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ABSTRACT 

The kinetoplastid parasite Leishmania infantum is responsible for zoonotic visceral 

leishmaniasis in the mediterranean basin, where dogs are the reservoir. Differential gene 

expression analysis by whole genome DNA microarray hybridization revealed up-

regulation of genes involved in infectivity of metacyclic promastigotes in axenic 

culture, together with two unidentified genes that had not been annotated in the 

parasite's genome sequences. Sequence analysis revealed that these genes encode for 

guide RNAs (gRNAs), which are located in the kinetoplast and participate in the 

kinetoplastid-specific uridine insertion/deletion RNA editing process. Northern blot 

assays confirmed that both gRNA genes are up-regulated in metacyclic promastigotes, 

thus suggesting that uridine insertion/deletion RNA editing contributes to metabolic 

shifts at this stage. A screening strategy described herein has revealed an 

uncharacterized 16S-like rRNA transcript as a target of one of the aforementioned 

gRNAs.  
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1. Introduction 

 Visceral leishmaniasis (VL) causes approximately 60,000 annual deaths 

worldwide. Leishmania infantum (Kinetoplastida: Trypanosomatidae) is the etiological 

agent of zoonotic VL in the mediterranean basin . The main reservoirs are domestic and 

stray dogs, in which the course of infection involves a complex and variable mixture of 

cutaneous and visceral clinical signs. The Leishmania spp. life cycle consists of the 

flagellated promastigote stage and the amastigote stage. Promastigotes develop inside 

the mid gut of phlebotomine sand flies, which inoculate metacylic (i.e. highly infective) 

promastigotes in the dermis of the mammalian host. Amastigotes bear a non-emergent 

flagellar structure, are round in shape, and multiply inside mammalian 

reticuloendothelial cell phagolysosomes.  

 Differential gene expression between the Leishmania spp. life cycle stages has 

been widely studied. Gene expression profiling by means of whole genomic DNA 

microarray hybridization analysis and in vitro infection assays using U937 myeloid cell 

line stimulated with phorbol 12-myristate 13-acetate (PMA) confirmed that negative 

selection with peanut agglutinin (PNA) is suitable for separation of L. infantum 

metacyclic (PNA-) and procyclic (PNA+) axenic promastigotes and that PNA- are more 

infective than PNA+ promastigotes (Alcolea et al., 2009). RNA was reversely 

transcribed with random hexamer primers using a 1:3 aminoallyl-dUTP:dTTP mixture, 

chemically labeled with cyanine dyes, hybridized with genomic DNA microarrays, and 

analyzed as described (Alcolea et al., 2009).  
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 Six inserts from the shotgun genome library clones shown in Table 1 did not 

match with the L. infantum nuclear genome sequence (Alcolea, 2010), which can be 

found in TriTrypDB (Aslett et al., 2010). Subsequent alignments against the NCBI 

databases using the BLAST tool revealed that these clones contain minicircle 

sequences, which bear guide RNA (gRNA) genes. These gRNA genes lack of Sau3AI 

restriction sites, as a difference with the entire minicircle sequences. This explains that 

they could be included in the genome library used for microarray construction avoiding 

interruption of the gRNA gene sequences (Alcolea, 2010). Minicircles are small circular 

DNA molecules (<1Kbp) located in the kinetoplast, which is a complex network of 

trypanosomatid mitochondrial DNA. gRNA genes are located in thousands of 

minicircles concatenated to tens of maxicircles, which contain the mitochondrial genes. 

gRNAs are 40-60 bp molecules which participate in the trypanosomatid-specific uridine 

insertion/deletion RNA editing process, whose targets are maxicircle transcripts (Blum 

et al., 1990).  The biological implications are unknown and it has been suggested that 

the process generates protein diversity as an adaptative advantage (reviewed by 

Aphasizheva and Aphasizhev (Aphasizheva and Aphasizhev, 2016)). Expression 

analysis and editing target screening of both gRNA genes found in the clones listed in 

Table 1 are described herein. 

