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Summary 
A partial DNA Iibrary of kinetoplast DNA (kDNA) from 

leishmania major (MRHO/lR./64/Nadim-1) was prepared in 

Bluescript plasmid. Using Dot blot and Southem blot analysis 

against three different leishmania strains, L. infantum, L. major and 

L. tropica, one of them (IRI-m1), showed to be specific for L. major 

(MRHO/lR./64/Nadim-1) and the other, IRI-m2 hybridized with 

L. infantum as weIl as L. major. Both of these DNA fragments were 

sequenced. It was shown that these two fragments possess only 

55% sequence homology. These finding denote that 

heterogeneity of minicircle DNA exist in a single species. 
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Introduction 
Leishmania are protozoan parasites of mammals that have two distinct life stages. 

They exist as extracellular promastigotes within the gut of the sandfly vector and are 

introduced into the mammalian host when the infected insect take a blood meal. 

Subsequently, promastigotes are engulfed by mononuclear phagocytic ceIls, such as 

macrophages, and th en the promastigotes convert into their intracellular amastigote 

form (Read and Chandler, 1961). These protozoan parasites are responsible for 

cutaneous and visceral Leishmaniasis in man (WHO, 1990). Cutaneous Leishmaniasis 

has caused serious health problems, fatalities and economic losses world wide. It is 

endemic in sorne countries such as Iran, Afghanistan, Brazil, India and many South 

American and African zones. Cutaneous Leishmaniasis is subdivided into two major 

categories: 1) anthroponotic cutaneous Leishmaniasis and 2) zoonotic cutaneous 

Leishmaniasis. 
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Differentiation of cutaneous Leishmania species depends on different factors such as 

ecology, biology, biochemistry and immunology of the parasite (Wilson 1995) and it is 

important for prognosis and correct chemotherapeutic agents as weIl as the 

epidemiological studies of the disease (Lawire 1985) So far no standard method for 

species differentiation for the genus Leishmania existed. For the last decade and a 

half, DNA based techniques have been used to differentiate the Leishmania species 

using kinetoplast DNA as the template (Lopes et al. 1984, Sheline and Ray 1989, 

Kessler 1992). 

Leishmania mitochondrial DNA, unlike other eukaryotic cells is organized in specific 

topological DNA molecule named kinetoplast DNA (kDNA)(Simpson et al. 1990). 

Kinetoplast consists two distinct DNA molecules. They are both circular DNA 

encircled together, individually or in combination. Large circles or maxicircle DNA of 

40-50 kb in size and 30-50 in number encode for mitochondrial enzymes (Simpson, 

et al. 1980, Cruzie et al. 1984, Simpson 1987). Minicircle DNA consists of smaller 

circles of 0.5-2.9kb (2.9kb minicircles are known in Crithidia) and there are 

approximately to,OOO per kinetoplast molecule (Simpson et al. 1994) which confirm a 

network (Cheng and Simpson 1978, Englund 1979). Coding for small guide RNA 

(gRNA) is their only known biological function. gRNA, in turn is involved in 

mitochondrial RNA editing phenomena (Sturm and Simpson 1991, Benne 1993, 

(Simpson et al. 1994, Theimann et al. 1994, Kulesikov 1994, Gutrerres-Solar et al 1995). 

Minicircle DNA sequences are conserved in minicircle sequences in both 

promastigote and amastigote forms of the parasite (Simpson 1987, Simpson 

et al. 1994). 

Due to rather high numbers and the conserve sequences of minicircles, they have 

been selected as good targets for differentiation studies of Leishmania species using 

molecular biology techniques (Lawire et al. 1985, Bozza et al. 1995). 

Minicircle sequences vary between parasite species and between minicircles of same 

kinetoplast molecule (Simpson et al. 1980, Simpson 1987). In this study we have shown 

that there are at least two different kDNA with 55% homology. 

Materials & Methods 
Parasite: The Leishmania strains used in this study are Leishmania major (MRHO/IR 

/64/Nadim-1), Leishmania infantum (MHOM/IR/74/Edrissian) and Leishmania tropica 

(MHOM/SO/58 OD strain). 

