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Abstract: Arginase was purified and characterized from the liver of tortoise (Kinixys erosa). The
specific activity of the enzyme was 36.7 µmoles/min with a yield of 39.55%. An apparent molecular
weight of 183,000±1,735 was estimated by gel filtration on Biogel P-200. The subunit molecular
weight was estimated to be 31,250±450 by sodium dodecyl sulphate gel electrophoresis. The Michaelis
constant (Km) of the enzyme was 66.7 ± 16.9 mM. A pH optimum in the presence and absence of
Mn2+ were 9.5 and 7.5 respectively while the optimum temperature was 60EC for the enzyme. Tortoise
liver arginase was specific for arginine as substrate. The effect of temperature on the stability of the
native enzyme produced an Arrhenius plot with apparent activation energy of 5.6 kcal and 26.8 kcal.
The amino acid composition revealed 231 residues per subunit with molecular weight of 29,193 dalton
and it showed a relatively higher content of glutamic acid, aspartic acid and arginine and a lower
content of valine and leucine.     

Key words: Tortoise, Liver, Kinixys erosa, arginase, uricotelics.

INTRODUCTION

Arginase (L-arginine amidinohydrolase, EC 3.5.3.1), is a primordial enzyme, which participates in the urea
cycle. It is widely distributed in the biosphere and represented in all primary kingdoms (Ouzounis, 1994;
Jenkinson, 1996). It is an enzyme responsible for divalent-cation dependent hydrolysis of L-arginine to form
the nonprotein amino acid L-ornithine and urea (Jenkinson, 1996; Mora, 1965a; Mora, 1965b; Kaysen, 1973;
Ash, 2004). 

Arginase plays a critical role in the hepatic metabolism of many higher organisms as a cardinal component
of the urea cycle (Jenkinson, 1996). Additionally, it occurs in numerous organisms and tissues where there is
no functioning urea cycle (Jenkinson, 1996; Kaysen, 1973; Ash, 2004). Many extrahepatic tissues have been
shown to contain a second form of arginase, closely related to the hepatic enzyme but encoded by a distinct
gene or genes and involved in a host of physiological roles (Spector, 1982; Iyer, 1998). A variety of functions
has been proposed for the extrahepatic arginase which include the synthesis of ornithine for the production of
glutamate and proline, synthesis of gamma-aminobutyric acid (GABA; a neurotransmitter), control of cellular
level of arginine and ornithine and synthesis of polyamines (a compound that is widely distributed in nature
and believed to play crucial roles in many essential cellular processes). Molecular biology has begun to furnish
new clues to the disparate functions of arginase in different environments and organisms. Examples include
its involvement in bulb growth and sprouting in plants, normal mammary gland development in rat, ammonia
detoxification, hormone secretion, immune modulation and cellular replication in humans (Jenkinson, 1996;
Kaysen, 1973; Boutin, 1982).

Comparative studies of arginase sequences are also beginning to elucidate the comparative evolution of
arginases, their molecular structures and nature of their catalytic mechanism (Jenkinson, 1996; Kaysen, 1973;
Boutin, 1982). Further studies have sought to classify the involvement of arginase in human diseases such as
breast cancer, colorectal cancer, tuberculosis, smooth muscle disorders, male and female sexual erectile
dysfunction, age-related endothelial dysfunction and atherosclerosis (Cama, 2003a; Baranczyk-Kuzma, 2003;
Ryoo, 2008).

Arginase is an enzyme that is ubiquitous in nature and has been identified and studied for several decades
in a large number of organisms (Greengard, 1970; Reyero, 1975; Grody, 1987). Prokaryotes and lower
eukaryotes that contain arginase use it for some purpose other than as urea cycle component (Huggins, 1969).
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The presence of arginase in chicken liver was reported by (Grazi, 1972) and (Grazi, 1972). Traniello et
al. (Traniello, 1975) found two arginases with similar sedimentation coefficients and substrate specificity in
chicken kidney. While heterogeneity was reported in rat liver (Herzfeld, 1976). There are little or no
information on the purification and characterization of arginase from the tortoise liver arginase. The
physicochemical properties will be useful in assigning physiological role to the enzyme, especially its
involvement in cartilage formation of carapace and plastron of the tortoise shell.

MATERIALS AND METHODS

Materials:
Trizma base, Trizma-HCl, ethylenediamine tetraacetic acid (EDTA), DEAE Cellulose, Reactive Blue

2-crosslinked agarose (suspension) and p-dimethylaminobenzaldelyde (Ehrlich reagent) were purchased from
Sigma Chemical Company, St. Louis, Mo., USA. Sucrose, sodium chloride, ammonium sulphate (enzyme
grade), glacial acetic acid, glycerol and hydrochloric acid were purchased from BDH Chemical Limited, Poole,
England. Sodium dodecyl sulphate (SDS), acrylamide and N, N1-methylene bisacrylamide (MBA), ammonium
persulphate, N,N,N1,N1-tetramethylenediamine (TEMED) are from Eastman, Rochester, NY, USA. All other
reagents were of analytical grade and were obtained from either Sigma or BDH. Tortoises were purchased from
a local market in Ile-Ife, Nigeria.

