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ABSTRACT. The activity of arginase in the organs of water snake (Natrix tessellata) and cestode
(Ophiothaenia europaea) inhabiting its intestine was determined. pH optimums are established. It was
shown that the greatest activity of arginase in water snake was noted in kidneys and the least activity was
in the liver. No arginase was detected in the intestine. Considerable activity of the arginase of the
parasite is established.

The role of biochemical adaptation of arginase in the system parasite-host is discussed. © 2012 Bull.
Georg. Natl. Acad. Sci.
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Studies of adaptational reactions in parasite
worms to the habitation medium, have always inter-
ested the researchers dealing with biochemistry of
helminths [1-3]. Helminths of warm-blooded and
cold-blooded animals have often been the object of
study. However, these processes have hardly been
investigated in the endogeneous parasites of snakes
and their hosts. Detection of the peculiarities of me-
tabolism in the above animals is very important for
comparative biochemistry, biochemist ry of
helminths and system parasite-host formation. We
focused attention on arginase enzyme. A number of
studies are devoted to arginase from different tis-
sues of vertebrate animals. It is also found in the
body of helminths of different classes and some

researches connect the role of this enzyme with ad-
aptation to parasitizing [2-5].

Proceeding from the integral system parasite-host
we considered it to be necessary to determine the
activity of arginase of both components using the
example of water snake (Natrix tessellata, Laurenti,
1768) and cestode (Ophiothaenia europaea,
Odening, 1963) parasitizing in its intestine. We aimed
to find the values of enzyme activity in the organs of
host and parasite. The peculiarities revealed are very
important for a deeper understanding of interrela-
tions in the system parasite-host.

Materials and Methods. The liver, kidneys and
intestines of water snakes and cestodes O.europaea
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served as material for the investigation. 5 exemplars
of water snakes were brought from the territory close
to Tbilisi water reservoir and 3 exemplars from the
environs of Rustavi.

The animals caught near the water reservoir were
all infected with cestodes (invasion intensity is 3-9
pieces), and animals brought from the environs of
Rustavi were free of cestodes.

Out of fresh-frozen organs of water snakes and
cestodes 2.5% and 5% water homogenates were pre-
pared. After extraction in cold conditions  homo-
genates were centrifuged at 3000 rev/min for 10 min.
Sediment was thrown away and supernatant served
as a source of enzyme.

The activity of arginase was determined accord-
ing to the method of Khramov and Galaev [6]. The
calculation was done by a calibration curve, con-
structed on dissolving the standard solution of urea.
Specific activity was expressed in µg of urea per mg
of protein for 1 hour at 37 oC.

Protein was determined by Lowry [7].

Results and Discussion. In homogenates of tis-
sues of water snake and cestodes O.europaea argin-
ase activity was revealed. Arginase helps to decay
arginine to ornithine and urea. Enzyme activity is
evaluated by the quantity of the latter. The results of
evaluation are presented in Table 1. They show that
maximal activity was detected in kidneys of the water
snake (197.5±13.84 µg of urea/mg of protein/hour).

Arginase was absent in the intestine and its ac-
tivity in the liver was quite low, totaling 7.31±0.89 µg
of urea/mg protein/hour. Comparing the values of
enzyme activity in the liver and kidneys of the snake
one may say that high-active arginase is located in
the kidneys. Abundant blood circulation ensures
both their excretory function and intensive metabo-
lism. Low activity of arginase in liver of the water
snake can be explained by the fact that snakes and
birds have no system of ureogenesis. Adaptation of
these animals to the surface life led to the creation of
uricotelism and formation of uric acid as the final
product of protein metabolism.

Low activity value of arginase in the liver of wa-
ter snake agrees with the data for arginase of chick-
en’s liver obtained by Sokhina and Koloskova [2]. It
should be assumed that liver arginase N.tessellata
refers to the type of non-ureotelic  arginases, which
take part in the process of rendering ammonia harm-
less. Such arginase is an evolutionarily more ancient
enzyme with a function independent of ureotelism.
Some authors consider that while establishing the
“ureotelism” in the liver of amphibians the specific
ureotelic arginase is induced, which functions to-
gether with the present philogenetically more ancient
non-ureotelic arginase [8,9]. Comparing the values
of the activity of arginase of liver of the water snake
and snake’s cestode with the data for arginase of the
chicken’s liver and her parasite Ascaridia galli [2],
we noted that these values are very close to each
other (Table 2).

From this example we can see that arginine decay
in the liver of birds and snakes occurs almost with
equal intensity and their arginases possibly fulfill
analogous functions. Adaptation of these animals to
the medium with limited water content occurred in
similar conditions and was reflected on nitrous me-

Table 2. Arginase activity in the liver of water
snake and chicken, nematodes Ascaridia galli and
cestodes Ophiothaenia europaea

    * According to Sokhina and Koloskova [2]

Table 1.  Activity of arginase in the organs of water
snake and cestode  Ophiothaenia europaea
(at pH 9.5)

Object of investigation 
Activity of arginase in  

µg of urea/mg protein/hour 

Kidney 
Intenstine 
Liver 
O.europaea 

197.5±13.84 
not revealed 
7.31±0.89 
35.95±6.24 

Object of investigation 
Activity of arginase in  

µg of urea/mg protein/hour 

Liver of water snake 
*Liver of chicken 
Ophiothaenia europaea  
*Ascaridia galli 

7.31±0.89 
8.62 

57.05±7.97 
50.51 



Arginase in the Organs of Water Snake (Natrix tessellata, Laurenti, 1768) and  ... 131

Bull. Georg. Natl. Acad. Sci., vol. 6, no. 2, 2012

tabolism. Parallelly to this the process of biochemical
adaptation of intestine helminths parasitizing in these
animals took place. The above mentioned arginase
activity and uric acid as the final product of nitrous
metabolism can serve as confirmation of this. The
latter is produced as a result of purine decay in
cestodes [18].

