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S u m m a r y. The influence of salts of heavy metals on the 
partially purified methods of salting-out, gel chromatography 
and alkaline electrophoresis of trypsin-like peptidehydrolase 
of Drosophila larvae was studied. It has been established that 
the largest inhibitory effect is characterized by cadmium chlo-
ride, and the smallest is zinc chloride. The alkaline peptide-
hydrolase of the Normal line and the Muller-5 line are similar 
in molecular weight, substrate specificity and response to the 
negative effects of CoCl2, CuCl2, ZnCl2 і CdCl2, and differ in 
pH optimum, temperature optimum and affinity to the sub-
strate of BAPNA. 
K e y w o r d s: heavy metals, peptidehydrolase, Drosophila.

INTRODUCTION

Proteolytic enzymes play an important role 
in the exchange of proteins, because their action is 
the replenishment of the amino acid pool of cells, 
the degradation of abnormal molecules, as well as 
the regulation of metabolic processes in the on-
togenesis of animals [Vernet et al., 1991; Chougule 
et al., 2008], which ensures the physiological func-
tioning of living organisms. At present, the role of 
peptidehydrolase in individual development and 
adaptive reactions of organisms is one of the few 
studied biochemistry problems of ontogenesis and 
general enzymology [Santos et al., 2008]. In this 
connection, the study of peptidehydrolase in the 
ontogenesis of animals is important because of the 
influence on them of certain factors of the environ-
ment, in particular – salts of heavy metals.

It is known that metal ions, depending on 
their nature and concentration, can either activate 

or inhibit proteolysis [Elpidina et al., 2001; Morty 
et al., 2005], which can have a decisive influence 
on the metabolism in general and, consequently, 
on the processes of growth and development. In 
addition, heavy metals are one of the most harm-
ful factors of environmental pollution, so studying 
the laws of their action on animal organisms is ex-
tremely relevant. 

One of the most convenient model objects 
is Drosophila melanogaster Meigen [Deweikis et 
al., 2001; Totsky et al., 2001], which has a short 
generational cycle and gives a large number of de-
scendants. Since, when the environment is polluted 
by heavy metals, their toxic activity is primarily 
directed to the gastrointestinal tract, then the func-
tional state of the enzymes of the gastrointestinal 
tract, the main of which is alkaline peptidehydro-
lase, can serve as one of the earliest markers for 
assessing the degree of metabolic disorders in poi-
soning with salts of heavy metals.

THE AIM OF THE STUDY

The purpose of the presented work is to in-
vestigate the biochemical properties and functional 
activity of the alkaline peptidehydrolase in the in-
testine of Drosophila in the ontogenesis of the flies, 
with keeping them under standard conditions and 
in the presence of heavy metal salts in the environ-
ment.
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MATERIALS AND METHODS

The studies were conducted on the fly of 
the species Drosophila melanogaster Meigen. In 
experiments, the wild-type flies – Normal and the 
Muller-5 mutant – were used. The choice of lines is 
due to the fact that Normal is a strong line with ho-
mozygous-dominant manifestations of individual 
features, while Muller-5 is weak with homozygo-
recessive manifestations of eye and body color.

The flies were kept under standard conditions 
at + 25 °C [Medvedev, 1968] and on an experimen-
tal environment containing salt components (Co2+, 
Cu2+, Zn2+, Cd2+). The larvae, pupae or imago 
were homogenized at room temperature for 1-3 
minutes in 0.1 M glycine buffer (pH 9.0) in a ratio 
of body weight to a 1:10 volume of extractant. The 
resulting homogenates were centrifuged at 10 000 
g and +4 °C for 15 minutes. The anilidase activ-
ity of alkaline peptidehydrolase was determined by 
the hydrolysis of 1.0 mM chromogenic substrate 
N, α-benzoyl-L-arginine-p-nitroanilide (BAPNA, 
Serva, Germany), in 0.1 M glycine-NaOH buffer 
pH 9.0 at 382.5 nm [Erlanger et al., 1961; Andri-
yevskyi, 2002]. The esterase activity of the alkaline 
peptidehydrolase was determined by the hydroly-
sis of 1.0 mM N, α-benzoyl-L-arginine-ethyl ether 
(BAEE, Reanal, Hungary) in 0.1 M glycine-NaOH 
buffer pH 9.0 at 253 nm [Trautschold , Werle, 1961; 
Andriyevsky, 2002]. For 1 milli Unit (mU) of ac-
tivity, the amount of alkaline peptidehydrolase was 
taken, resulting in the formation of 1 µmol of aro-
matic product for 1 minute incubation at +37 °C. 
Specific activity of alkaline peptidehydrolase was 
determined in mU related to 1 mg of total protein 
of the investigated tissue extract or enzyme prepa-
ration. 