Methods:
Arginase Assay and Protein Determination:

Arginase activity was determined according to the method of Kaysen and Strecker (Kaysen, 1973). The
reaction mixture contained, in final concentration, 1.0 mM Tris-HCl buffer, pH 9.5 containing 1.0 mM MnCl2,
0.1 M arginine and 50 µl of the enzyme preparation was added in a final volume of 1.0 ml. The mixture was
incubated for 10 minutes at 37 °C. The reaction was terminated by the addition of 2.5 ml Erhlich reagent (2.0
g of p-dimethylaminobenzaldelyde dissolved in 20 ml of concentrated hydrochloric acid and made up to 100
ml by adding distilled water).

The optical density reading was taken after 20 minutes at 450nm.  The urea produced was estimated from
the urea curved prepared by varying the concentration of urea between 0.1 mol and 1.0  mol. The unit of
activity of arginase is defined as the amount of enzyme that will produce one  mol of urea per min at 37EC.
The protein concentration was routinely determined by the method of Bradford (Bradford, 1976) using bovine
serum albumin (BSA) as standard.

Tissue Extraction and Purification:
All operations were carried out at temperatures between 0 and 4°C. Centrifugations were done at 10EC

using IEC-DPR Cold Centrifuge. All buffers contained 1.0 mM MnCl2. pH measurement was made at 25°C
using Mettler MP200 Digital pH Meter. The shells of tortoises were cut opened and their livers were quickly
excised and stored in the refrigerator until required.  

The frozen livers were allowed to thaw at room temperature and weighed. A total of 340 g (wet weight)
of tissue was used for this preparation. The weighed mass of the liver was minced and homogenized in a
Warring Blendor for 1 min in nine volumes (v/w) of the homogenization buffer containing 0.25 M sucrose and
0.01 M MnCl2 in 0.01 M Tris-HCl buffer, pH 7.5. The homogenate obtained was stirred, occasionally, for one
hour at 4EC and then subjected to centrifugation at 6,000 rpm at 10EC for 30 min. The supernatant was filtered
through a double layer of cheesecloth. The cellular debris was resuspended in one volumes of the
homogenization buffer, homogenized in the Warring Blendor and centrifuged under the same condition. The
supernatant obtained was combined with that from the first centrifugation.

The supernatant obtained above was brought to 80% ammonium sulphate saturation (516 g/L) by the
addition of solid ammonium sulphate over a period of one (1) hour with occasional stirring and left for 12
hours. The resulting precipitate was collected by centrifugation at 6,000 rpm for 30 min and stored.

DEAE-Cellulose  Ion Exchange Chromatography:
The enzyme solution from the preceding step was dialysed for 18 hours against 5 mM Tris-HCl buffer,

pH 7.5 containing 5 mM MnCl2 and insoluble particles were removed by centrifugation at 6000 rpm. A column
(2.5 x 40 cm) of treated DEAE-Cellulose was packed and equilibrated with 5 mM Tris-HCl buffer, pH 7.2.
The dialyzed protein from the preceding step was then layered on the column. The column was first washed
with 5 mM Tris-HCl buffer, pH 7.2 to remove unbound proteins, followed by elution with a 400 ml linear
gradient of 0-1 M NaCl in 5 mM Tris-HCl buffer, pH 7.2. 
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Fractions of 5 ml were collected from the column that was maintained at a flow rate of 30 ml per hour.
Protein was monitored spectrophotometrically at 280nm. The fractions were also assayed for arginase activity.
The active fractions were pooled and brought to 70% ammonium sulphate by the addition of 1.0 litre of
saturated solution of ammonium sulphate (472 g/litre) in 5 mM Tris-HCl buffer, pH 7.2. 

Reactive Blue 2-Agarose Affinity Chromatography:
The resin, Reactive Blue 2-Agarose was packed into 2.5 × 20 cm column and equilibrated with 200 ml

of 5 mM Tris-HCl buffer, pH 7.5 containing 5 mM MnCl2. The enzyme solution from the preceding step was
dialysed for 18 hours against 5 mM Tris-HCl buffer, pH 7.5 containing 5 mM MnCl2 and insoluble particles
were removed by centrifugation at 6000 rpm. The enzyme solution was layered on the packed column and
eluted with a 400 ml linear gradient of 0-1 M KCl in 5 mM Tris-HCl buffer, pH 7.5. Fractions of 5 ml were
collected from the column at a flow rate of 30 ml per hour. Protein was monitored spectrophotometrically at
280 nm. The fractions were also assayed for arginase activity. All the fractions having arginase activity were
pooled and dialysed against 50 % glycerol in 5 mM Tris-HCl buffer, pH 7.5.