2. Materials and methods 

 2.1. Bioinformatic analysis.  

 Minicircle insert sequences cloned in pUC18 during genome library construction 

(Alcolea, 2010; Alcolea et al., 2009) were aligned with an 11 minicircle sequence 

collection (NCBI accession numbers z32841, z32844, z32846, z32847, z32855, z32856, 
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z32857, x60509, k01980, z35272, L19877) using EMBOSS' Needle software. Analysis 

of GC content was performed with EMBOSS' Isochore software.  

2.2. Parasites  

 Promastigote cultures of the L. infantum isolate MCAN/ES/98/10445 were 

performed at 27ºC in undefined media containing RPMI 1640 supplemented with 

300mg/l L-glutamine and buffered with 25mM HEPES (Cambrex, BioWhittakerTM), 

heat-inactivated (56ºC, 1h) fetal bovine serum (Cambrex, BioWhittakerTM), and 

100UI/ml penicillin-100 μg/ml streptomycin (Cambrex, BioWhittakerTM). After 7 days, 

the stationary phase was reached and promastigotes were harvested at 2,000g for 10min. 

Kinetoplast DNA (kDNA) was isolated from a whole stationary phase promastigote 

population and total RNA was purified from the PNA+ and PNA- subpopulations as 

described (Alcolea et al., 2009). Each sample of 109 stationary phase promastigotes was 

resuspended in 10ml complete medium containing 50 μg/ml PNA (Sigma-Aldrich) and 

incubated at room temperature for 30min. The sediment containing the agglutination 

complexes was resuspended in complete medium containing PNA and the supernatant 

was also recovered. Both fractions were checked by light microscopy and centrifuged at 

200g for 10min. Finally, the supernatants were centrifuged at 2,000g for 10min (PNA- 

fraction), and the pellets were the PNA+ fraction. This procedure was performed in 

duplicate for biological replication in the downstream application. In vitro infectivity of 

both fractions was checked as described (Alcolea et al., 2009). 

2.3. kDNA isolation. 

 kDNA was isolated following a  published procedure (Dasgupta et al., 1986) in 

order to evaluate probe specificity by Southern blot analysis. First, 109 cells per sample 

were resuspended in 5ml NET buffer (100mM NaCl, 10mM Tris-HCl pH8.0, 200mM 

EDTA pH8.0, 6% N-lauroylsarcosine) plus one volume of a solution containing 6% N-
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lauroylsarcosine, 1mg/ml proteinase K, and 0.1mg/ml RNaseA. The mixture was 

incubated at 50ºC for 2h, carefully added with a syringe through a 20 gauge needle over 

a layer of 20% sucrose in NET buffer contained in an Ultraclear tube (Beckman) 

avoiding mixture, and centrifuged at 20,000 rpm in an SW28 rotor (Beckman) for 1h. 

Pellets from all 5 isolations were brought to a suspension in 15ml NET, which was 

deposited again over a clean 20% sucrose layer and centrifuged. The sediment was re-

suspended in 600μl NET and dialyzed against 200 volumes of TE buffer at 4ºC. 

Afterwards, the kDNA solution was purified by phenol:chloroform:isoamyl alcohol 

(25:24:1) extraction (1:1) in a minicentrifuge tube. After emulsion, phase separation 

was performed by centrifugation at 13,000g for 5min. An additional 

chloroform:isoamyl alcohol (24:1) extraction was carried out, and kDNA was 

precipitated by adding 0.1 volume of 3M sodium acetate pH5.3 and 2.5 volumes of pre-

chilled absolute ethanol prior to cooling at -20ºC for 50 min. The purified kDNA was 

recovered by centrifugation at 13,000g for 15min, washed with pre-cooled 70% ethanol, 

air dried, and resuspended in 50μl Tris-HCl 10mM. About 6μg of kDNA were 

recovered.   

2.4. Southern blot analysis.  

 kDNA aliquots of 460ng kDNA were digested with 10U HaeIII or 2.5U AvaII 

restriction endonucleases (New England Biolabs) in 1X NEBuffer 4 and 0.1mg/ml BSA 

for 1h at 37ºC, and separated using 1% agarose gel electrophoresis at 4V/cm for 90min. 