Fractionation of proteins was carried out by 
staged precipitation with ammonium sulfate from 
0.5 M to 5.0 M at an interval of 0.5 M. Separa-
tion of the fractions of proteins deposited at 3.0 
M saturation (NH4)2SO4 was performed by gel 
chromatography on a column (4.5 x 16.0 cm) filled 
with Sephadex G-100 (Pharmacia, Sweden) at +4 
°C in the low temperature cabinet (Combicoldrac 
11). 0.01 M trisacetate buffer pH 7.05 was used for 
elution. Ion exchange chromatography was carried 
out on a column (2.8 x 10.0 cm) filled with spheri-
cal DEAE-cellulose (Reanal, Hungary), balanced 
with 0.01 M trisacetate buffer (pH 7.5). The pro-
teins were eluted in a step gradient of KCl solution 
(from 0.01 M to 1.0 M). In the fractions, the protein 

content was determined [Lowry et al., 1951] and 
the activity of the alkaline peptidehydrolase. 

For separation and purification of drugs, la-
mellar vertical electrophoresis in polyacrylamide 
gel (PAAG) under alkaline and acidic conditions of 
protein distribution was also used.

The influence of inhibitors and activators on 
the activity of alkaline peptidehydrolase of larvae 
was investigated using (in final concentrations) the 
following reagents: 2-mercaptoethanol (0.04 and 
0.06% solution); 0.1 mM solutions of parachlo-
rmercurybenzoate (PCMB), phenylmethylsulfo-
nyl fluoride (РMSF), ethylenediaminetetraacetate 
(EDTA), methylene blue, 0.1 μg/ml soybean trypsin 
inhibitor, leupeptin, pepstatin; 0.1 mM solution of 
L-cysteine and dietotreitol. Pre-incubated 0.1 ml 
of reagent and 0.1 ml of alkaline peptidehydrolase 
solution for 30 minutes at + 37 °C. The level of in-
hibition or activation of the enzyme was measured 
as a percentage relative to its activity in the samples 
without the addition of inhibitors or activators. 

The influence of metal cations on the activity 
of alkaline peptidehydrolase was investigated us-
ing solutions of chlorides of Co2+, Cu2+, Zn2+ и 
Cd2+ at the final concentration: 0.2, 0.4, 1.0 and 
2.0 mM. The action of metal cations was estimated 
by the hydrolysis efficiency of 1.0 mM BAPNA so-
lution in glycine-NaOH buffer pH 9.0 for 45 min-
utes of incubation at +37 °C. 

Substrate specificity of purified alkaline pep-
tidehydrolase preparations was determined by hy-
drolysis: 1.0% native and denatured hemoglobin, 
2.0% casein, 1.0% gelatin solution, 2.0 mM phe-
nylalanylphenylalanine solution, prolilalanine, 
glutamylcyrosine, glutamylphenylalanine; 1.0 mM 
BAPNA solution and 1.0 mM BAEE solution.

The dependence of the reaction rate on the 
substrate concentration was analyzed according to 
the Linouiver-Burke coordinates. 

The results were statistically processed. The 
obtained results were processed using computer 
programs Microsoft Excel 2007. 

