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The effect of 8 L-amino acids (alanine, valine, leucine, isoleucine, γ-aminobutyric acid, 

lysine, proline, ornithine) on the Rana ridibunda adult frog liver arginase limited trypsinolysis 
process was studied. The results revealed that under the influence of trypsine at 200C after                  
20 hours L-alanine has appeared as one of the most potent protector of liver arginase. Accordingly, 
the other 5 amino acids are considered as competitive protectors. It is notable, that L-lysine and                
L-ornithine increase the sensitivity of studied enzyme towards proteolytic inactivation by trypsine.  

 

Limited trypsinolysis– proteolytic sensitivity – ureotelic arginase 
 

àõëáõÙÝ³ëÇñí³Í ¿ 8 L-³ÙÇÝ³ÃÃáõÝ»ñÇ (³É³ÝÇÝ, í³ÉÇÝ, É»ÛóÇÝ, Ç½áÉ»ÛóÇÝ, -³ÙÇÝ³-                         
Ï³ñ³·³ÃÃáõ, ÉÇ½ÇÝ, åñáÉÇÝ ¢ ûñÝÇïÇÝ) ³½¹»óáõÃÛáõÝÁ Rana ridibunda Ñ³ëáõÝ ·áñï»ñÇ 
ÉÛ³ñ¹Ç ë³ÑÙ³Ý³÷³Ï ïñÇåëÇÝáÉÇ½Ç ÁÝÃ³óùÇ íñ³: òáõÛó ¿ ïñí³Í, áñ ïñÇåëÇÝÇ 20 Å 
³½¹»óáõÃÛ³Ý ¹»åùáõÙ 200C-áõÙ Ñ»ï³½áïíáÕ  ý»ñÙ»ÝïÇ Ñ³Ù³ñ É³í³·áõÛÝ å³ßïå³ÝÇã ¿ 
Ñ³Ý¹Çë³ó»É L-³É³ÝÇÝÁ ÇëÏ Ù³ëÝ³ÏÇ å³ßïå³ÝÇãÝ»ñ »Ý` L-í³ÉÇÝÁ, L-åñáÉÇÝÁ, L-É»ÛóÇÝÁ, 
L-Ç½áÉ»ÛóÇÝÁ ¢ -³ÙÇÝ³Ï³ñ³·³ÃÃáõÝ: Ð³ïÏ³Ýß³Ï³Ý ¿, áñ L-ÉÇ½ÇÝ ¢ L-ûñÝÇïÇÝÁ ÷áñÓÇ 
ÝáõÛÝ å³ÛÙ³ÝÝ»ñáõÙ μ³ñÓñ³óÝáõÙ »Ý ý»ñÙ»ÝïÇ ½·³ÛÝáõÃÛáõÝÁ ïñÇåëÇÝáí åñáï»áÉÇ½Ç 
ÝÏ³ïÙ³Ùμ: 

 
ê³ÑÙ³Ý³÷³Ï ïñÇåëÇÝáÉÇ½ – åñáï»áÉÇïÇÏ ½·³ÛÝáõÃÛáõÝ – áõñ»áÃ»ÉÇÏ ³ñ·ÇÝ³½ 

 
Изучено влияние 8 L-аминокислот (аланин, валин, лейцин, изолейцин, γ-аминомас-                                  

ляная кислота, лизин, пролин, орнитин) на процесс ограниченного трипсинолиза аргиназы 
печени взрослых лягушек Rana ridibunda. Показано, что после 20 ч воздействия трипсина 
при 200C для изучаемого фермента лучшим протектором являлся L-аланин, частичными 
протекторами были лейцин, пролин, изолейцин, валин и γ-аминомасляная кислота, a лизин 
и орнитин повышали чувствительность фермента к протеолизу трипсином. 

 

Ограниченный трипсинолиз – чувствительность к протеолизу – уреотеличecкая аргиназа 
 

The inhibition of arginase activation by several amino acids has been investigated in 
detail long ago. Subsequently it has been approved that almost all L-amino acids have mi-
nor inhibitory effect on several mammals purified liver arginase [5, 6]. The investigation of  
bovine liver arginase inhibition by different amino acids revealed, that ornithine, lysine, 
leucine, isoleucine, valine and proline have significant inhibitory effect, in the case when 
alanine and histidine cause a slight impulsive effect on studied enzyme activity. According 
to the authors, the inhibitory effect of amino acids depends on carbon chain length and 
only L-isomers of amino acids have this influence [4]. Likewise, authors reached the 
similar results about Rana ridibunda frog liver arginase [1, 2]. The studied amino acids 
inhibitory effect is due to the changing in the α-amino groups’ protonation constant values 
or in α-carboxyl groups and enzyme active site binding [8].  