Medium: N.N.N medium was used for parasite maintenance and cultured 

subsequently in RPMI 1640 (Rosewell Park Memorial Institute) medium 

supplemented with to% heat inactivated fetal calf serum and toOU penicillin per ml 

(Osland et al. 1992). 
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kDNA extraction: Barker's method was used for lysa te preparation and kDNA 

extraction (Barker et al. 1985). Briefly, 109 promastigotes were harvested, transferred 

to cortex tubes and spun at 8500xg for 1 min. Supernatant was decanted and pellet of 

lOS promastigotes was suspended in 1 ml of NET 100 buffer (lOmM Tris pH 8, lOmM 

NaCI and 100 mM EDTA pH 8). This stage was repeated and the pellet was 

suspended in 300,u1 of 10% sarkosyl and 700,u1 of NET 100 buffer (for the whole of 

109 promastigotes). Lysate was incubated at 60°C for Ihr followed by adding 20,uglml 

Proteinase K and incubating for 30min at 55°C. This was spined at 16000xg for 1 hr 

kDNA was extracted by phenol chloroform isoamyl aIcohol (P.C.I) and precipitated 

byethanol. 

Elution of DNA fragment from agarose gel: For eIution of DNA fragments from 

agarose gel, Tautz and Renz method was used (Tautz and Renz 1993). Briefly, DNA 

fragments were electrophoretically separated, stained by ethidium bromide (2,uglml) 

and DNA visualized with UV light (366 or 254 nm). Precipitated bands were cut out 

and intact gel slices were diluted in 2 volume of TE buffer (lOmM Tris pH 8, ImM 

EDTA pH 8) and incubated in 68°C water bath for 5min then followed by P.C.I 

extraction and ethanol precipitation. 

kDNA digestion and palsmid DNA depbospborylation: lO,ug each of kDNA and 

pBluescript were digested using BamHI restriction enzmye for 2hrs at 37°C. Digested 

plasmid was dephosphorylated using alkaline phosphatase (Sambrook et al. 1989) and 

was used in a cIoning along with L. major kDNA using T4 DNA ligase 

( Dugaiozyk et al. 1975, Gastra and Hansen 1984). 

Transformation and colony screening: E. coli XLlBlue [F (pro AB+lacz âM15 Tn 10 

(tetr ) (Brown 1994). Competent cell was prepared by Hanaham method ( Hanaham 

1983), then transformed with 50 ng of Iigated DNA and grown on LB agar plate 

containing X-gal and IPTG (Sambrook et al. 1989). Ten randomly selected white 

colonies [containing recombinant plasmid] were grown in 5 ml of LB broth containing 

ampiciline and tetracycIine for over night. 

Plasmid DNA preparation: Plasmid DNA was extracted using Alkaline method 

(Sambrook et al. 1989). The extracted DNA was screened by agarose gel 

electrophoresis for quality and cut by BamHI. 

Iabeling: The inserts from restriction enzyme reaction were separated on 1.5% 

agarose gel (Tautz and Renz 1993). DNA was recovered and used for DNA labeling 

method according to manufacturer guide (Boehringer Mannheim Biochemica 1994). 

Briefly, l,ug of DNA was incubated at 37°C over night in 20,u1 reaction mixture 

4 



containing 2,u1 of hexanucleotide, 2,u1 of dNTP Digoxygenin labeling mixture and l,ul 

of klenow enzyme. Probe was ethanol precipitated and quantitated using dot blot on 

Pail Biodyne nylon membrane and compared to control labeled DNA. RNA probes 

were prepared by Run off Synthesis method (Sturzl and Rothman 1990). One,ug of 

linearized recombinant plasmid was incubated at 37"C for 2hrs in 20,u1 reaction 

mixture containing 2,u1 of NTP Digoxygenin labeling mixture 2,u1 of interested RNA 

polymerase and l,ul of Rnasine. Probe was ethanol precipitated and quantitated using 

dot blot on Pail Biodyne nylon membrane and compared to control labeled RNA. TI 

and T3 promoters are located one on either side of pBluescript multiple cloning site 

(MCS), when each of them become activated by sui table RNA polyrnerase, RNA will 

be transcribed from DNA that had been cloned in plasmid multiple coloning site 

(Sambrook et al. 1989, Barton et al 1991). 

Hybridization: Both RNA and DNA probes were used in Dot blot and Southem blot 

hybridization (Southern 1975) studies by spotting kDNA extracted from L. major, 

L. infantum and L. tropica on the nylon membrane (Pail et al. 1989). The nylon 

membrane was given 120,000 mj in UV cross linker and placed in a plastic bag 

(Darling and Briekell 1994) and treated with 2 mVl00 cm2 of prehybridization buffer 

(Barker et al. 1985). Plastic bags were sealed and incubated for 1 hr at 42°C for DNA 

probe and 50°C for RNA probe. The required amount of boiled DNA probe or RNA 

probe (approximately 20-50 ng) were added to hybridization buffer (Barker et al. 