RESULTS AND DISCUSSIONS

Isolation and purification of alkaline peptidehydro-
lase from tissues of Drosophila larvae

For the separation of alkaline peptidehydro-
lase, the larvae of 72-75 hours of development of 
the Normal and the Muller-5 Drosophila line was 
used. The best extraction solution for the produc-
tion of alkaline peptidehydrolase from the acetone 
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powder of larvae tissues of both lines was 0.1 M 
glycine buffer, pH 9.0 when used in the ratio of 
body weight to extract of 1:6 volume. The sup-
pressant fluid was used for salt fractionation of 
alkaline peptidehydrolase for using a step gradient 
(NH4)2SO4. The highest percentage of the yield of 
enzyme was 64.0-67.0% and the purification factor 
was 6.8-7.2 (for the Normal line and the Muller-5 
line respectively) were obtained at 3.0 M saturation 
(NH4)2SO4. The protein fraction obtained with 3.0 
M saturation (NH4)2SO4 was used for chromato-
graphic studies. The alkaline peptidehydrolase of 
the larvae of both lines was eluted with the second 
protein peak (Fig. 1).
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Fig.1. Chromatographic profile of the distribution of alkaline peptidehydrolase in tissues of larvae on Sephadex G-
100 in the analysis of fractions of total proteins obtained at 3.0 M deposition (NH4)2SO4. A – line Normal, B – line 
Muller-5; Sephadex G-100 (4.5 x 16.0 cm). 8.22 mg of protein was applied; The volume of the fraction was 5.0 ml, 
the rate  – 28.0 ml/h,  eluting with 0.01 M trisacetate buffer pH 7.05.  Molecular masses  of marker proteins are 
indicated in kDa. E is the yield of alkaline peptidehydrolase; 1  – activity of alkaline peptidehydrolase 
(ΔЕ382,5); 2  – extinction of protein solution (E280). 

Enzymes  of  the  larvae  tissues  of  both  lines  were  eluted  under  DEAE-cellulose 

chromatography with 0.01 M trisacetate buffer pH 7.05 after two protein peaks that did not show 

enzymatic activity (Fig. 2).

The use of ion exchange chromatography allowed to clear the alkaline peptidehydrolase 

of the wild type Drosophila larvae tissues by 7.5 times, and the alkaline peptidehydrolase of the 

tissues of the Drosophila larvae of the mutant line was 6.0 times, but the loss of enzyme was 92-

94%. Electrophoretic studies confirmed that the enzyme obtained at 3.0 M deposition (NH4)2SO4 

and  purified  by  gel  chromatography  on  sephadex  G-100  is  a  protein  consisting  of  a  single 

polypeptide chain (with a distribution coefficient Rf = 0.27).
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Fig. 2. Profile of ion-exchange distribution of tissue proteins and alkaline peptidehydrolase in tissues of larvae on 
Sephadex G-100 in the analysis of fractions of total proteins obtained at 3.0 M deposition  (NH4)2SO4. A  – line 
Normal, B – line Muller-5; Sephadex G-100 (4.5 x 16.0 cm). 0,227 mg of protein was applied; The volume of the 
fraction was 3.0 ml, the rate – 28.0 ml/h,  eluting with 0.01 M trisacetate buffer pH 7.05. Molecular masses of 
marker proteins are indicated in kDa. E is the yield of alkaline peptidehydrolase; 1  – activity of alkaline 
peptidehydrolase (ΔЕ382,5); 2  – extinction of protein solution (E280). 

PHYSICAL-CHEMICAL AND BIOCHEMICAL PROPERTIES OF ALKALINE 

PEPTIDEHYDROLYSE OF DROSOPHILA LARVAE TISSUES

In  determining  the  molecular  mass  of  alkaline  peptidehydrolase  tissues  of  the 

Drosophila larvae of the  Normal and  Muller-5 lines,  it  was found that its  value for alkaline 

peptidehydrolase  for  Drosophila  for  the  Normal and  Muller-5 is  22 919  and  25 438  Da, 

respectively. 

It  turned  out  that  the  molecular  weight  of  the  alkaline  peptidehydrolase of  the 

Drosophila larvae of the Normal and Muller-5 lines are close to each other and practically do not 

differ from the molecular weight of trypsin from the pancreas of cattle  – 23 800 Da [Parshina, 

2008]. 
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the Drosophila larvae of the Normal and Muller-5 lines revealed that the synthetic substrate of 

BAPNA most actively cleaves alkaline peptidehydrolase of both lines at +40 °C. The enzymes of 

the larvae of the flies of the Muller-5 line have a higher sensitivity to temperature and are active 

in a more narrow range of temperatures. The maximum activity of the alkaline peptidehydrolase 

of the larvae tissues of both lines with respect to the substrate of BAPNA is set at pH 9.0. 