The gel was washed with denaturing solution (1.5M NaCl, 0.5M NaOH) on a shaker for 

25min thrice, rinsed in milliQ water twice, washed in neutralizing solution (1.5M NaCl, 

0.5M Tris-HCl pH7.0) for 15min twice, rinsed again in water twice, and washed with 

20XSSC under shaking for 30min. DNA was transferred to a HybondTM-N+ (GE) nylon 

membrane. For this purpose, the membrane and 10 Whatman 3MM paper strips that 
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were slightly wider than the gel, except for one of them that was three times longer, 

were soaked in 20XSSC. A stack of paper towels was placed over a glass plate, 5 strips 

of Whatman paper over the towels, the membrane over the towels, and the gel over the 

membrane, making sure that no air bubbles were left. Five more strips of Whatman 

3MM paper were placed on the gel, including the longest one, plus a paper towel stack, 

a glass plate, and a weight (0.4Kg). The protruding end of the longest Whatman 3MM 

paper strip was submerged in a 20XSSC reservoir and the transfer was carried out room 

temperature for 16h. The membrane was rinsed in 2XSSC, air dried and cross-linked at 

120mJ UV irradiation for 160s by using the Stratalinker® UV Crosslinker 1800 

(Stratagene). Pre-hybridization was performed at 37ºC for 30min under mild rotation in 

a hybridization oven using 1ml of a solution containing 5XSSC, 5X Denhardt's solution 

(0.1% Ficoll 400, 0.1% polyvinylpirrolidone, 0.1% BSA), 1% SDS, and 0.1mg/ml 

herring sperm DNA. 1ml of this solution was used per 10cm2 membrane. The probes 

were labeled at their 5' ends with 32P by incubation of 50μmol probe with 10μCi [-

32P]ATP (3000Ci/mmol) and 10U T4 polynucleotide kinase (New England Biolabs) in a 

final reaction volume of 40μl. Labeled probes were purified with Sephadex G-30 

minicentrifuge columns (BioRad) following the instructions provided by the 

manufacturer. Hybridization was done at 37ºC for 16h under mild rotation in the pre-

hybridization solution containing the purified labeled probe (45μmol). The membranes 

were washed first in 2XSSC at 37ºC for 5min, then in 2XSSC/0.1%SDS at 37ºC for 

15min under mild rotation. After lining the membrane with saran wrap, an X-ray film 

was placed on top of the membrane in a in a film cassette, which was then stored at -

80ºC for 16h and developed.  

2.5. RNA isolation. 
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 PNA+ and PNA- promastigote samples were washed with PBS and each sample 

lysed in 1ml TRIzol reagent (Invitrogen) for total RNA isolation following the 

manufacturer's instructions. Lysis was allowed for 5min, then the mixture was 

emulsified with 200μl chloroform and centrifuged at 15,000g at 20ºC for 20min. In 

order to precipitate RNA, the aqueous phase was treated with 0.5ml isopropanol at room 

temperature for 10min, centrifuged at 15,000g for 20min and washed with 75% ethanol 

in DEPC-treated water. The pellet was air dried and resuspended in 50μl DEPC-treated 

water. RNA was quantified by UV spectroscopy and 2% agarose gel electrophoresis 

followed by densitometry. Gel casting and electrophoresis materials were rinsed with 

hydrogen peroxide before use.  

2.6. Northern blot analysis. 

  Northern blot was performed following the procedure described by Brown et al. 

(Brown et al., 2004). In summary, the PNA+ and PNA- RNA samples were separated by 

15% urea/TBE denaturing PAGE at 25W for 1h using a Mini Protean II Electrophoresis 

Cell (BioRad). Then, RNA was transferred to a HybondTM-N+ (GE) nylon membrane at 

300mA for 1h using a MiniTrans-blot Electrophoretic Transfer Cell (BioRad). Probe 

labelling, purification, pre-hybridization, hybridization, and membrane wash were 

performed as in the case of the Southern blot (section 2.3.). However, the pre-

hybridization solution contained 5XSSPE buffer (0.75M NaCl, 25mM NaH2PO4∙H2O, 

2.5mM EDTA), 5X Denhardt's solution, 50% deioinized formamide (Sigma-Aldrich), 

and 72μg/ml herring sperm DNA. Two biological replicates were performed.  

2.7. gRNA target screening. 