1985) and replaced immediateiy with prehybridization buffer and incubated at 42°C 

for DNA probe and 50°C for RNA probe over night. The membranes were washed 

and followed by color development according to manufacturer's Digoxygenin guide 

line (Sturzl and Kurt Rothman 1990). 

Sequencing: Sanger chain terminating inhibitors method was used (Sanger et al. 1977). 

Resu/ts 
kDNA Iibrary: Partial DNA library from L. major was prepared using BamHl 

restriction enzyme. Ali digested kDNA were c10ned in pBluescript. The cloned 

samples were screened against kDNA from different Leishmania species, L. tropica, 

L. major and L. infantum and two clones were obtained, IRI-ml and IRlm-2 were 

selected in respect to their low cross reactivity with other strains. IRI-ml with 800 bp 

and IRI-m2 with 850 bp size is shown in Fig. 1. Since the size of a complete minicircle 

DNA in L. major is between 800 to 1300 bp, IRI-mi and IRI-m2 can cover most of 

minicircle in this species. L. tropica and L. infantum were digested with EcoRI 

restriction enzyme and c10ned into pUC18 then used for control. The third lane in 

Fig. 1 is one possessing a 250 bp size from L. tropica. 
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1 2 3 4 

.-If-------_. 600 bp 

.... _____ ..... 100 bp 

Fig. 1: 1 % agarose gel electrophoresis of recombinant plasmids (after digestion by BamHI restriction 

enzyme). Lane 1,IRI-ml showing an insert of 800 bp in size; Lane 2, IRIm-2 showing an insert of 850 

bp in size; Lane 3, a 250 bp clone of L. tropica kDNA. lane 4, 100 bp ladder. 

Hybridization : The IRI-ml hybridized strongly with pBlueseript possessing the 800 

bp kDNA and showed a positive control eapaeity for hybridization experiment. 

IRI-ml bonded strongly with 2 and 20ng white hybridized weakly with 200pg kDNA 

template (Fig. 21ane 9). This probe also hybridized at a lower density with IRI-m2 at 

20ng (Fig. 2 lane 1) as weil as with kDNA template derived from L. tropica(Fig. 2 la ne 

3).Using different kDNA template, the best hybridization results were obtained with 

kDNA from L. major (Fig. 2 line 9). Thus this probe (IRI-ml) seems to be more 

specifie. 

6 



2 ·3 4 5 6 7 8 9 10 

a lOng 

b lng 

C 100 ng 

Fig. 2: kDNA dot blot hybridization with IRI·ml probe 

Lane l,A pBluescript clone possissing a fragment of L. major kDNA (!RI-m2). 

Lane 2, A pBluescript clone possissing a fragment of L. major kDNA (IRI-ml). 

Lane 3, A pUCl8 clone possessing a fragment of L. tropica kDNA. 

Lane 4, A pUCl8 clone possessing a fragment of L. tropica kDNA. 

Lane 5, A pUCl8 clone possessing a fragment of L. infantum kDNA. 

Lane 6, A pUCl8 clone possessing a fragment of L. infantum kDNA 

Lane 7, A pUCl8 clone possessing a fragment of L. infantum kDNA. 

Lane 8, L. tropica kDNA. 

Lane 9, L. major kDNA. 

Lane 10, L. infantum kDNA. 

The experiment was confirmed by using Southern bIot hybridization technique 

(Fig. 3). Three different kDNA tempIates from L. infantum, L. major and L. tropica was 

subjected for hybridization with IRI-ml probe. The resulted band represents a 

specifie ban ding capability of this probe with L. major only (Fig. 3). 
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1 2 3 

Fig. 3: kDNA Southern blot hybridization by IRlm-1 Riboprobe. 

Lane 1, Leishmania infantum kDNA. 

Lane 2. Leishmania major kDNA. 

Lane 3, Leishmania tropica kDNA. 

1 2 3 

Fig. 4: kDNA Southem blot hybridization by IRlm-l Riboprobe . 

Lane 1, Leishmania infanlum kDNA. 

Lane 2, Leishmania major kDNA. 