In the presence of pepstatin, an aspartic protease inhibitor, the activity of the alkaline 

peptidehydrolase  of  the  Normal larvae  line  decreased,  while  the  activity  of  the  alkaline 

peptidehydrolase of the larvae of the Muller-5 line increased by 20%. The activity of the alkaline 

peptidehydrolase of the larvae of the  Normal line was greater than the enzyme activity of the 

larvae of the Muller-5 line, suppressed in the presence of РMSF. Protein trypsin inhibitor from 

soy significantly (on 76 and 82%, respectively) reduced the activity of alkaline peptidehydrolyse 
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Physical-chemical and biochemical properties 
of alkaline peptidehydrolyse of drosophila lar-
vae tissues

In determining the molecular mass of al-
kaline peptidehydrolase tissues of the Drosophila 
larvae of the Normal and Muller-5 lines, it was 
found that its value for alkaline peptidehydrolase 
for Drosophila for the Normal and Muller-5 is 
22 919 and 25 438 Da, respectively. 

It turned out that the molecular weight of the 
alkaline peptidehydrolase of the Drosophila larvae 
of the Normal and Muller-5 lines are close to each 
other and practically do not differ from the molecu-
lar weight of trypsin from the pancreas of cattle – 
23 800 Da [Parshina, 2008]. 

Determination of the temperature optimum 
of the alkaline peptidehydrolase tissues of the Dros-
ophila larvae of the Normal and Muller-5 lines re-
vealed that the synthetic substrate of BAPNA most 
actively cleaves alkaline peptidehydrolase of both 
lines at +40 °C. The enzymes of the larvae of the 
flies of the Muller-5 line have a higher sensitivity to 
temperature and are active in a more narrow range 
of temperatures. The maximum activity of the alka-
line peptidehydrolase of the larvae tissues of both 
lines with respect to the substrate of BAPNA is set 
at pH 9.0. 

In the presence of pepstatin, an aspartic pro-
tease inhibitor, the activity of the alkaline pepti-
dehydrolase of the Normal larvae line decreased, 
while the activity of the alkaline peptidehydrolase 
of the larvae of the Muller-5 line increased by 
20%. The activity of the alkaline peptidehydrolase 
of the larvae of the Normal line was greater than 
the enzyme activity of the larvae of the Muller-5 
line, suppressed in the presence of РMSF. Protein 
trypsin inhibitor from soy significantly (on 76 and 
82%, respectively) reduced the activity of alkaline 
peptidehydrolyse of both lines. Pre-incubation with 
PCMB led to a decrease in the activity of the en-
zyme of the Normal line by 32.5 and of the Mul-
ler-5 line by 53.3%. Pre-incubation with 0.04% 
and 0.06% β-mercaptoethanol resulted in 100% 
inhibition of the enzyme activity of both lines. The 
photooxidation of histidine with methylene blue re-
sulted in inhibition of enzyme activity up to 42% 
in the Normal line and up to 23% (Muller-5 line). 

Alkaline peptidehydrolase activity of the 
Drosophila of both lines was not changed in the 
presence of L-cysteine and increased slightly (by 
11 and 14%) in the presence of dietotreitol.

The obtained results indicate that in the hy-
drolysis of BAPNA the alkaline peptidehydrolase 
of both lines is involved: the hydroxyl group of 
serine, the carboxyl group of aspartic acid, the SH-
group of cysteine and the NH-group of histidine. 
The results obtained are in agreement with the re-
sults of studies of enzyme isolated from Tenebrio 
molitor [Elpidina et al., 2005], Sitophilus zeamais 
[Silva et al., 2010] and Catharsius molossus [Ahn 
et al., 2005].

