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Abstract

Leishmania Spp. are a group of protozoan parasites which cause 
a wide range of human diseases from localized self-healing cutane-
ous lesions to fatal visceral infections. Isoenzyme characterization 
by using various enzyme systems is a reliable and important tool for 
differentiation between various species of protozoa especially fam-
ily trypanosomatidae including genus Leishmania. In this study two 
enzyme systems were evaluated for identification of isolated organ-
isms from patients with cutaneous leishmaniasis (CL) in endemic foci 
of Fars province South of Iran. In some cases, it was observed that 
some enzyme systems routinely used in Leishmania parasite identi-
fication centers do not differentiate well between species, so it was 
decided to use non routine enzyme systems. Isoenzyme pattern of 
two enzyme systems, Gloutamate Dehydrogenase (GDH) and Hexo-
kinase (HK) were compared by Poly Acryl amide Gel Electrophoresis 
(PAGE) and Cellulose acetate Electrophoresis (CE) in characterization 
of Leishmania major, Leishmania tropica and Leishmania infantum. 
Our findings showed the enzymes GDH on PAGE could differentiate L. 
major from L. tropica and L. infantum. The HK enzymatic system used 
on CE in this study has ability to differentiate three species of L. major, 
L. tropica and L. infantum.
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Figure 1: Gloutamate dehydrogenase (GDH) Gel electrophoresis 
using PAGE of L. Infantum, L. tropica and L. major.

Introduction

Leishmaniasis includes several diseases caused by the ki-
netoplastid protozoan of the genus Leishmania [7]. Both cuta-
neous and visceral leishmaniasis occur in the Mediterranean 
basin. The Old-World species, L. tropica and L. major, are the 
causative agents of CL while the Leishmania donovani complex 
is responsible for the visceral form of the disease [7,8]. Because 
of the wide clinical spectrum of CL in tropical and temperate 
zones of the world and the appearance of new CL foci, there is 
a realneed for Leishmania parasite characterization [1,4]. Iso-
enzyme electrophoresis has proven to be a more reliable and 
precise method to distinguish the parasites at the species and 
subspecies levels [8,10].

In this study 2 enzyme systems were evaluated for identi-
fication of isolated organisms from patients with CL and VL in 
endemic foci of Fars province South of Iran. In some cases, it 
was observed that some enzyme systems routinely used in 
Leishmania parasite identification centers do not differentiate 
well between species, so it was decided to use two new enzyme 
systems. In this study, Isoenzyme pattern of two enzeme sys-
tems, Gloutamate Dehydrogenase (GDH) and Hexokinase (HK) 
were evaluated for their strength for differentiation between L. 
tropica, L. major and L. infantum.

Material and methods

Enzyme extraction

L. tropica, L. major and L. infantum were cultured in BHI me-
dium. Leishmania promastigotes were harvested at the end of 
the logarithmic phase by centrifugation at 3000× g at 4°C for 
20 min. The supernatants were discarded and the pellets of 
promastigotes were washed three times by PBS (pH 7.2) to 106 
promastigotes per 1 milliliter BHI then harvested and collected 
pellet.

The following method was used for enzyme extraction from 
the pelleted organisms: An equal volume of hypotonic aqueous 
solution of enzyme stabilizer was added to the washed pellet 
of promastigotes, (1 mM L-amino-n-caproic acid, 1 mM dithio
threitol and 1 mM EDTA, Sigma) and it was mixed thoroughly. 
Freezing was carried out at the liquid nitrogen and thawing was 
done at 25-30oC for three times. The extract was centrifuged at 
30000 ×g for 20 min at 4oC. The supernatant was aliquot and 
was stored at -70oC

Polyacrylamide gel electrophoresis

Analysis was performed using Polyacrylamide Gel Electro-
phoresis (PAGE). Electrophoresis was performed using 4% of 
stacking gel, 7% of separating gel, a stacking buffer composed 
of Tris/HCl (pH=6.8), a resolving buffer of Tris/HCl (pH=8.8) and 
a tankbuffer of Tris/HCl (pH=8.3), which ran under a constant 
current of 2.5 mA/well for 45 minutes. Tetrazolium staining was 
performed using specific substrate according to the previous 
studies for GDHE.C.1.4.1.3 and HKE.C.2.7 1 1 [3,4,6].

