. 
These data suggest that chironomid larvae may possess a wide range of 
peptidases.  

The data on the activity of casein- and hemoglobin-lytic peptidases 
in the whole body of chironomid larvae at a temperature of 20 °С and 
рН 7.4, as well as the temperature optimum value corresponding to 
40 °С, are largely similar to those obtained earlier (Skvortsova et al., 
2016). However, when studying the activity of peptidases in the whole 
body of chironomid larvae from the Kuchurhan reservoir, a significantly 
higher level of enzymatic activity under the same methodological con-
ditions was revealed: 3.1 ± 0.16 µmol/(g·min) (Kuz’mina et al., 2017). 
It is important that the temperature characteristics of peptidases of chiro-
nomid larvae differ essentially from those of fish. So, the temperature 
optimum of casein- and hemoglobin-lytic peptidases of the intestinal 
mucosa in fish of different species corresponds to 50 or 60 ºС (Kuz’mi-
na et al., 2015), and that of chironomid larvae tissues is 40 ºС. This may 
be due to differences in the sources of enzyme activity.  

In addition, the range of values of the temperature optimums of 
different peptidases in crustaceans is quite wide. The specific casein-
lytic peptidase from the hepatopancreas of the oriental shrimp Fennero-
penaeus chinensis (Oh et al., 2000) and the trypsin of the red swamp 
crawfish Procambarus clarkii (Kim et al., 1994) have the highest tem-
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perature optimum (70 °С). The maximum activity of trypsin in swim-
ming crabs Callinectes bellicosus and C. arcuatus was recorded at 55 °С 
(Diaz-Tenorio et al., 2006). The temperature optimum of the buzzer 
midge Chironomus plumosus larvae is 60 °С. However, the temperatu-
re optimum of casein-lytic peptidases of midge Chaoborus sp. larvae is 
only 50 °С (Kuz’mina, 1999).  

The temperature optimum of chymotrypsin in the swimming crabs 
Callinectes bellicosus and C. arcuatus were recorded at a temperature 
of 50–55 ºС (Diaz-Tenorio et al., 2006). The activity of peptidases in the 
digestive tract of the Pacific brown shrimp Farfantepenaeus califor-
niensis is maximal at a temperature of 50 °С (Vega-Villasante et al., 
1995). It has been shown that the differences in the values of the pepti-
dase temperature optimum depend to a large extent on the temperature 
of the habitat of the species. In this way, the temperature optimum of 
trypsin-like peptidases of the semi-terrestrial tropical pink ghost crab 
Ocypode ryderi (Dittrich, 1990), the common hermit crab Pagurus 
bernhardus and the hermit crab Clibanarius striolatus (Dittrich, 1992) 
is 50 °С, that of the eurythermal brown crab Cancer pagurus is 45 °С. 
The temperature optimum of the stenothermal Antarctic shrimp Choris-
mus antarcticus is 40 °С (Dittrich, 1990). The temperature optimum of 
cathepsin D also varies considerably: the minimum values (35 ºС) were 
detected in the Pacific flying squid Todarodes pacificus (Sakai et al., 
1981), higher values (50 ºС) – in larvae of the buzzer midge Chirono-
mus plumosus (Kuz’mina, 1999). In all likelihood, the relatively low 
level of the peptidase maximum activity (40 ºС) in the chironomid 
larvae studied by us is due to the considerable activity of cathepsins. 
This is also evidenced by the different shape of the temperature 
dependence curves of casein- and hemoglobin-lytic peptidases in the 
zone of low and postmaximal temperatures.  

Particular mention should be made of the dependence of the 
temperature effects on рН. Despite the same values of the optimum 
temperature for different pH values, we found differences in the zone of 
vital and postmaximal temperatures, especially in the case of casein-
lytic peptidases. Actually, despite the lower activity of peptidases at pH 
5.0 compared with that at pH 7.4, the relative activity of enzymes in this 
zone is much higher than at pH 7.4. The observed differences may be 
due to the fact that different enzymes function at different рН values. 
This way, in the zone of neutral рН values, both the activity of pancrea-
tic peptidases and the activity of cathepsins the рН optimum of which is 
in this zone, as well as, apparently, the residual activity of cathepsins 
whose рН optimum is at рН 5.0, can be detected. Indeed, L-like 
cathepsin isolated from the hepatopancreas of the white leg shrimp 
Litopenaeus vannamei has a рН optimum of 5.1 (Le Boulay et al., 
1996), and that of the brine shrimp Artemia franciscana is 5.0–6.5 
(Warner et al., 2004). In the common lobster Homarus gammarus, one 
of the peaks of proteolytic activity is at 5.8–6.0 (Glass et al., 1989; 
Navarrete del Toro et al., 2006). Since different cathepsins have the 
various characteristics, including pH optimums, different enzymes 
could function at the pH values studied. At pH 3.0 it can be the 
cathepsins A, D and E, at pH 5.0 – the cathepsins C and D, at pH 7.0 – 
the cathepsins B and L (Ashie & Simpson, 1997).  