In this study, we attempt to investigate the effect of several amino acids (alanine, 
valine, leucine, isoleucine, γ-aminobutyric acid, lysine, proline, ornithine) on the sensitivity 
of  Rana ridibunda frog liver ureotelic arginase towards proteolytic inactivation. 
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Materials and methods. Rana ridibunda Pallas adult frogs are served as a research object. 

The study was approved by the ethics committee of the Biochemistry Department of YSU and 
implemented in accordance with the Helsinki convention related to animal studies. The Rana 
ridibunda frog liver arginase preparations final concentration is 5 %, which were prepared by 
distilled water. The absorbance of protein was measured in a spectrophotometer (Genesys 10S 
UV-VIS) at 280 nm. The molecular weights of fragments were determined by Gel-filtration 
method (Sephadex G-200, Uppsala, Sweden). The equilibration and elution was done with buffer 
solution containing 0.005 mol glycine-NaoH (pH=7.4) at 250C, elution velocity is 20 ml per hour. 

Marker proteins (urease, alcohol dehydrogenase, human serum albumin, pepsin, trypsin 
and ribonuclease) are used for determining the molecular masses. During the experiments we used 
purified, chymotrypsin free trypsin preparations, which was added by 1 mg/ml concentration to 
5% enzyme preparation. After 20 hours the reaction stopped by soybean antitrypsin, with 0.2% 
concentration in the solution. We used L-ornithine, L-lysine HCL and γ-aminobutyric acid,   leuci-
ne, isoleucine, valine, proline and alanine amino acids, respectively, 0.38 mM of amino acids per                   
1 ml of studied sample.  

 
Results and Discussion. In this study, we have investigated the inhibitory effects 

of the studied amino acids on liver arginase proteolytic inactivation. Prior to data 
collection, all samples were incubated for 30 min in 200C in the presence of correspon-
ding amino acids. The results are presented in tab. 1 and fig. 1-8. 

 
Tab. 1. The effect of several amino acids on the proteolytic inactivation process  

of  Rana ridibunda adult frog liver arginase, n=5 

 
According to the results obtained we can assume, that several L-amino acids 

protect the liver arginase from inactivation by trypsine. During the limited proteolysis a 
number of amino acids, including L-valine,L-leucine, L-isoleucine, γ-aminobutyric acid 
and L-proline consider the beneficial inhibitors of liver arginase (fig.1-5). Thus, enzyme 
pre-incubation by these amino acids before trypsinolysis decrease the number of derived 
fragments. Comparing the number of fragments in limited trypsinolysis without and by 
studied amino acids can be observed, that in preparation without amino acids after 
trypsinolysis appeared 4 fragments, while quantity of fragments decreases to 3 in prein-
cubated samples by mentioned amino acids, which is considered as the result of inhibi-
tory activity of  L-amino acids. 

Intriguingly, L-alanine (fig. 6) appears as one of the most potent protectors of 
liver arginase during the limited trypsinolysis. Therefore, after enzyme pre-incubation by 
alanine appeared only 2 fragments with 86000 and 37500 Da molecular weights. It is no-
table that, the stabilizing effect of alanine is reflected not only in the number of derived 
fragments likewise in the molecular weights of them. Presumably, alanine is considered 
a protector or surrender during the limited trypsinolysis by protecting trypsine sensitive 
bound on the surface of arginase.  

 

Amino acid Molecular weights of fragments № of fragments 
Limited tripsinolysis 
without amino acid 

62000 40000 33000 13700  4 

L-alanine 86600 37500    2 
L- isoleucine 53000 48800 33700   3 
L- leucine 30800 21700 16700   3 
L- valine 86600 48800 19900   3 

   γ-aminobutyric acid 53000 33700 16700   3 

L- proline 48800 16700 12300   3 
L- ornithine 86600 62600 48800 33700 16700 5 
L- lysine 86600 62600 48700 33700 19900 5 
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The other amino acids are either without effect or much weaker inhibitors of 

arginase, such as, frog liver arginase pre-incubation by L-ornithine and L-lysine (fig. 7, 
8) which are considered as competitive inhibitors of  frog liver arginase and as our 
attempts revealed simultaneously increase the sensitivity of enzyme towards trypsino-
lysis, producing minor changes in the proteolysis results. Therefore, the number of 
derived fragments has increased to 5. 