The study of the influence of the concentration
of hydrogen ions on the activity of arginase of the
water snake organs and O.europaea allowed to es-
tablish pH optimum of enzymes. For liver arginase it
was equal to 7.5 (activity18.39 µg of urea per mg pro-
tein/hour). A similar value of pH optimum was deter-
mined  for one of the isoforms of arginase plerocercoid
Ligula intestinalis from fishes [11]. It is known that
pH optimum range of arginase can vary from 9 to
10.5. For kidney arginase of water snake it was 9.5
(activity 197.5 µg urea/mg protein/hour).

This value is close to the values of pH optimum
of arginases of vertebrate animals [12-14] and some
other helminths [11, 15-17]. Arginase activity of
cestodes at pH 9.5 was 5.5 times lower than the activ-
ity of kidney enzyme and at the same time it almost 5
times increased the level of arginase activity in the
liver of water snake. Unlike arginase of liver and kid-
neys of water snake pH arginase optimum O.europaea
shifted to more alkalinity and was equal to 10.5, and
activity totaled already 57.05 µg urea/mg protein/hour.
Such difference in activity at different values of pH,
probably points to the change of ionization state of
different ionizing enzyme groups, which then influ-
ence on catalytic center of the latter.

Comparing enzyme activity in the organs of wa-
ter snake at optimum value pH, it is shown that high-
active arginase is localized in kidneys. It exceeds 27
times the liver enzyme activity. Thus, it is evident
that intensity of arginine decay in different organs of
water snake differs, taking into account intestines.
Products of protein hydrolysis and aminoacids are
actively absorbed by mucous membrane of the intes-
tine, then they pass into blood taking part in metabo-
lism of those organs and tissues which have argin-

ase. Adaptation to the medium with abundant quan-
tity of food substances in cestodes inhabiting intes-
tine found reflection not only on their morphology
(absence of digestive system) but on metabolism as
well. Arginine is easily accessible for O.europaea.
Arginase activity in hosts intestine was not revealed.
Parasite’s own arginase activity was significant (Ta-
ble 1) and almost 8 times exceeded the enzyme activ-
ity of water snake’s liver. It should be noted that
earlier we have revealed acid and alkaline phospha-
tases in homogenates of water snake cestode. Their
activity three times exceeded the level of activity of
those enzymes in tapeworm of African hieroglyph
python [10]. We suppose that high activity of phos-
phatase and arginase in O. europaea is the reflection
of intensity of metabolic processes characterizing the
given type of cestode and adaptation to habitat.

It is quite difficult to determine the role of the
investigated enzymes, as non-ureotelic arginases
have many other functions. They participate in the
regulation of a definite quantity of urea, arginine and
other guanidine compounds, in proline formation. The
latter is involved in biosynthesis of polyamines nec-
essary for division and differentiation of cells [19].
Similar synthetic processes may take place in hosts
and their parasites. According to the data by Lee [20]
and Brand [21] the function of the arginase of para-
site worms is to provide them with proline which is
used in collagen cuticle formation. Polyamine syn-
thesis in helminths does not occur and requirements
in these substances are completely fulfilled on the
host’s account [22]. Their fast growth, reproduction
system development and great fecundity are prob-
ably provided in this way.

At arginine hydrolysis in water snake kidneys
and cestode body both in host and parasite consid-
erable quantity of urea and ornithine must be accu-
mulated. It is known that in reptiles and birds os-
moregulation occurs via uric acid. Urea as low mo-
lecular substance in helminths inhabiting the intes-
tines of sea fishes performs an important function of
osmoregulation on cellular level [3,4]. We are not quite
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sure about it as to O. europaea and water snake, but
we suppose that the formed urea might be an agent
additional to uric acid, which strengthens osmoregu-
lation process in both host and parasite.

Arginase also takes an active part in adaptation
processes in both vertebrate animals (tailless amphib-
ians) at some stages of ontogenetic development
[23,24] and in helminths with formation of arginase
isoenzymes [5, 25]. Correlation between kinetic and
thermodynamic parameters of arginases in nematodes
and their hosts [2,3], temperature optimums and
thermostability of fishes cestode arginase with tem-
perature homeostasis of host [2,26,27] is also an evi-
dence of adaptation.

On the basis of the above-said we can conclude
that non-ureotelic arginases play an important and

diverse role in metabolism emerging as an adaptive
factor.

The results of our work showed that arginase
activity of water snake is connected with the inten-
sity of arginine decay in the organs in which they
are localized. At the same time the level of activity
of cestode enzyme attests to the high level of bio-
chemical adaptation of O. europaea metabolism to
the conditions in the water snake intestine ensur-
ing metabolic balance in the interrelationship of
parasite and host.
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wylis ankaras (Natrix tessellata, Laurenti,1768)
organoebSi da cestodaSi (Ophiothaenia europaea,
Odening, 1963) ferment arginazas aqtivobis
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wylis ankaras organoebSi da mis nawlavSi mobinadre cestodaSi gansazRvrul iqna
ferment arginazas aqtivoba da dadginda pH optimumi. naCvenebia, rom wylis ankaras
TirkmelebSi fermenti avlens maRal aqtivobas, RviZlSi – SedarebiT dabals. nawlavSi
arginaza ar iqna gamovlenili. aRiniSna agreTve parazitis arginazas mniSvnelovani aqtivoba.
ganxilulia mocemul parazit-maspinZlis sistemaSi ferment arginazas bioqimiuri
adaptaciis roli.
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