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It has been demonstrated that the adenosine deaminase of homogeneous 
solutions of rat’s organs is subject to inactivation under the influence of bivalent 
metals (Ca2+, Cu2+, Mg2+), even though different levels of sensitivity to these 
metals are shown. Maximum inhibitory effect has been observed when adding 
Cu2+ ions to the environment. 
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Introduction. Purine nucleoside (adenosine) is a biologically active 

compound with regulatory functions, is formed mainly intracellularly as a result   
of AMP dephosphorylation and hydrolysis of S-adenosyl-homocysteine (SAH). 
Adenosine is involved in the regulation of various biochemical and physiological 
functions, as well as the interaction of immune system cells, secretion of specific 
substances from different cells, including activated immune cells, as well as 
regulation of neuroendocrine, muscular, cardiovascular systems [1–3]. Nucleoside 
activates adenylate cyclase, which promotes the accumulation of cyclic AMP in the 
cells and decreasing the function of lymphocytes. Cyclic AMP is also involved in 
the regulation of blood flow in coronary vessels, slows platelet aggregation and 
increases synthesis of ATP in the myocardium [4]. 

High concentration of adenosine has inhibitory effect on the synthesis of        
S-adenosyl methionine, which leads to disruption of DNA methylation, thus to 
disruption lymphocyte proliferation processes. The normal level of Ado in the cells 
is quite low. The high level of Ado causes inhibition of ribonucleotide reductase, which 
leads to slowing down DNA and RNA biosynthesis and cell death. Maintaining of 
Ado normal level in the cells is provided by the presence of a powerful system of 
removing excess Ado using adenosine deaminase, which is the key enzyme of 
purine metabolism regulating the level of ammonia and adenosine in tissues. 

Adenosine deaminase (also known as adenosine aminohydrolase, ADA) is an   
enzyme (EC 3.5.4.4), which is needed for the breakdown of adenosine from food and 
for the use of nucleic acids in tissues. Thus, participating in metabolism and, hence, 
in the regulation of such physiologically active substrate, adenosine deaminase 
plays an important role in maintaining the status of the living organism [5, 6]. 
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The enzyme is widely distributed in nature and is present in virtually all 
mammalian cells. ADA is also found in birds, bacteria and reptiles. The highest 
concentration of human adenosine deaminase is found in the tissues of the heart, 
brain, spleen, colon, kidney and lungs [7, 8]. Localization of ADA is predominantly 
cytoplasmic, but membrane-bound and extracellular forms of adenosine deaminase 
can also be found. Adenosine deaminase has a tertiary structure. ADA active site 
contains a zinc ion, which is located in the deepest spot of the active site and 
connected to five atoms of His15, His17, His214, Asp295 and to the substrate. In 
its active site the ADA also contains residue of histidine, cysteine and aspartic acid 
[9, 10]. The low activity of adenosine deaminase violates the proliferation and 
maturation of T and B lymphocytes and is accompanied by severe cellular and 
humoral immunodeficiency, which are probably the result of the accumulation of 
toxic concentrations of adenosine in the cells [11]. Children suffering from this 
pathology usually die at an early age from bacterial, viral or fungal infections [12]. 
It is obvious that the study of the ADA is one of the most promising approaches to 
understanding the physiology of certain pathological conditions. During the last 
thirty five years extensive research has also been conducted in the context of 
inhibitors of adenosine deaminase, which is conditioned by their ability to 
influence the Ado concentration in the tissues [13]. 

Materials and Methods. The objects of study were the organs (liver, 
kidney, brain) of rats. 20% homogenates of organs have been prepared have been 
prepared from the separated organs in 0.1 M K-phosphate buffer, pH 7.4 (Potter-
Elvehjem, homogenizer, duration 2–3 min). The homogenate has been centrifuged 
for 10 min at the speed of 6000 rpm. Enzyme activity has been determined in 
supernatant of homogenate from the separated organs. Samples have been incu-
bated for 60 min at 37°C. The incubation mixture contained 1 mL of homogenate, 
0.5 mL adenosine (30 μM), 1.5 mL 0.1 M K-phosphate buffer (pH 7.4). The reaction 
has been stopped by adding 1 mL of 20% trichloroacetic acid, after which the 
samples have been centrifuged for 10 min at the speed of 5000 rpm and ammonia 
has been measured in the supernatant by microdiffusion technique of Selingson, 
modification of Silakova [14]. The method is based on the diffusion of ammonia 
supernatants by alkalization in a diffusion bottle using rotator followed by enzyme 
activity assay by a colorimetric method, based on measurement of the reaction of 
liberated  ammonia  with  Nessler’s  reagent. 

