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ABSTRACT 

Native polyacrylamide gel electrophoresis have been used to analyze malate dehydrogenase (MDH), acid phosphatase 
(Acph) and peroxidase (Px) isoenzymes in different tissues (liver, kidney, muscle and heart) of the tilapia fish, Oreo- 
chromis niloticus in order to study the tissue specificity of these isoenzymes. Three, two and one fractions have been 
recorded respectively for the three isoenzymes in different studied tissues. The MDH-1 and MDH-2 have been ex- 
pressed only in muscle and heart while MDH-3 has been expressed in all studied tissues. The percentage amount of 
MDH in general varied significantly between muscle and different studied tissues. With respect to acid phosphatase, the 
percentage amount of the total enzyme showed significant difference between liver and muscle and that this variation 
may be due to higher gene activity in liver. Peroxidase isoenzyme was recorded in liver and heart only with significant 
increase in liver. The kidney was the least among the studied tissues in showing gene expression for the studied isoen-
zymes and therefore, liver, heart and muscle tissues are better applicable in studying the isoenzymatic profiles for fish 
physiology and systematics. 
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1. Introduction 

Tilapiini is a highly diverse tribe with more than 70 spe- 
cies belonging to the order Perciformes, family Cichlidae 
[1] to which the commonly called tilapia belongs. Tilapia 
is a generic term used to designate a group of comer- 
cially important Cichlid fish, which consists of three gen- 
era: Oreochromis, Sarotherodon and Tilapia [2]. The 
Nile tilapia O. niloticus is the most widely farmed spe- 
cies [3], recognized as one of the most important species 
in tropical and subtropical aquaculture because of their 
production potential [4]. 

Several investigations have been concerned with the 
characterization of tissue-and organ-specific isoenzyme 
patterns [5-12] among which little were concerned with 
fishes. Few studies have concerned with the isoenzyma- 
tic profiles in the Nile tilapia [4,13]. 

LDH and MDH isoenzymes are major system found in 
fishes. They are classified in different groups on the basis 
of their possession in different tissues or cell organelles 
[14,15]. Chaudhuri and Krishna [16] studied the tissue 
specificity and the degree of polymorphism of five en- 
zyme systems in Labeo rohita from Yamuna namely in 
liver, muscle, heart and brain tissues. 

Acid phosphatases often occur in multiple forms dif- 
fering in molecular sizes [17]. In animals its biological 
role is not yet clear but it is involved in many biological 
systems which are linked to energy metabolism, meta- 
bolic regulation and cellular signal transduction pathways 
[18]. 

Peroxidase enzyme (H2O2 donor and consumer) con- 
tains many isoforms which partake in a variety of meta- 
bolic functions. In animals, peroxidase enzymes are in- 
volved in phagocytosis and immune cell function [19,20], 
cell adhesion [21], antioxidant function [22,23] and the 
oxidative polymerization of hydroquinones to melanin [24]. 

The present study aimed to investigate whether the 
studied isoenzymes differently expressed in the different 
tissues of the Nile tilapia Oreochromis niloticus culti- 
vated in the Saudi Arabian farms. 

2. Materials and Methods 

Fish samples were freshly obtained from a fish Farm in 
Makkah city, immediately taken to the lab. Male samples 
weighing 241 - 276 g were used. The samples were then 
autopsied and the organs were taken and stored at –80˚C 
for further laboratory use. The targeted organs were the 
liver, the kidney, a muscle and the heart. *Corresponding author. 
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The Isozymes used were: malate dehydrogenase (MDH), 
acid phosphatase (Acph.) and peroxidase (Px). For iso- 
enzyme extraction, approximately 0.5 g of tissue was 
homogenized in 2 mL saline solution NaCl (0.9%) using 
a manual Homogenizer. The homogenates were centri-
fuged at 5000 rpm for 10 minutes and the supernatants 
were kept at –20˚C until use. For electrophoresis, 30 μL 
of the extract was mixed with 10 μL of treatment buffer 
and 35 μL of this mixture was applied to the well. Isoen-
zymes were electrophorased in 10% native-polyacryla- 
mide gel as described by Stegemann et al. [25]. After 
electrophoresis, the gels were stained according to their 
enzyme system with the appropriate substrate and che- 
mical solutions then incubated at room temperature in 
dark for complete staining. In most cases the incubation 
for about 1 to 2 hours is enough.  