Lane 3, Leishmania lropica kDNA. 
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IRI-m2, is hybridized not only with L. major but also with L. infantum with less 

specificity (Fig. 4). Three kDNA templates from L. infantum, L. major and L. tropica 

were subjected to hybridization. The probe hybridized with kDNA from L. infantum or 

either its origin, L. major. Indeed it represents that there are at least sorne common 

minicircles among different species of Leishmania. Meanwhile, this probe didn't 

hybridized with L. tropica (Fig. 4 line 3). This finding' could be due to similarity 

between kDNA sequences among different species. 

Both IRI-ml and IRI-m2 were sequenced. The sequencing data are shown in Fig. 5 

and Fig. 6. A total of 659 bp of IRI-ml probe was sequenced and compared with a 

Genebank data. The maximum similarity, 51 % was observed with a clone of 

L. /aren/olae minicircle (Kidan et al. 1994). The GC residues were 51.9% with no open 

reading frame (ORF). 

1 GGATCCCCCA GATATATMT ATATTCTATT ATCTMCTCC ATCCCCATAG 

51 CTATGGGTTA GGAGGATACC CAGGCCAGGG CMTCMCAC AGGTCTACAG 

101 CCATGATCGT ATAGGACCM GGAGCTGM ACCCCACMG CCAMGMTC 

151 AMGCGAGCA AGGATCGGTA GGCCMCCGG GCACCAGMT CAMCCTCCG 

2111 GGCCCACMT CACGATACCT AGCCGACCTC CGGCCTGATC GTCCGGATAT 

251 TCCTCCGGCG ATCTGGMCG ATATATMTA TATCTATTAT CTMCTCCAT 

JOI CCCCATAGCT ATGGGTCTAG AGGATACCCA GGCCAGGGCT ATGMCACAG 

351 GTCTACAGCC ATGATCGTAT AGGACCMGG AGCGTGAMC CCCACMGCC 

401 AMGMTCM ATGCGAGCM GGATCGGTAG GCCCAGGCCA GGGCTATCM 

451 CACAGGTCTA GCCATGATCG TATAGGACCA AGGAGCGTGA MCCCCACGA 

lOI AGCCAMGAA TCAMGCGAG CMGGATCGG TAGGCCMCC AGGGTCATCC 

m AGAATCAMC CTCCATGGCC CMGGATCGG TAGGCCMCC AGGGTCATCC 

601 CCMCACMG GGTTCCCTCA CGACAGGGTT AGAGCGATCA GGTTGTGTTG 

651 GCGGCGGGG 

Fig. 5: IRI-ml sequence 

1 GATCCMTM GTCCTATGCA TMGAGCCTA GGCGCMCAG ACTAGGTATA 

51 CATCMGCTC AGACGCCAGT CAMGACCCT AGMCTCGAG AGCCTAGAGC 

101 CTACCNNCCC GGGGATMGT CCAGTMCTA AGAGCCMGG TCCGCACMC 

151 AMGACTAGG TATMCTCCA ACCTMGCCT ACAGAGCCCA GTCAMAGAC 

2111 CGCTAGACCA TGCGAGCCTC ACCAGAGTAC AGACGCCTAG CAGACACGGA 

251 AGCACGMGA CGTGACTGAC GACCGCATAC TGTTAGTCCC ATCATGACGT 

JOI AACCGMGCC TGMCGGCCC GACMCMGA AGCATAGGTA MCCGMGCC 

351 AGGCCTCCAG CAGCCAGTCC TAGAMGCCA CCTAGACCCA TCGAGCCAGC 

401 CTCMCCCAG AGTCAGCCAC MGCTCAGAG TCACCAGAGA CCGCACAGCA 

451 GCAGCCAGTC CMAMGCCA CGCTAGACCC MGTTCCCCT GAGTCCAGCC 

501 CTCGAMCCC AGAGTCMGC CCMAMGAC CTCAGMGTC CCACCMGAG 

551 CCAGCMCCC GGTTCCAGAC TGGTCCCAGA TGGMCCAGT TCTAGGCAGA 

(,01 GCCACGGAGA TCCGATCAGG ACACCCATAT TCCACCGTTG AGCTGGCATG 

<.lI TTGAGATTAG GTTGTAGTAT GAGTTGTATG ATCATGATTC TAG 

Fig. 6: IRI-m2 sequence 
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From the second probe, IRI-m2, 693 bp was sequenced and compared as above with 

Genebank. The maximum homology was 52% with a clone of L. tarentolae minicircle . 