 Total RNA (10-40μg) was mixed with 5μg of an oligo-dT primer bearing the T7 

promoter sequence in the 5' terminus (T7-(T)15, Table 2) and diluted to 14,8μl using 

DEPC-treated water. The mixture was denatured at 70ºC for 10 min and snap cooled on 
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ice. Reverse transcription was performed using 20U SuperScript III (Life Technologies) 

at 46ºC for 3h in a reaction mixture containing RT Buffer (Life Technologies), 0,53mM 

each dNTP, 10mM DTT and 1μl of RNase OUT Recombinant Ribonuclease Inhibitor 

(Life Technologies). The enzyme was inactivated at 70ºC for 15min and RNA was 

degraded using 1μl of RNase H and 3,5μl 10X RNaseH buffer (Life Technologies) at 

37ºC for 30 min. First strand cDNA was purified using QIAquick PCR Purification Kit 

(Qiagen) and quantified spetrophotometrically.   

  

 Potential gRNA targets were PCR amplified using a T7-promoter primer and a 

gRNA primer per reaction (Table 2). The cDNA template amount per reaction was 

50ng, which was mixed with HiFi KAPA buffer (KAPA Biosystems), 0.3mM each 

dNTP, and 2.5U KAPA HiFi Hot Start DNA polymerase, in a final volume of 25μl. The 

thermal cycling profile was performed as follows: 95ºC, 5min; 40x[98ºC, 20s; 50ºC, 

1min; 72ºC, 3min]; 72ºC, 5min. The PCR products were separated by 1% agarose gel 

electrophoresis, excised, purified using QIAquick Gel Extraction Kit (Qiagen), and 

sequenced by the Sanger method.   

 

3. Results and discussion 

3.1. gRNA gene adscription to minicircles   

 Sequence analysis using BLAST showed that the clone inserts listed in Table 1 

contain gRNA sequences (Alcolea, 2010). Deeper sequence analysis has been 

performed using EMBOSS package's Needle software confirms that the minicircle 

structure is conserved across species. In fact, the gRNA gene is located approximately 

150bp downstream of a conserved sequence tract  (CSB-3, CSB-2 and CSB-1) (Figures 

1 and 2) (Sturm and Simpson, 1991). CSB-1 is the minicircle's replication origin. gRNA 
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GC content analysis using EMBOSS package's Isochore software helped in detecting 

regions similar to the gRNA genes in the query sequences. GC content is relatively low 

compared to the unusually high GC content (60%) of the Leishmania spp. genomes. 

Although minicircles are quite conserved (Fu and Kolesnikov, 1994; Sturm and 

Simpson, 1991), the phylogram in Figure 1C shows a decrease of sequence identity 

correlated with distances in the evolutionary tree. For example, L. infantum (VL) 

minicircles are more similar to L. major (cutaneous leishmaniasis) than to 

Sauroleishmania species (L. tarentolae, L. gymnodactili, L. guliki) minicircles. Contigs 

917 (S9C4) and 957 (S9D5) are almost identical (99.9%) to the minicircle sequences 

with GenBank accession numbers z35272 and L19877, respectively (Figure 2). 

Southern blot analysis supports gRNA gene organization depicted in Figures 1 and 2, 

and confirms that previously mentioned gRNA probes specifically hybridize with their 

targets (Figures 3A and 4A).  

 

3.2. Up-regulation of two gRNA genes in metacyclic promastigotes 

 Relative expression of gRNA genes in Table 1 between PNA+ and PNA- L. 

infantum promastigotes was analyzed using Northern blot. While gRNAs from contigs 

917 and 957 were not detected in any of the PNA+ promastigote samples, faint bands of 

both gRNAs were detected in all PNA- samples (Figures 3B and 4B, Supplementary 

File 1). These results confirm that gRNA genes encoded in 917 and 957 minicircle 

sequences, respectively identical to z35272 and L19877, are up-regulated in metacyclic 

promastigotes in culture. Therefore, these gRNA molecules are presumably in higher 

demand at this highly infective stage. As these trans-acting molecules participate in 

RNA editing of mitochondrial transcripts by uridine insertion/deletion, these 

modifications may be required in certain mitochondrial genes. Maxicircles contain 
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genes encoding 12S and 9S mitochondrial rRNA, mitochondrial ribosomal protein 