In gels staining, protocols of Jonathan and Wendell 
[26] for MDH, Wendel and Weeden [27] for Acph and 
Heldt [28] for Px were used. Gels were washed two or 
three times with tap water; fixed in ethanol: 20% glacial 
acetic acid (9:11 v/v) for 24 hours; and photographed. 

After the appearance of the enzyme bands, the reaction 
was stopped by washing the gel two or three times with 
tap water. This was followed by adding the fixative so- 
lution, which consists of ethanol and 20% glacial acetic 
acid (9:11 v/v). The gel was kept in the fixative solution 
for 24 hours and then was photographed. 

All gels were scanned using Gel Doc-2001 Bio-Rad 
system. For isoenzymes, the bands of enzyme activity 
were designated using the known system of nomencla- 
ture [29]. An abbreviation which corresponds to the 
name of the enzyme designated each locus. When multi- 
ple loci were involved, the fastest anodal protein band 
was designated as locus one, the next as locus two and so 
on.  

The data were expressed as means ± standard error of  

mean. The percentage amounts for isoforms were com- 
pared using the independent t-test. All analyses were 
performed using the Statistical Package for Social Sci- 
ences (SPSS) software v. 13 in a PC-compatible com- 
puter and the significance was set at P < 0.05. 

3. Results and Discussion 

Malate dehydrogenase isoenzyme showed three fractions 
in the electrophoretic pattern (Figure 1). The first two 
fractions (MDH-1 and MDH-2) were recorded in muscle 
and heart tissues only while the third fraction was re- 
corded in all studied tissues. Table 1 showed the mean 
and standard error for the percentage amount of the stud- 
ied isoenzymes in the different Tilapia tissues. The 
MDH-1 isoform that occurred only in muscle and heart 
didn’t show any variation in its activity between these 
tissues. On the other hand, the MDH-2 isoform that also 
occurred only in muscle and heart showed a significant 
increase (P < 0.05) in its activity in muscle than in the 
heart. MDH-3 was significantly higher in liver (P < 0.01) 
and kidney (P < 0.05) than in muscle. The percentage 
amount of the total enzyme was significantly higher in 
muscle tissue (P < 0.01, P < 0.05) than in liver and kid- 
ney tissues. 

Acid phosphatase showed clear tissue specificity in its 
expression. The enzyme recorded two types (Acph-1 and 
Acph-2) in liver tissue while only one cathodal type ap- 
peared in muscle tissue. The fastest anodal type was ex- 
pressed with significant increase in liver (P < 0.05) than 
in muscle tissues (Table 1). The electrophoretic pattern 
(Figure 2) clearly demonstrated high intensity (P < 0.05) 
for the bands recorded in liver tissues. No band was 
shown in kidney and heart tissues. Siddiqua et al. [30] 
and the references cited therein revealed that three types 
of acid phosphatase have been described in vertebrates 
based on molecular weight and its localization within the  

 

 
Locus RF Lane 1 Lane 2 Lane 3 Lane 4 Lane 5 Lane 6 Lane 7 Lane 8 Lane 9 Lane 10 Lane 11 Lane 12

MDH-3 0.016 + + + + + + + + + + + + 

MDH-2 0.227 - - - - - - + + + + + + 

MDH-1 0.347 - - - - - - + + + + + + 

1      2      3      4       5    6   7     8   9   10   11    12 

MDH-3 

 
MDH-2 

 
MDH-1 

 

Figure 1. The electrophoretic profile (above) and the recorded isoforms with the relative mobility (RF) (below) of MDH 
isoenzymes in the studied tissue samples. Lanes are as follow: 1 - 3 (liver); 4 - 6 (kidney); 7 - 9 (muscle) and 10 - 12 (heart). 
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Table 1. Mean ± SE of the percentage amount for the studied isoenzymes in different tissues of Fish (Tilapia). The signifi- 
cance level was calculated by Student t-test. +significance level between liver and muscle; ♦significance level between kidney 
and muscle; *significance level between Liver and heart and #significance level between muscle and heart. 