Gel Filtration on Biogel P-200:
Biogel P-200 gel filtration resin was washed with several changes of 5 mM Tris-HCl buffer, pH 7.5. This

was then packed in to the column (2.5 × 90) and equilibrated with 5 mM Tris-HCl buffer, pH 7.5. The enzyme
fraction from the preceding step was then applied to the Biogel P-200 column. Fractions of 4 ml were collected
at a flow rate of 10 ml per hour. Protein was monitored spectrophotometrically at 280 nm. The fractions were
also assayed for arginase activity. The active fractions were pooled and dialysed against 50 % glycerol in 5
mM Tris-HCl buffer, pH 7.5. 

Sodium dodecyl sulphate polyacrylamide gel (SDS-PAGE) was performed, both for the purpose
ascertaining purity of the preparation and for the determination of subunit molecular weight in accordance with
the procedure of Weber and Osborn (1975) on 10% gels using the phosphate buffer system. 

The native molecular weight was determined by gel filtration on Biogel P-200. The standard proteins were
ovalbumin (Mr 45,000; 3 mg/ml), bovine serum albumin (Mr 67,000; 5 mg/ml), creatinine phosphokinase (Mr
88,000; 5 mg/ml), γ-globulin (Mr 150,000; 5 mg/ml) and pyruvate kinase (Mr 230,000; 5 mg/ml). 

The subunit molecular weight of the pure enzyme was determined by SDS polyacrylamide gel
electrophoresis accordance with the procedure of Weber and Osborn (1975) on a 10% rod gel. Standard
proteins were as contained in Sigma Molecular Weight Markers Calibration Kit for SDS polyacrylamide gel
electrophoresis (Daltons Mark VII-L, Molecular Weight Marker Range 14,000-70,000). 

Determination of Kinetic Parameters:
The kinetic parameters (Vmax and Km) of the enzyme were determined according to Kaysen and Strecker

(1973). The Km of arginine was determined by varying the concentration of arginine between 40 mM and 150
mM in 2 mM Tris-HCl buffer, pH 9.5, in the presence of 0.01 mM MnCl2. The enzyme in 50% glycerol was
used for this study. The kinetic parameters were determined from the double reciprocal plot Lineweaver and
Burk (1934). 

Substrate Specificity Studies:
The substrate specificity of tortoise liver arginase was investigated by testing its activity towards

structurally similar compounds with guanidino group. The compounds includes L-arginine,
L-argininemonohyrochloride and guanidine chloride. The solutions of above compounds (30 mM) were prepared
in 2 mM Tris-HCl buffer, pH 7.2 and assayed routinely.

Effect of Temperature and pH:
 The activity of arginase was assayed at temperatures between 30°C and 100°C to investigate the effect

of temperature on the activity of the enzyme. The assay mixture was first incubated at the indicated
temperature for 10 min before the reaction was initiated by the addition of 50  l of the enzyme that had been
equilibrated at the same temperature.

 The effect of pH on arginase was studied by assaying the enzyme (i) in the presence of MnCl2 and (ii)
in the absence of MnCl2,  using the following buffers of different pH values: 5 mM citrate buffer (pH 5.0-6.5),
5 mM phosphate (pH 6.5-8.0), 5 mM Tris-HCl buffer (pH 8.0-11.0). One milliliter of the reaction mixture
contained 2.5 mM of the appropriate buffer, 0.1 M arginine and 20µl of enzyme preparation. 
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Determination of Amino Acid Composition:
The amino acid composition of the purified sample was determined by Dr. J. O. Ojobe, using Technicon

Sequential Multi-sample Amino acid Analyzer (TSM) after the method of Sparkman et al. (1958) at the
Department of Zoology, University of Jos, Nigeria.

Immunological Studies:
The method of Traniello et al. (1975) was used to raise antibodies against tortoise liver arginase from

rabbit. A solution of 1.35 mg of pure arginase from tortoise liver was dissolved in 0.3 ml of 0.9 % NaCl and
was later emulsified with an equal volume of Complete Freunds' Adjuvant. A portion (0.3 ml) of the resulting
emulsion was injected subcutaneously and another 0.3 ml was injected intramuscularly into the thigh of a male
rabbit. The injections were repeated 12 days later. Blood was collected 45 days after the first injection and
serum was obtained by clotting the blood at room temperature. Samples of serum prepared before the injection
of pure tortoise liver arginase were used as controls. Ouchterlony double diffusion test was carried out. 

Results:
Enzyme Purification:

The procedure yielded a homogeneous arginase with specific activity of about 36.72 µmoles/min/mg of
protein. The summary of purification of a typical purification procedure is shown in Table 1. The elution
profiles of the chromatographic steps of the procedure are shown in Figures 1-3. 

Figures 4a and 4b are photographs of the gels after electrophoresis of the purified tortoise liver arginase
in the presence and absence of sodium dodecyl sulphate (SDS). Polyacrylamide gel electrophoresis in the
absence of SDS produced a single band of protein for this preparation when stained with Coomassie Blue.
SDS-polyacrylamide gel electrophoresis also gave a single protein band. 