Results and Discussion. This article presents the results of a comparative 
study of the adenosine deaminase catalytic activity from tissues liver, kidney, brain 
of rats. Results indicate that adenosine deamination level in the kidney tissue is 
higher than in liver tissue and in brain (18.12; 15.31 and 10.32 μM respectively) 
(Tab. 1). The research shows that adenosine deaminase is a suitable target for the 
study of the catalytic function in the presence of a strongly-binding inhibitors, in 
particular Cu2+ ions [15, 16]. Based on this, we examined the effect of copper ions 
on the activity of ADA, as well as the inhibitory effect of divalent metal ions 
having lower covalent character (Mg2+, Ca2+). To this end, the homogenates of the 
examined tissues were incubated for 60 min at 37°C in the presence of different 
concentrations of these ions. The results presented herein refer to the enzyme 
activity at a concentration of 0.5 mkm to 2.5 mkm per trial, since the further 
increase in the concentration of used ions was not exacerbating the inhibitory 
effects on the activity of the enzyme. 
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T a b l e  1  
 

ADA activity in liver, kidney and brain homogenates of rat  (NH3  μM per 1 g of  fresh tissue) 
 

Object 

Liver Kidney Brain 

15.31 ± 0.43 18.12 ± 0.71 10.32 ± 0.32 

 
The data indicate that the metal ions inhibit the enzyme to various degrees. It 

is noteworthy that even at 1 μM concentration of ions cause a drastic reduction in 
the activity of enzyme in all tissues. However, a further increase in the 
concentration of metal ions in the incubation setting to 2.5 μM is not accompanied 
by significant changes in the activity of ADA. It should also be noted that the 
performance of inhibiting ADA by Cu2+ ions in all tissues exceeds that of other 
ions in the respective samples. 

 
T a b l e  2  

 
The influence of different concentrations of  Ca2+, Mg2+ and Cu2+  on  activity of ADA in the 

homogenates of rat’s organs  (NH3  μM  per 1g of  fresh  tissue) 
 

Object 

Liver Kidney Brain  
activity  µM

mg h
 inhib., % activity  µM

mg h
 inhib., % activity  µM

mg h
 inhib., % 

0.5 14.12 ± 1.49 8 17.04 ± 1.59 6 10.03 ± 0.27 2.8 
1.0 12.35 ± 0.58 19 16.12 ± 1.03 11 9.50  ± 0.81 7.9 
1.5 12.18 ± 0.39 20 16.07 ± 0.74 11 9.64  ± 0.47 6.5 C

a2+
 

2.5 12.07 ± 1.04 21 16.10 ± 0.47 11 9.69  ± 0.33 6.1 
0.5 10.85 ± 1.49 29 15.05 ± 0.27 17 8.19 ± 0.82 21 
1.0 7.98  ± 0.36 48 11.15 ± 1.59 39 5.37 ± 1.59 48 
1.5 7.47 ± 1.02 51 10.88 ± 1.02 40 5.50 ± 0.27 47 M

g2+
 

2.5 7.44 ± 0.79 51 10.62 ± 1.46 41 5.32 ± 0.34 48 
0.5 9.7 ± 1.46 37 10.5 ± 1.36 42 5.37 ± 1.25 48 
1.0 2.85  ± 0.48 81 3.69 ± 0.45 80 1.58 ± 0.83 85 
1.5 2.72  ± 0.88 82 3.76 ± 0.14 79 1.76 ± 1.02 83 C

u2+
 

2.5 2.76 ± 0.42 82 2.92 ± 0.16 84 1.27 ± 0.51 88 
 
According to obtained results (Tab. 2), at ion concentration of 1.0 μM ADA 

activity in rat’s liver is inhibited by Ca2+ ions by 19%, Mg2+ ions by 48%, Cu2+ ions 
by 81%. ADA in rat’s kidney is less sensitive to Mg2+ and Ca2+ ions (39% and 11% 
respectively), but Cu2+ ions inhibit ADA activity by 80%.  

When Cu2+ ions were added into the incubation setting, ADA in the rat’s 
brain was more actively inhibited (85% when [Cu2+] = 1.0 μM). Increasing the 
[Cu2+] to 2.5 μM practically leads to loss of ADA activity in the brain tissue (88%). 

Published data also show significant suppression of ADA activity in various 
biological objects by Cu2+ ions. Particularly, Wilson et al., based on X-ray data, 
supposed the presence of several histidine residues in the active center mouse’s 
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ADA, which allowed them to assume that the reason for the significant inhibition 
of the enzyme by Cu2+ ions can be a result of the interaction of the ions with the 
histidine residues in the ADA active center and the formation of a strong complex 
with it, which leads to the loss of enzyme activity [17]. 
 