CE

Cell Buffers Used for Cellulose Acetate-Plate Soaking and 
Electrophoretic Migration for GDH enzyme system was (Tris, 
0.65 M boric acid, 0.016 M EDTA, pH 8.0) and Staining solution 

(170 mg L-glutamtc acid, 5 mg NAD, 5 mg NADP, 12 mg MTT, 
3 mg PMS) and Reaction Buffers Used for Preparation of the 
Staining Solutions was 1M Tris-HCl, pH 8 0.

Cell Buffers used for cellulose acetate-Plate Soaking and 
Electrophoretic Migration for HK enzyme system was (0.2 M 
NaH2P04 to 0.2 M Na2HP04 to reach pH 7.0) and staining solu-
tion was (20 mg D-glucose, 3 IU glucose 6-phosphate dehydro-
genase, 250 pL SS MgCl, 10 mg NADP, 10 mg ATP, 1.2 mg MTT, 
3 mg PMS) and Reaction Buffers Used for Preparation of the 
Staining Solutions was 1M Tris-HCl, pH 8. 0 [4].

Result

The result of evaluation of GDH enzyme system on PAGE was 
shown in Figure 1. L. infantum has two intensive bands with 
Relative Factor (RF) of 0.35 and 0.47 and L. tropica showed a 
clear band with RF 0.37 and a band with RF 0.5, but there is only 
a faint band with RF 0.3 in L. major.

There are some smear on PAGE of HK. The HK enzyme sys-
tem created thick bands using the polyacrylamide matrix, but 
in the cellulose acetate matrix the bands became sharper and 
clearer.

The result of HK enzyme system on cellulose acetate was 
shown in Figure 2. L. major showed one bands with RF 0.3 
and L. tropica showed two bands with RF of 0.18 and 0.3 and I 
showed one band with RF of 0.18.

Figure 2: Hexokinase (HK) Celloulose Acetate electrophoresis of L. 
Infantum, L. tropica and L. major.
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Discussion

Leishmaniasis is a tropical disease caused by a variety of 
parasites from the genus Leishmania. It is transmitted to mam-
malian hosts by sandflies of the genus Phelebotomus in the Old 
World and Lutzomia in the New World. Leishmaniasis has a wide 
specterum of clinical manifestations, including a simple to dis-
seminated skin lesion, and in some species mucocutaneous or 
visceral symptoms [7,9,11]. The macrophages are the main tar-
get cells for Leishmania, but some documents confirmed that 
fibroblasts may infected with Leishmania [12]. Determining the 
characteristics of the Leishmania parasite is critical in order to 
identify vectors and reservoirs of the disease in endemic or epi-
demic foci. About 30 species of Leishmania are known, of which 
at least 20 are capable of infecting humans [2]. All of these spe-
cies are morphologically similar and microscopic examination is 
only suitable for genus identification and is not able to detect 
species [10]. Molecular, biochemical and serological tools could 
be differentiate various species of Leishmania. Among these 
methods, the method of comparing parasite isoenzymes, which 
is an accurate method based on the parasite phenotype, is of 
particular importance. In this method, which is also known as 
fingerprint method, up to 25 enzyme systems can be studied 
[4,8,10]. Since this valuable technique is very time consuming 
and costly, it is necessary to consider the cost-effectiveness of 
doing it. To achieve this goal, it is necessary to select enzymes 
that have the lowest cost and the highest power to differentiate 
between species.

In this study, two systems, GDH and HK, which are active in 
the metabolic pathways of Leishmania parasite, were studied 
and in both systems, the power to differentiate between the 
three most common species in the old world was fully observed. 
Both systems were able to differentiate L.tropica, L. major and 
L. infantum.

In some studies the enzymes MDH, NH 1, NH2, PGM, GPI, 
ME, and 6PGD could differentiate L. major and L. tropica from 
L. infantum though the enzymes MDH, NH and GPI were found 
to be more efficient in characterizing these Organisms [5]. The 
result of HK characterization of Leishmania on cellulose acetate 
was demonstrated that this method is highly efficient in com-
parison with PAGE. In contrast, the GDH system in polyacryl-
amide matrix has a better differentiation ability compared to 
electrophoresis on cellulose acetate.

Conclusion

Since the isoenzyme electerophoresis technique is very time 
consuming and costly, it is necessary to consider the cost-effec-
tiveness of doing it. It could be recommended that GDH and HK 
are suitable systems for differentiate L. major, L. tropica and L. 
infantum.
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