Molecular Weight:
The calibration curve on Biogel P-200 for native molecular weight determination is shown in Figure 5.

This results in a molecular weight of approximately 183,000 ± 1,735 daltons. Figure 6 shows the plot of the
calibration curve obtained when the relative mobility (Rf) values of the standards were plotted against the
logarithms of their molecular weights for subunit molecular weight determination. The subunit molecular weight
was estimated to be 31,250 ± 450 daltons. 

Kinetic Parameters:
The Lineweaver-Burk plot is shown in Figure 7 while Figures 8 and 9 show that of other substrates;

guanidine chloride and arginine monohydrochloride respectively. A summary of the Km and Vmax values are
presented in Table 2.

The overall results showed that tortoise liver arginase prefers arginine as substrate. It was observed that
high substrate concentration did not elicit an inhibitory effect. 

Effect of Temperature and pH on Enzyme Activity:
 The optimum temperature of the enzyme was found to be 60 0C at pH 9.5 (Figure 10a). Arrhenius plot

of log of activity against the reciprocal of temperature (1/Kelvin) is shown in Figure 10b. The plot is biphasic
with a break at 60EC. The activation energy values obtained from the two phases are 5.6 Kcal and 26.8 Kcal
respectively.

The optimum pH of tortoise liver arginase was at pH 9.5 (Figure 11a) in the presence of MnCl2. In Figure
11b, an optimum pH of 7.5 was observed in the absence of MnCl2. 

Amino Acid Composition:
The results of the amino acid composition analyses of tortoise liver arginase is presented in Table 3. This

produced a chemical weight of 29,193 which compares very well with the molecular weight of 31,250 obtained
by sodium dodecyl sulphate polyacrylamide electrophoresis. The amino acid composition obtained from this
method compares very well with those of chicken liver enzyme, pig liver enzyme, and rat liver enzyme.
Assuming a subunit molecular weight of 29,193 there are about 231 amino acids in the sequence. This
correlates very well with the total number of amino acids obtained from other sources.       
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Immunological Study:
The results of the immunological study is shown in Figure 12 (a and b). The result from the Ouchterlony

double immunodiffusion showed that the serum of rabbit obtained before the inoculation did not interact with
the tortoise liver arginase as there was no precipitin line formed (Figure 12a). However, the reaction between
the antiserum obtained after the inoculation showed a precipitin band with the tortoise liver arginase as seen
in Figure 12b.

Table 1: Summary of Purification of Tortoise Liver Arginase.
Extract Volume (ml) Total Protein (mg) Total Activity (U) Specific activity (U/mg) Yield (%)
Crude Enzyme 590 30,090.00 160,320.00 5.33 100.00
80% (NH4)2SO4 380 19,361.00 139,399.20 7.20 86.95
Precipitation
DEAE-Cellulose Ion 420 11,255.00 131,687.50 11.70 82.14
Exchange Chromatography
Reactive Blue Affinity 225 5,005.55 86,600.00 16.53 54.02
Chromatography
Biogel P-200 Gel  100 1,860.11 66,960.00 36.72 39.55
Filtration Chromatography

Table 1: shows the summary of the purification procedure of tortoise liver arginase. Each of the steps was
carried out as described in the text. Activity was measured by monitoring the urea produced in the reaction.
Protein was determined by the method of Bradford (1976). The unit of activity of arginase is the amount of
enzyme that will produce one  mol of urea per min at 37EC.

Fig. 1: DEAE Cellulose chromatography (column, 2.5 x 40 cm) of tortoise liver arginase. 

The column was first washed with 100 ml of 5 mM Tris-HCl buffer, pH 7.2 to remove unbound proteins.
The column was further  eluted with  400 ml linear salt gradient of 0-1 M NaCl in 5 mM Tris-HCl buffer,
pH. Fractions of 5 ml were collected from the column at a flow rate of 30 ml per hour. -!-!-!- Protein
profile; ---- activity profile; ____ salt concentration gradient; ____ pooled enzyme fraction.
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Fig. 2: Reactive Blue 2 crosslinked agarose affinity chromatography (column 2.5 × 20) of tortoise liver
arginase. 

The column was first washed with 100 ml 5 mM Tris-HCl buffer, pH 7.5. The enzyme solution was
layered on the packed column and eluted with a 400 ml linear gradient of 0-1 M KCl in 5 mM Tris-HCl
buffer, pH 7.5. Fractions of 5 ml were collected from the column at a flow rate of 30 ml per hour. -!-!-!-
Protein profile; ---- activity profile; ____ salt concentration gradient; — pooled enzyme fraction.

Fig. 3: Biogel P-200 gel filtration chromatography (column 2.5 × 90) of tortoise liver arginase. 

The eluant was 5 mM Tris-HCl buffer, pH 7.5. Fractions of 4 ml were collected at a flow rate of 10 ml
per hour. -!-!-!- Protein profile; ---- activity profile; — pooled enzyme fraction.
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Fig. 4a: Polyacrylamide gel electrophoresis of tortoise liver arginase.