Received 23.10.2015 
 
 

R E F E R E N C E S  
 
1. Murawluyowa L.E., Kluyev D.A., Bakenova R.A. Purine Bases in Blood Plasma of Patients 

with Chronic Pulmonary Deseases. // Journal European Researcher, 2012, v. 29, № 92,              
p. 1449–1454. 

2. Ramakers B.P., Risken N.P., Smits P. Modulation of Innate Immunity by Adenosine Receptor 
Stimulation.  // Shock,  2011,  v. 36,  № 3,  p. 208–2151.  

3. Yegutkin G.G., Sambursko S.S., Jalkanen S. Soluble Purine Converting Enzymes Circulate in 
Human Blood and Regulate Extracellular ATP Level Via Counteracting Pyrophosphatase and 
Phosphotransfer Reactions.  //  The  FASEB Journal,  2003,  v. 17,  p. 1328–1330.  

4. Dmitrienko N.P. Adenosine, Its Metabolism and Possible Mechanisms for Participation in 
Functions of Cells of the Immune System. // Uspekhi Sovremennoy Biologii, 1984, v. 97, № 9,         
p. 20–35 (in Russian). 

5. Pestina T.I., Sokovnina Ya.M. ADA Blood Cells: Distribution, Properties Under Norm and 
Under Various Hematologocal Diseases. // Voprosi Meditsinskoy Khimii, 1993, v. 39, № 4,               
p. 16–23 (in Russian). 

6. Kononenko V.Ya., Kosmina N.M. Pil’kevich L.I. Subcellular Distribution of Adenosine 
System Enzymes in the Hypothalamus and Hippocampus of the Rat Brain.  // Biokhimiya,  1990,  
v. 55,  № 10,  p. 1773–1777 (in Russian). 

7. Barton R., Martiniuk F., Hirshorn K., Goldschneider I.  The Distribution of Adenosine 
Deaminase Among Lymphocyte Populations in the Rat.  //  J. Immunol., 1977,  v. 122,  p. 216. 

8. Conway E.L., Cooke R. The Deaminase of Adenosine and Adenylic Acid in Blood Tissue. // 
Biochem. J.,  1939. 

9. Castro C., Britt B.M.  Evidence for a Low Temperature Transition State Binding Preference in 
Bovine Adenosine Deaminase. //  Biophysical Chemistry,  1998,  v. 70,  p. 87–92. 

10. Wilson D.K., Quiocho F.A.  A Pre-Transition-State Mimic of an Enzyme: X-Ray Structure                
of Adenosine Deaminase with Bound 1-Deazaadenosine and Zinc-Activated Water. //  
Biochemistry,  1993,  v. 32,  p. 1689–1694. 

11. Galyayeva O.Y. Diagnostic Significance of the Study on the Enzyme Activity of Metabolites of 
Nucl. Acid in Lysates of Erythrocytes and Lymphocytes of People Suffering from Rheumatoid 
Arthritis and Osteoarthritis in Early Stages and in the Evolution Process of Diseases. //           
PhD Thesis. Volgograd, 2014  (in Russian). 

12. Kirdey L.E. The Patterns and Mechanisms of Deviations in Immunological Reactivity of 
Children with Bronchial Asthma and Atopic Dermatitis, the Ways of Correcting Such 
Deviations. PhD Thesis. Irkutsk, 2002 (in Russian). 

13. Kefford R.F., Fox R.M. Purinogenic Lymphocytotoxicity: Clues to a Wider Chemotherapeutic 
Potential for the Adenosine Deaminase Inhibitor. // Cancer Chemother. and Pharmacol., 1983,        
v. 10,  № 2,  p. 73–78. 

14. Silakova A.I., Trubin G.P., Yavlikova A.I. Micromethod of Determining Ammonia and 
Glutamine in Trichloracetic Extracts of Tissues. // Issues of Med. Chem., 1962, p. 538–544      
(in Russian). 

15. Agarwal R.P. Inhibitors of Adenosine Deaminase. // Pharmacol. and  Ther., 1982, v. 17, № 3,      
p. 399–429. 

16. Castro C., Britt B.M.  Binding Thermodynamics of the Transition State Analogue Coformycin 
and of the Ground State Analogue 1-Deazaadenosine to Bovine Adenosine Deaminase. //                     
J. Enzyme Inhibition,  2001,  v. 16,  p. 217–232. 

17. Wilson D.K., Rudolph F.B., Quiocho F.A. Atomic Structure of Adenosine Deaminase 
Complexed with a Transition State Analog: Understanding Catalysis and Immunodeficiency 
Mutations.  //  Science,  1991,  v. 252,  № 5010,  p. 1278–1284. 