(Kidan et aL 1994). The percentage of the GC residues in this sequence was 53.2%. 

There was no ORF in this sequence, too. Regarding with this finding both sequences 

show that in fact minicircles are not encoding for any proteins. The comparison of the 

two sequences showed 55% homology. This is the highest homology found with 

L. major presented here and upto date published data. These findings reflect that 

there are 45% heterogeneity among minicircles of L. major. 

Discussion 
For differentiation of Leishmania species, kDNA RFLP (Restriction Fragment Length 

Polymorphism) pattern (schizodeme analysis) is a more accu rate method in 

comparison with mixed isoenzymatic pattern (used for Leishmania characterization). 

Since changes occur in the characters of the axenic cultures during long term 

maintenance (Simpson and Silva 1971, Solari et al 1992) schizodeme analysis alone or 

in combination with other techniques of DNA analysis (Van Eys et al. 1991) has been 

shown to be very useful in the characterization of several trypanosomatids including 

Leishmania. Lapes and his workers in 1984 reported sorne variations using 

endonuclease Msp l, in the profiles among the strains which had been typed as being 

identical by enzyme e1ectrophoresis. 

ln this paper we have shown at least two classes of minicircle in leishmania major a) 

IRI-m1 specifically found in L. major and b) IRI-m2 is common between L. major and 

L. infantum. These findings represent a heterogeneity among minicircle kDNA 

sequence of L. major as shown previously by Pacheco et al. (1990), they showed the 

heterogeneity among clone of New World Leishmania species by schizodeme analysis. 

While Simpson et al. (1980) and Kidan et aL (1994) showed the heterogeneity in L. 

tarentolae minicircle sequence. 

Dot blot hybridization of IRI-m1 with three Leishmania kDNA shows that this probe is 

hybridized strongly with total kDNA of L. major and hybridized with lower density 

with total kDNA of other Leishmania, this is due to sequence homology between sorne 

of minicircles kDNA (Wirth and McMahon Pratt 1982, Lawire et al. 1985, Sheline and 

Ray 1989) and it could possibly also be a technical problems either the dot blot is not 

specific or due to the GC ri ch sequence. 

Southern blot hybridization shows specificity for L. major with IRI-m1 and do es not 
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cross hybridize with other Leishmania kDNA. This minicircle in L. major is comparable 

with that of L. donovani reported by Gupta previously (Gupta et aL 1991). 

The IRI-m2 probe hybridized strongly with L. infantum kDNA compared to L. major 

kDNA; it is possiblly due to more numbers of this minicircle c1ass in L. infantum 

kDNA than of L. major kDNA. Sorne of minicircle kDNA are unique for species (like 

IRI-ml) and sorne others are homologous to other Leishmania kDNA (like IRlm-2) 

(William and Wirth 1987). In this study we showed different hybridization patterns by 

probes as it was done by Lawire et aL (1985), William and Wirth (1987). They 

constructed a DNA library of the enzyme digested L. mexicana amazonensis kDNA with 

three subfragments sufficient to different taxonomic subspecies and species specific. 

Lu Hong-gang and Hu Xiao-su (1990), reported 59-79% sequence homology between 

whole minicircle of L. donovani. While, previously Jackson et al (1984) had 

demonstrated homology between kDNA sequence by hybridization with L. major, 

L. tropica, L. chagasi, and L. infantum as we found in IRI-m2 which is common between 

L. major and L. infantum. Eichelman et aL (1988) compared several lizard Leishmania 

species in term of minicircle kDNA sequence. They reported several different 

minicircle sequence classes within a single strain yielding fragment. Borst and Fowler 

(1980) had shown sequence heterogeneity of the minicircle of Trypanosoma brucei by 

digestion of kDNA with a number of restriction endonucleases. 

Our experiments show that Riboprobe is more specifie than DNA probe because 

DNA probes are prepared by random prime of hexanucleotides and cause labeled 

DNA with unequal different sizes (Boehringer Mannheim Biochemica 1994). But 

Riboprobe synthesized the same template DNA size (Kessler 1992). 

In summary, according to DNA sequencing and hybridization analysis it was shown 

that there are at least two minicircle classes in Leishmania major kinetoplast DNA and 

55% homology existing between these two sequences. One is specifie for L. major and 

the other is found in L. infantum. 
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