Electrophoresis was in the absence of sodium dodecyl sulphate (SDS). The enzyme sample was purified
according to the method of Kaysen and Strecker (1973) for the chicken kidney arginase except that the heating
and second ammonium sulphate steps were replaced by affinity chromatography step. 
(A) Pure tortoise liver arginase 
(B) Crude extract of tortoise liver arginase    

Fig. 4b: Sodium dodecyl sulphate polyacrylamide gel electrophoresis of tortoise liver arginase. 

The separating gel was 10% rod gel. The running buffer was 0.1 M phosphate, pH 7.2. The standard
proteins were as contained in Sigma Molecular Weight Markers Calibration Kit consisting of BSA, 66,000;
egg albumin, 45,000; glyceraldehyde-3-phosphate dehydrogenase(G3PD), 36,000; bovine carbonic anhydrase
(BCA) 29,000 and bovine pancreas trypsinogen (BPT), 24,000. TLA=Tortoise liver arginase 
A- The standard proteins.
B- Purified Tortoise. 
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Fig. 5: Calibration curve on Biogel P-200 for native molecular weight determination of tortoise liver arginase.

The native molecular weight was determined on a Biogel P-200 column (2.5 × 90 cm). The standard
proteins as indicated on the curve are ovalbumin, bovine serum albumin (BSA), creatinine phosphokinase
(CPK), γ-globulin and pyruvate kinase (PK). Tortoise liver arginase is indicated by the arrow.

Fig. 6: Calibration curve for sodium dodecyl sulphate polyacrylamide gel electrophoresis on a 10% phosphate
gel for tortoise liver arginase. 

The relative mobility (Rf) values of the standard protein were plotted against the logarithms of their
respective molecular weight. The standard proteins as indicated on the curve are albumin (BSA), egg albumin
(Alb egg), glyceraldehydes-3-phosphate dehydrogenase (Gly-3-PG), pepsin and trypsinogen. The tortoise liver
arginase (TLA) mobility is indicated by the arrow.

Fig. 7: The Lineweaver-Burk plot showing the effect of varying concentrations of arginine on the initial
reaction velocity at pH 9.5. The reaction mixture of 1 ml contained 1 mM Tris-HCL buffer, pH 9.5,
1 mM MnCl2, 50 µl of enzyme and arginine concentration varying between 40 mM and 150 mM. 
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Fig. 8: The Lineweaver-Burk plot showing the effect of varying concentrations of guanidine chloride on the
initial reaction velocity at pH 9.5. The reaction mixture of 1 ml contained 1 mM Tris-HCL buffer,
pH 9.5, 1 mM MnCl2, 50 µl of enzyme and guanidine chloride concentration between 50 mM and
150 mM.  

Fig. 9: The Lineweaver-Burk plot showing the effect of varying concentrations of arginine monohydrochloride
on the initial reaction velocity at pH 9.5. The reaction mixture of 1 ml contained 1 mM Tris-HCL
buffer, pH 9.5, 1 mM MnCl2, 50 µl of enzyme and arginine concentration between 50 mM and 150
mM. 

A summary of the true kinetic parameters obtained at pH 9.5. One unit of activity is the amount of the
enzyme that will catalyse the hydrolysis of one micromole of arginine per minute under the conditions
described in the text. Results were the average of three determinations. 

Table 2: Kinetic Parameters for the substrates of tortoise liver arginase.
Substrate ACTIVITY (%) Km (mM) Vmax (µmol/ml/min)
Arginine 100 66.70 ± 16.90 33.30 ± 1.17 
Guanidine Chloride 34 176.80 ± 24.00 32.10 ± 1.42
Arginine monohydrochloride 28 200.0 0± 19.10 20.80 ± 3.66
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a

b

Fig. 10: Effect of Temperature on Enzyme Activity.

The activity of tortoise liver arginase was assayed at temperatures between 30°C and 100°C. (a) The
activity-temperature profile showing the optimum temperature. (b) Arrhenius plot of log of activity (unit/ml)
against  the reciprocal of temperature (1/Kelvin).

Fig. 11: Effect of pH on the tortoise liver arginase.

One milliliter of the reaction mixture contained 2.5 mM of the appropriate buffer, 0.1 M arginine and 0.02
ml enzyme preparation. The following buffers of different pH values were used for the pH determination: 5
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mM citrate buffer (pH 6.0-6.5), 5 mM phosphate (pH 6.5-8.0), 5 mM Tris-HCl buffer (pH 8.0-11.0).
(a) pH determination in the presence of MnCl2.
(b) pH determination in the absence of MnCl2.