In addition, the associated microbiota, whose рН optimum is 8.0 
(Kuz’mina et al., 2017), may affect the temperature characteristics of 
peptidases of chironomid larvae. At рН 3.0, the activity of the studied 
peptidases in the tissues of chironomid larvae is determined by cathep-
sins, the рН optimum of which in invertebrates usually ranges from 2.8 
to 4.0 (Gildberg, 1988). In this рН zone, cathepsins D, E and A may 
function. In the study of the common lobster Homarus gammarus, the 
most significant activity of peptidases was found in the рН 2.5–3.0  
zone (Glass et al., 1989; Navarrete del Toro et al., 2006).  

The data on the temperature coefficients of peptidases in the tissues 
of chironomid larvae confirm the classical idea of a sharp decrease in 
Q10 values in the postmaximal temperature zone as a result of denatura-
tion of protein globules of enzymes. In the study of Еact of trypsin-like 
proteinases in crabs, some values similar to ours were obtained: in the 
tropical hermit crab Clibanarius striolatus in the temperature range of 
0–40 °С, the Еact is 7.64 kcal/mol. In the brown crab Cancer pagurus, 
inhabiting temperate latitudes, it is 5.92 kcal/mol (Dittrich, 1992). 
The Еact of serine peptidases (the casein substrate) of the whole larvae of 
the midge Chaoborus sp. and the buzzer midge Chironomus plumosus 

in the temperature range of 0–20 °С is high (19.3 and 20.0 kcal/mol), 
whereas at temperatures above 20 °С, it is considerably lower (5.6 and 
11.9 kcal/mol) (Kuz’mina, 1999).  

The obtained results indicate a considerable efficiency of the hydro-
lysis of protein components of the tissues of chironomid larvae in the 
temperature range most favourable for their vital activity (20–30 °C) at 
pH 7.0 on casein and pH 5.0 on hemoglobin. However, the pH does not 
have a significant effect on the temperature dependence of hemoglobin-
lytic peptidases. In the hydrolysis of hemoglobin by enzymes of the 
intestinal mucosa in fish feeding on chironomid larvae, in most cases 
the bend on the Arrhenius plot is noted at 10 °С. After the point of 
break, the Еact values of peptidases of the mucosa are, as a rule, 
approximately 1.3 times lower than those in the low temperature zone 
(Shalygin, 2013). Since benthos- and plankton-eaters practically do not 
feed at temperatures lower than 10 ºС, these data support the idea of 
sufficient adaptation of the enzymes of both to functioning at tempera-
tures of active fish feeding. The comparison of the activity and tempe-
rature characteristics of peptidases of chironomid larvae with those of 
the digestive tract of various fish species has confirmed the important 
role of enzymes of their food objects in the processes of digestion of 
consumers.  
 
Conclusion  
 

The activity of peptidases that function in the tissues of chironomid 
larvae, food objects of adult benthophages and juvenile fish of various 
ecological groups, depends to a considerable extent on temperature and рН. 
However, pH does not have a significant effect on the temperature 
dependence of casein- and hemoglobin-lytic peptidases. In both cases, 
the temperature induced the greatest effect on peptidase activity. 
The temperature optimum of the studied peptidases of chironomid 
larvae corresponds to 40 ºС. The Q10 values in the zone of vital tem-
peratures are slightly changed. They are, as a rule, increased in the zone 
of 30–40 ºС, and are sharply decreased in the zone of high temperatures. 
The values of activation energy of the process of hydrolysis of casein 
and hemoglobin in the zone of low and high temperatures are different. 
The Еact value at a temperature not exceeding 20 ºС is usually below 
that in the zone of higher temperatures (except for hemoglobin-lytic 
peptidases at pH 5.0). The data obtained confirmed that the characte-
ristics of casein- and hemoglobin-lytic peptidases in chironomid larvae 
at various temperatures and pH can influence the digestive processes in 
benthophages and the fry of all fish species.  
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