 

 
 

             Thus, we conclude that our results correspond with the studies relating to rat 
liver arginase, where the inhibitory effect of the studied amino acids toward arginase has 
previously been investigated by electron paramagnetic resonance method. According to 
the results obtained by EPR studies [7], arginase inhibitors divide into two classes which 
are differ by their interactions with enzyme active site. A number of inhibitors, including 
ornithine, citrulline and isoleucine which belong to the same class do not bind directly to 
the manganese cluster of arginase. 
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These amino acids producing insignificant change in arginase EPR intensity and 

presumably interact with the recognition regions of active site for the alpha-
aminocarboxylate groups of the substrate, which are located near the protein surface. 
The second class of inhibitors, including L-lysine, Nω-hydroxy-L-arginine (NOHA) and 
L-arginine (substrate) induce extensive changes in the EPR intensity and probably 
directly interact with dimanganese cluster of arginase. Nω-hydroxy-L-arginine (NOHA) 
is an intermediate in the nitric oxide synthase-catalyzed oxidation of L-arginine to                   
L-citrulline and nitric oxide, and it is also a competitive inhibitor of arginase [3]. Accor-
ding to suggested model, occurred deprotonation of the side-chain ε amino group of       
L-lysine or N amine atom transfer from arginine to the His141 residue, afterwards nitro-
gen neutral atom bind to the manganese ion in order to replace one of its ligands [7]. 

In conclusion, we note that almost all the studied 6 L-amino acids have protective 
effect and more or less protect the frog liver arginase from proteolytic inactivation, 
Exemptions are lysine and ornithine, which according to the authors are classified in dif-
ferent class of inhibitors and have distinct effect mechanisms [7]. However, they have 
the same effect on the Rana ridibunda frog liver arginase proteolytic inactivation pro-
cess, which probably depends on the adult frog liver arginase structural characteristics. 

 
 

REFERENCES 
 
 

1. Арцруни Н.А., Барсегян Э.Х., Давтян М.А. Сравнительное изучение аргиназы печени 
лягушек R. ridibunda до и после метаморфоза. Биолог. журнал. Армении, 54, 1-2, с. 3-8, 
2002. 

2. Барсегян Э.Х. Влияние ионов двухвалентных металлов на активность аргиназ различно-
го происхождения. Тезисы конференции молодых ученых, посвещеннoй 60-летию об-
разования СССР, Ереван, 1982. 

3. Cama E., Pethe S., Boucher J., Han S., Frances A., Ash D.E., Ronald E., Mansuy D., and 
David W.C. Inhibitor Coordination Interactions in the Binuclear Manganese Cluster of Argi-
nase. Biochemistry, 43, p.8987-8999, 2004. 

4. Carvajal, N.; Cederbaum, S.D. Kinetics of inhibition of rat liver and kidney arginases by 
proline and branched-chain amino acids. Biochimica et Biophysica Acta (BBA)/Protein 
Structure and Molecular Enzymology, 870, p.181-184, 1986 . 

5. Colleluori D.M., and Ash, D.E. Classical and slow-binding inhibitors of human type II 
arginase.  Biochemistry, 40, p.9356-9362, 2001. 

6. Ilies M.; Di Costanzo L.; North M.L.; Scott J.A.; Christianson D.W. 2-Aminoimidazole аmino 
аcids as inhibitors of the binuclear manganese metalloenzyme human arginase I. J. Med. 
Chem., 53, p.4266–4276, 2010. 

7. Khangulov S.V., Sossong T.M., Ash D.E., Dismukes G.C. L-Arginine binding to liver arginase 
requires proton transfer to gateway residue His141 and coordination of the guanidinium group 
to the dimanganese (II,II) center, Biochemistry, 37, p.8539-8550, 1998.  

8. Subrahmanyam T.S., Reddy S.R., L-ornithine and L-lysine need their alpha-carboxyl groups 
for effective inhibition of bovine liver arginase. Indian J. Biochem. Biophys. 6, p.359-61, 
1986. 

 
Received  on 22. 11.2012 