Table 3: Amino acid composition of tortoise liver arginases.
Amino acid Residue Molecular weight (s) Concentration (g/100g protein) Nearest Integral
Lys 146 10.4 10
Arg 174 12.4 12
His 155 9.1 9
Asp 133 29.1 29
Thr 119 7.3 7
Ser 105 10.7 11
Glu 147 36.2 36
Pro 115 14.4 14
Gly 75 10.1 10
Ala 89 22.4 22
Cys 103 8.8 9
Val 117 14.1 14
Met 149 10.4 10
Ile 131 12.2 12
Leu 131 15.1 15
Tyr 181 3.4 3
Phe 165 4.2 4
Trp 186 ND ND
Total Residue = 231
Total Residue Mol. Wt =29,193
ND: Not determined and omitted from calculation.  

Amino acid composition of tortoise liver arginase. The arginase from tortoise liver is characterised by  low
content of lysine (Lys), threonine (Thr), cysteine (Cys) and the aromatic amino acids. The enzyme is also
characterised with high content of aspartic acid (Gln) and glutamic acid (Glu). Tryptophane was not determined
(ND) and was used in the calculation.

Fig. 12a: Ouchterlony Double immunodiffusion.

i. The centre well contained the antiserum before the inoculation with purified tortoise liver arginase in
Freund's Adjuvant (control).

ii. The surrounding wells contained purified arginase from tortoise liver. 
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Fig. 12b: Ouchterlony Double immunodiffusion.

Immunoprecipitation of tortoise liver arginase by rabbit anti (liver arginase) serum.
i. The centre well contained the antiserum of purified tortoise liver arginase. 
     The surrounding wells contained purified arginase from tortoise liver. 
ii. The centre well contained the purified arginase from tortoise liver 
     The surrounding wells contained antiserum of purified tortoise liver arginase.

Discussion:
Cytoplasmic arginase was purified to homogeneity from the liver of land tortoise (Kinixys erosa,

Schweigger) using a procedure that included ion exchange chromatography on DEAE-Cellulose and affinity
chromatography with Reactive Blue 2-Agarose. The specific activity of the pure tortoise cytosolic arginase was
approximately 36.72 micromoles urea produced per minute per mg (units/mg) of protein with a yield of
39.55%. This specific activity value was found to be lower than that obtained and reported for most ureotelic
and uricotelic arginases. The arginase of Saccharomyces  cerevisiae had a specific activity of 655 unit/mg
(Green, 1990), 6400 units/mg; chicken  kidney (Traniello, 1975), 810 units/mg for chicken liver with arginine
as substrate and 760 units/mg with argininic acid as substrate (Grazi, 1972), 90 units/mg; human full-term
placenta (Porta, 1976) and 2460 units/mg; rabbit liver (Vielle-Breitburd, 1972). Gopalakrishrina and Nagaranja
(1980) obtained 213.0 units/mg from rat fibrosarcoma. The value (36.7 units/mg of protein) obtained for
tortoise liver arginase is very close to those of rat kidney, 23.9 units/mg (Kaysen, 1973). Reptiles and birds
(uricotelic organisms) have been found to have lower arginase specific activities than other vertebrates
(Jenkinson, 1996). 

The high level of arginase in Iris hollandia bulb is consistent with elevated activity in germinating plants
(Boutin, 1982; Carvajal, 1989; Dabir, 2005), while the high activity of the enzyme in rabbit liver and human
liver (ureotelic type I arginase) are in accordance with the physiological role proposed for the enzyme which
is essentially the hydrolysis of arginine with concomitant production of urea (Dabir, 2005). The high level in
chicken liver is related to its function in ornithine production for growth and development (through synthesis
of proline) (Vielle-Breitburd, 1972).

The native molecular weight (Mr) of the native enzyme from tortoise liver was estimated to be 183,000
dalton with a subunit molecular weight of 31,250 dalton. This suggests that tortoise liver arginase is possibly
a hexamer. 
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All the result of sodium dodecyl sulphate polyacrylamide gel electrophoresis gave only a single band of
protein stain which showed that tortoise liver arginase is a homohexamer. Molecular weight has been used as
one of the tools for the classification of arginases into ureotelic and uricotelic arginases (Mora, 1965a; Mora,
1965b). Ureotelic arginases have been reported to have molecular weight range of 110,000-140,000 dalton and
uricotelic arginases (including the ammonotelic) having molecular weight range of 180,000 - 280,000 dalton
(Jenkinson, 1996; Mora, 1965a). Some plant species have been found to have exceptionally very high molecular
weight above 320,000 dalton. Most of the ureotelic liver enzymes have been shown to be trimeric in structure
(Jenkinson, 1996). Some are also reported to be tetrameric and dimeric in structure. But the uricotelic arginases
presents different arrangement and sizes. They have been reported to be hexameric eg. chicken and lizard liver
(Jenkinson, 1996; Rossi, 1969; Porembska, 1973), Pista pacifica (Porembska, 1973) and Neurospora crassa
(Borkovich,1987).  