Influence of heavy metal salts on the activity of 
the purified form of alkaline peptidehydrolase 
of the drosophila larvae of normal and muller-5 
lines

Pre-incubation with 0.2-0.4 mM СоCl2 and 
СuCl2 increased the activity of the alkaline pepti-
dehydrolase of the original extract of tissues of the 
Drosophila larvae of the Normal line, respectively, 
by 21.6 and 11.2% (Fig. 3, A) and led to a decrease 
in purified enzyme activity by 10.8 and 27.5% (Fig. 
3, B). In the presence of 1.0 and 2.0 mM СоCl2, 
the activity of both purified and non-purified en-
zyme was suppressed by more than 50%. Reduced 
purity of enzyme activity by 88-95% and complete 
inhibition of the activity of the crude enzyme were 
established by pre-incubation with 2.0 mM CuCl2 
and ZnCl2 solutions (Fig. 3). 

The activity of the alkaline peptidehydro-
lase of the extract of the Muller-5 line increased 
by 15.0-25.7% in the presence of 0.2 mM СоCl2 
and СuCl2 (Fig. 4). In the presence of 1.0-2.0 mM 
СоCl2, the purified and untreated enzyme activity 
was suppressed by 20% and 67%, respectively.

Complete inhibition of the activity of crude 
and purified enzyme was determined by pre-incu-
bation with 2.0 mM of ZnCl2 solution and 2.0 mM 
of CuCl2 solution (Fig. 4). The obtained data in-
dicate inhibition of activity of alkaline peptidehy-
drolase of Drosophila larvae of both lines in vitro 
with high concentrations of chlorides Co, Cu, Zn 
and Cd.
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Fig. 3. Influence of heavy metal salts on the peptide-hydrolytic activity of the exit extract (A) and purified (B) 
alkaline peptidehydrolase of the Drosophila larvae of the Normal line * – a significant decrease in the activity of 
alkaline peptidehydrolase in relation to control. P <0.05; M ± m, n = 6.

Fig.  4. Influence of heavy metal salts on the peptide-hydrolytic activity of the exit extract (A) and purified (B) 
alkaline peptidehydrolase of the Drosophila larvae of the Meller-5 line. * – a significant decrease in the activity of 
alkaline peptidehydrolase in relation to control. P <0.05; M ± m, n = 6 

The influence of metal cations on the activity of alkaline peptide glycosylates of larvae 

of both lines of Drosophila can be explained by non-specific irreversible inhibition associated 

with the adsorption of metal ions on the surface of the protein molecule and their interaction with 

functional active groups, which leads to conformational changes in the enzyme molecule or their 

effect on the active center. Thus, for example, serine proteases showed an inhibitory effect of 

metal cations that interact with histidine of the catalytic triad [Varfolomeev, Pozhytkov, 2000].

SUBSTRATE SPECIFICITY OF ALKALINE PEPTIDEHYDROLASE IN 

DROSOPHILA LARVAE OF NORMAL AND MULLER-5 LINES

The enzyme of both lines had a higher activity in relation to BAEE than in relation to 

BAPNA. The esterase activity of the alkaline peptidehydrolase of the Normal line was 8.1 times 

higher than the activity of the alkaline peptidehydrolase of the Muller-5 line, while the amidase 

activity on the contrary was 2.5 times higher in the alkaline peptidehydrolase of the  Muller-5 

line. This indicates that the enzyme possesses both estradiol and amidase activity. The alkaline 

peptidehydrolase of both lines is also capable of exhibiting endopeptidase activity, confirmation 

is the hydrolysis of the native protein substrates of casein and hemoglobin. Synthetic dipeptides 
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The influence of metal cations on the activity 
of alkaline peptide glycosylates of larvae of both 
lines of Drosophila can be explained by non-spe-
cific irreversible inhibition associated with the ad-
sorption of metal ions on the surface of the protein 
molecule and their interaction with functional ac-
tive groups, which leads to conformational changes 
in the enzyme molecule or their effect on the active 
center. Thus, for example, serine proteases showed 
an inhibitory effect of metal cations that interact 
with histidine of the catalytic triad [Varfolomeev, 
Pozhytkov, 2000].