Tissue 

Heart Muscle Kidney Liver 
Isoform (locus) Enzyme 

4.86 ± 0.61 5.99 ± 0.33 - - 1 

3.47 ± 0.38# 10.70 ± 1.49 - - 2 

6.95 ± 3.44 1.33 ± 0.09++,♦ 8.29 ± 1.63 5.30 ± 0.31 3 

28.72 ± 3.93* 26.33 ± 1.68++,♦ 8.29 ± 1.63 5.30 ± 0.31 Total 

MDH 

- 7.15 ± 0.94+ - 11.07 ± 0.38 1 

- - - 4.17 ± 0.04 2 

- 7.15 ± 0.94+ - 30.93 ± 2.79 Total 

Acph 

6.17 ± 0.03** - - 9.70 ± 0.02 1 

6.17 ± 0.03** - - 9.70 ± 0.02 Total 
Px 

The significant level was considered when P < 0.05. 

 

 
Locus RF Lane1 Lane2 Lane3 Lane4 Lane5 Lane6 Lane7 Lane8 Lane9 Lane10 Lane11 Lane12

Acph-2 0.039 + + + - - - - - - - - - 

Acph-1 0.145 + + + - - - + + + - - - 

1      2      3      4      5    6     7     8     9     10    11    12 

Acph-2 

 

 
 

 

Acph-1 

 

Figure 2. The electrophoretic profile (above) and the recorded isoforms with the relative mobility (RF) (below) of acid 
phosphatase (Acph) isoenzymes in the studied tissue samples. Lanes are as follow: 1 - 3 (liver); 4 - 6 (kidney); 7 - 9 (muscle) 
and 10 - 12 (heart). 
 
cell organelle. 

Regarding peroxidase isoenzymes, only one sharp frac- 
tion was recorded in liver and heart tissues (Figure 3). 
This enzyme could also be considered as a good indi- 
cator for tissue specificity where it was expressed as two 
fractions (Px-1 and Px-2) in liver and heart tissues with 
significantly higher activity in the liver (P < 0.01). In 
marine invertebrate [31], changes in peroxidase levels 
can signify immunomodulation due to contaminants and 
other environmental stressors. The enzyme processes an 
importance in the defenses of many different organisms 
[32]. Early roles of peroxidase induction in resistance 
may include the oxidation of substrates to produce cyto- 
toxic molecules [33], production of reactive oxygen as 

cytotoxic molecules [34] and regulation of the oxidative 
state of the tissue [22]. We therefore, can assume that the 
less expression of peroxidase in the tilapia tissues may be 
attributed to the good environmental condition of the 
farm from which the samples collected. Many other fac- 
tors can also be considered for this low expression such 
as the decreased quality of the chemicals used to investi- 
gate the enzyme, the bad storage of the tissues used or 
the bad handling of the samples obtained. These factors 
may also be considered for all isoenzymes studied herein. 

Gene duplication [6] as well as post-translational pro- 
cessing mechanisms have been proposed as important 
factors in modulating tissue-specific enzymes. Removal 
of N-terminal amino acids [35], rate of translation of  
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Locus RF Lane1 Lane2 Lane3 Lane4 Lane5 Lane6 Lane7 Lane8 Lane9 Lane10 Lane11 Lane12

Px-1 0.020 - + + - - - - - - + + + 

1       2       3      4        5      6    7     8       9      10      11    12 

Px-1 

 

Figure 3. The electrophoretic profile (above) and the recorded isoforms with the relative mobility (RF) (below) of peroxidase 
(Px) isoenzymes in the studied tissue samples. Lanes are as follow: 1 - 3 (liver); 4 - 6 (kidney); 7 - 9 (muscle) and 10 - 12 
(heart). 
 
mRNA, or rate of protein degradation [36] have been 
suggested as post-translational processing mechanisms 
that lead to tissue-and organ-specific isoenzyme patterns 
in fishes. In the present study, it was obvious that the 
kidney was the least among the studied tissues in show- 
ing gene expression for the studied isoenzymes. The only 
expressed enzyme in kidney tissues was MDH. We may 
therefore conclude that liver, heart or muscle tissues are 
better applied in studying the isoenzymatic profiles for 
fish physiology and systematics. We also agreed with 
Shahjahan et al. [13] in that the findings in the present 
study may be extended to use genetic markers in various 
fields of physiology, taxonomy and toxicology in Nile 
tilapia (O. niloticus). 

4. Conclusion 

In this work it has been shown that liver, heart and mus- 
cle tissues are better applied in studying the isoenzymatic 
profiles for fish physiology and systematics. The present 
study may also be used as a clue for using genetic mark- 
ers in various fields of physiology, taxonomy and toxi- 
cology. Application of more isoenzymes to freshly ob- 
tained tissues can give more obvious discrimination among 
the different fish organs. 
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