The subunit molecular weight of 31,200 dalton of tortoise liver compares very well with various reports.
Rat liver arginase has a subunit molecular weight of 30,800 dalton (Hirsch-Kolb, 1968) and 34,925 dalton
(Kawamoto, 1986; Kawamoto, 1987), human liver arginase, 34,732 dalton (Kawamoto, 1987; Spector, 1982;
Haraguchi, 1987), beef  liver, 37,200 dalton (Harell, 1972) and guinea pig liver, 38,500 (Brusdeilins, 1985).
A consideration of the known molecular weights of arginases from different species indicates there is no
general correlation between the molecular weight of arginase from a given species and that species' excretory
nitrogen metabolism (Reddy, 1969).

The Km values of the tortoise liver complex are compared with those of the enzymes from animals and
plant sources. The Km values of ureotelic organisms falls between 1-20 mM (Mora, 1965b) while that of the
uricotelic ranges from 40-200 mM (Jenkinson, 1996). However, low Km values have been reported for some
other uricotelic organisms (Reddy, 1969; Issaly, 1974; Schrell, 1989). The kinetic properties of the enzymes
from ureotelic organisms showed marked difference from that of uricotelic organisms. This difference could
indicate; (i) the function and (ii) location/distribution of the enzyme (Jenkinson, 1996). It has been reported
that ureotelic arginase are located mainly in the liver where their main function is the hydrolysis of arginine
to urea and ornithine; a major enzyme in urea cycle (Jenkinson, 1996). The uricotelic enzymes are found in
other part of the body where they perform different functions in these organisms. 

For the specificity studies of tortoise liver arginase, two guanidino compounds were tested as alternative
substrates. The Km of tortoise liver arginase for L-arginine was found to be lower compared to that of
L-arginine monohydrochloride and guanidine chloride. Different workers have shown in their reports that
L-arginine is the preferred substrate for arginase (type I and type II arginases) (Jenkinson, 1996,Harell, 1972;
Reczkowski, 1994). Substrate specificity of the arginases depends on (i) the presence of an intact guanidinium
group, (ii) the proper length and hydrophobicity of the side chain, and (iii) the stereochemistry and nature of
substituent's at the alpha cabon (Reczkowski, 1994). 

A common feature of all arginases thus far studied, whether of eukaryotic or prokaryotic origin, is a
requirement of divalent cations for activity (Jenkinson, 1996). Mn2+ is the physiologic activator, although the
divalent cation requirement for some arginases has been reported to be satisfied by Co2+ and Ni2+ (Mendz,
1998; Tormanen, 2001) and in some instances by Fe2+, Co2+, and Cd2+ (Campo, 1994). Arginase is a
metalloenzyme in which manganese act as a cofactor, activator and a stabilizing molecule (Ash, 2004; Dabir,
2005; Reczkowski, 1994). The effect of cations on the tortoise liver arginase was similar to the result obtain
by other investigators. Mn2+ satisfies the metal ion requirement of tortoise liver arginase. In addition to Mn2+,
tortoise arginase was also activated by Sn2+, Hg2+, Ba2+ and Co2+. The enzyme was markedly sensitive to
inhibition by Zn2+, Ni2+ and Mg2+. Kaysen and Strecker (1973) showed that Mn2+ and Mg2+ enhanced arginase
activity after preincubation of rat kidney, but, Fe2+, Hg2+, Co2+, Cd2+ and Ni2+ decreased the enzyme activity.
In gill tissue of bivalve Semele solida, Mn2+, Ni2+, Cd2+ and Co2+ satisfy the metal ion requirement of the
enzyme but was inhibited by Zn2+ (Campo, 1994). In the liver arginase of Merluccius gayi, Mn2+ was reported
to satisfy its metal ion requirement and to a lesser extent by Cd2+ and Co2+ (Carvajal, 1989). The replacement
of Mn2+ in the Vigna catjang cotyledon arginase with other metal ions such as  Mg2+ and Co2+ restored more
than 60 % activity, Ni2+ and Fe2+ restored about 45 % activity, Ca2+ and Zn2+ restored about  35-38 % activity
and Cd2+ restored only 10 % activity (Dabir, 2005). In the case of buffalo liver enzyme, Mg2+ restored almost
all the activity while Cd2+, Ni2+ and Ca2+ restored about 40-50 % of the original activity of the enzyme. Fe2+