Substrate specificity of alkaline peptidehydro-
lase in drosophila larvae of normal and muller-5 
lines

The enzyme of both lines had a higher activ-
ity in relation to BAEE than in relation to BAPNA. 
The esterase activity of the alkaline peptidehydro-
lase of the Normal line was 8.1 times higher than 
the activity of the alkaline peptidehydrolase of the 
Muller-5 line, while the amidase activity on the 
contrary was 2.5 times higher in the alkaline pep-
tidehydrolase of the Muller-5 line. This indicates 
that the enzyme possesses both estradiol and ami-
dase activity. The alkaline peptidehydrolase of both 
lines is also capable of exhibiting endopeptidase 
activity, confirmation is the hydrolysis of the na-
tive protein substrates of casein and hemoglobin. 
Synthetic dipeptides practically did not hydrolyze 
alkaline peptidehydrolase in both lines, indicating 
no peptidase activity in the enzyme. The enzyme 
of the Muller-5 line exhibited higher activity in 
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protein and synthetic substrates than the Normal 
enzyme.

Kinetic characteristics of the alkaline peptide of 
the hydrolases of tissues of drosophila larvae of 
the normal and muller-5 lines

It was found that for the alkaline peptide-
hydrolase of the Normal Vmax line, it was 27.8 mM 
BAPNA per minute with saturation of the enzyme 
by substrate at a concentration of 2.0 mM. For the 
alkaline peptidehydrolase, the Muller-5 Vmax line 
was 35.0 mM BAPNA per minute, and saturation 
of the enzyme by substrate was observed at a BAP-
NA concentration of more than 2.0 mM. The defi-
nition of Km showed that for alkaline peptidehy-
drolase of the Normal line larvae is 0.88 mM, while 
Muller-5 is 0.39 mM for the BAPNA hydrolysis. 
This indicates that the alkaline peptidehydrolase 
of the Muller-5 line has a 2.26 fold greater affinity 
for the BAPNA substrate than the Normal alkaline 
peptidehydrolase (Fig. 5).
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Fig. 5. The reaction rate, which is catalyzed by the al-
kaline peptidehydrolase of the larvae tissues of the Nor-
mal (A) line and the Muller-5 (B) line, depending on the 
concentration of the substrate in the Linouiver-Burke 
coordinates. 

One can assume that one of the most prob-
able explanations for the differences in molecular 
weights and physical-chemical properties of the al-
kaline peptidehydrolase of the wild type Drosoph-
ila and the Muller-5 mutants is the various ways of 
alternative splicing and biochemical modifications 
of the precursors of these enzymes by expression 
of the corresponding genes. Scientific literature has 
a lot of data that suggests that alternative splicing 
can lead to the synthesis of substantially different 
structure and function of products of the same gene 
depending on specific conditions. This is precisely 
what happens in the synthesis of some mitochon-
drial enzymes [Shpakov, Derkach, 2014], proteins 
of nerve tissues [Zhernosekov, 1999], for the syn-
thesis of proteins regulating sex, etc.

The results of the performed studies indicate 
an important role of alkaline peptidehydrolase in 
homeostasis Drosophila ontogenetic development, 
which may be a promising marker for the detection 
of environmental pollution, especially heavy metal 
salts.

CONCLUSIONS

1. It has been established that flies of wild-
type Normal and mutant flies of the Muller-5 line 
have intrinsic properties, but not identical forms of 
alkaline peptidehydrolase. 

2. It has been established that the alkaline 
peptidehydrolase of Drosophila tissues has pepti-
dehydrolase, BAPNA-azine (amidase) and BAEE-
ester activity, while its activity depends on the OH 
group of serine, the COOH group of aspartic acid, 
the SH-group of the cysteine, and the NH-group of 
histidine.

3. It was found that the flies of the Normal 
line had a high esterase activity of the enzyme at 
the development stage of the larvae and significant 
amidase activity at the stage of the imago, whereas 
in the alkaline peptidehydrolase of the flies of the 
Muller-5 line, there was a high BAPNA activity at 
the larva stage at its absence in the imago.

4. It has been established that enzymes iso-
lated from wild and mutant flies differ significantly 
in molecular weights, electrophoresis mobility, pH 
and temperature optimizations, Vmax, Km, Ki sen-
sitivity to heavy metal ions, substrate specificity, 
and the like.
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