and Zn2+ completely inactivated the enzyme (Dabir, 2005). The rat mammary gland arginase is also a
metalloenzyme that is dependent on Mn2+, which can be only partially substituted by Cd2+ (Campo, 1994). Few
optimum temperatures have been reported for arginases. The arginase from the Sockeye salmon was reported
to have an optimum temperature of 45EC (Cvancara, 1971), Helix pomatia and Helix aspersa both showed
optimum temperature between 60 and 65EC (Baret, 1972). 
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The temperature optimum for P. pacifica was about 60 oC (O'Malley, 1974). These results compares very
well with the optimum temperature of 60EC obtained for tortoise liver arginase. The maximum activity for V.
catjang cotyledon arginase and buffalo liver arginase were at 35 EC and 45 EC respectively (Dabir, 2005).
Shade plant ginsen (Panax ginsen) root arginase had an optimum temperature of 60 EC (Hwang, 2001; Lavulo,
2001) reported an optimum temperature of 70 EC for wild type arginase of rat liver. The arginase of the
variant was characterised by decreased temperature and showed highest activity at 63-65.5 EC (Lavulo, 2001).
The optimum temperature for arginase from a thermophile was found to be 60 C (Patchett, 1991). Mn2+ has
been shown to be responsible for the stability of arginase at very high temperature (60 C) (Lavulo, 2001).
Arrhenius plot of the effect of temperature on reaction rate constant was plotted and the apparent activation
energy values from the two slopes were 5.6 kcal/mol and 26.8 kcal/mol. The 5.6 kcal/mol obtained for tortoise
liver arginase appeared to be lower than 7.2 kcal/mol reported for rat fibrosarcoma arginase, 7. 3 and 7.2
kcal/mol for rat liver and kidney arginases respectively (Gopalakrishna, 1980). Fuente et al. (Fuente, 1991)
obtained 11.5 kcal between 20 and 40?C and 13.3 kcal between 40 and 60?C from hepatocyte plasma
membrane bound arginase. O'Malley and Terwilliger (1974) reported activation energy of 8.09 kcal for arginase
from P. pacifica. This value (5.6 kcal) obtained for tortoise liver arginase falls within the physiological
activation energy range (1 kcal-25 kcal) for physiological processes in living organisms (Fruton, 1963;
Whitaker, 1972).

The effects of pH on arginase activity have been studied extensively by many investigators. The influence
of pH on tortoise liver arginase was studied in the presence and absence of Mn2+. The optimum pH obtained
in the presence of Mn2+ was 9.5 while in the absence of Mn2+, the optimum pH was 7.5. This pH value in
the presence of Mn2+ is in consonance with the optimum pH range of 9.0-9.5 for buffalo liver arginase (Dabir,
2005) and human blood serum (Baranczyk-Kuzma, 1981). On the hand, an optimum pH of 9.7-9.8 was
reported for chicken kidney (Kadowaki, 1978). Although some exceptions have been noted. Gasiorowska et
al. (1970) have found four different isoenzymes of arginases in rat tissues, one of which had a pH optimum
of 7.5. On the other hand, Patil et al. (1990) noted an optimum pH of 11.5 for Ox-erythrocyte arginase at 55
EC. The variation of activity with pH suggests that an ionizable group may function at the catalytic site (Kuhn,
1991; Turkoglu, 1992). Porta et al. (Porta, 1976) obtained an optimum pH of 9.1 from human full-term
placenta. Optimum pH of 10.0 was reported for arginases of rat fibrosarcoma (Gopalakrishna, 1980) and bovine
liver (Harell, 1972; Greenberg, 1960), and also Vigna catjang cotyledon arginase (Dabir, 2005). 

The amino acid compositions of arginase from different sources have been reported. These include human
liver arginase (Ikemoto, 1990), human erythrocyte arginase (Turkoglu, 1992), bovine liver arginase (Harell,
1972), rat liver arginase (Porembska, 2001) and chicken liver arginase (Grazi, 1972). The arginase from tortoise
liver is characterised by a low content of lysine, threonine, cysteine and the aromatic amino acids. The enzyme
is also characterised with a content of aspartic acid and glutamic acid, characteristics of acid enzymes (Grazi,
1972). The minimum molecular weight based on the amino acid residues was estimated to be 29,193 dalton
with a total of 231 amino acid residues. Kawamoto et al. (1987) obtained 323 residues with an estimated
residue molecular weight of 34,925 dalton from cDNA of rat liver arginase. The result from the Ouchterlony
double immunodiffusion showed that the tortoise liver arginase is different from the ureotelic rabbit arginase
and therefore could be classified as a uricotelic type II arginase. Mammalian hepatic-type arginase has been
reported to be immunological distinct from the extrahepatic arginases (Jenkinson, 1996). Rat liver arginase was
shown to crossreact with immunologically with arginase from the submaxillary gland but not with other from
other tissues (kidney, intestine and pancreas) (Herzfeld, 1976). Porembska et al. (2001) observed similar result
on arginase isoforms in human colorectal cancer. They found from their result based on the investigation from
the double immunodiffusion test in the presence of antisera directed against the human liver arginase  that the
colorectal arginase was different from the main human liver arginase. Furthermore, Traniello et al. (1975)
reported that the antigenic specificity of the arginase from chicken liver and arginase from chicken kidney
appears to be similar, but they do not cross react with the rabbit antibody prepared against the uricotelic
arginase from liver.It could be concluded that the arginase in tortoise liver is similar to those of uricotelics in
terms of kinetic and physicochemical properties and that the physiological role of the enzyme is probably the
production of ornithine, proline and glutamate which are involved in polyamine biosynthesis and in fact in the
carapace and plastron biosynthesis.        
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