RPS12, apocytochrome b, cytochrome oxidase subunits (COI, COII, COIII), most 

NADH dehydrogenase subunits (ND1, ND3, ND4, ND5, ND7, ND8, ND9), F0/F1 

ATPase subunit 6, GC-rich G3 and G4 genes, and maxicircle unidentified reading 

frames (MURFs) (Weng et al., 2008). Thus, mitochondrial transcript editing may affect 

translational efficiency of electron transport chain genes and/or electron transport chain 

efficiency. Therefore, we propose that higher levels of gRNA molecules from 917 and 

957 minicircles may be related to changes in catabolism during development toward 

highly infective promastigote forms. In fact, promastigotes are subject to starvation at 

the end of differentiation when glucose is absent, so they use alternative energy sources, 

such as amino acids and lipids (Zilberstein, 2008). However, the physiological 

implications of the kinetoplastid-specific uridine insertion/deletion RNA editing process 

are still unknown.  

 

3.3. gRNA target screening 

 The screening strategy described in section 2.6. was designed in order to identify 

contig 917 and contig 957 gRNA targets. RNA was reversely transcribed and 54 PCR 

reactions were performed using logarithmic phase, stationary phase, and PNA- 

promastigote cDNA samples as templates. Low gRNA GC content and lack of L. 

infantum mitochondrial genome complicate gRNA target identification. One hundred 

product bands from PCR reactions were excised, purified, and sequenced. However, 

none of the 23 known maxicircle genes could be identified as targets of the gRNAs 

studied, and one product sequence properly matches (91% identity, e-value = 0.0) with 

sequences included in the NCBI database (Supplementary File 2). This sequence 

respectively encodes for the Bacillus sp. 16S rRNA and is not present in the TriTrypDB 
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L. infantum genome sequence, which does not contain the mitochondrial genome. The 

16S-like rRNA sequence that was amplified using 957ap and T7-promoter primers and 

PNA- promastigote cDNA template (Table 1) matches with a Bacillus sp. 16S rRNA 

sequence (NCBI accession number AY785773.1) fragment. This sequence is not 

present in the L. infantum nuclear genome (TriTrypDB), which supports its 

mitochondrial origin. Amplification after reverse transcription with T7-(T)15 primer can 

be explained by 16S rRNA polyadenylation observed in prokaryotic organisms such as 

Bacillus subtilis (Campos-Guillen et al., 2005)and Escherichia coli (Mohanty and 

Kushner, 1999a, b). The kinetoplast genome has not been sequenced in L. infantum and 

the L. donovani maxicircle has been partially sequenced (NCBI accession number 

FJ416603) (Nebohacova et al., 2009). The 16S-like rRNA sequence found in this study 

is different from the L. donovani maxicircle's 9S and 12S rRNA genes. Editing of the 

16S-like rRNA found in PNA- promastigotes has unknown meaning. We propose that it 

may affect translational efficiency of maxicircle transcripts in mitochondrial ribosomes. 

3.4.Conclusions 

 gRNA genes contained in contigs 917 and 957 minicircles are up-regulated in L. 

infantum metacyclic promastigotes obtained from axenic culture. Contig 917 gRNA 

sequence is very similar (49/55 identity) to an L. infantum gRNA whose NCBI 

accession number is Z35272. Contig 957 gRNA perfectly matches with an L. infantum 

gRNA whose NCBI accession number is L19877. A 16S-like rRNA sequence has been 

identified as an editing target of contig 957 gRNA. 
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FIGURE CAPTIONS 

 

Figure 1. Sequence analysis of contigs 917 and 957 with known minicircle 

sequences. This analysis was performed with the software Needle, included in the 

EMBOSS package. (A) The conserved structure of the minicircle elements is shown for 

L. infantum (Lin), L. major (Lma) and the Sauroleishmania species L. tarentolae (Lta), 

L. gymnodactili (Lgy) and L. guliki (Lgu). A perfect match of the sequences CSB-1 

(replication origin of the minicircle), CSB-2 and CSB-3 conserved regions and similar 

spacing with the gRNA gene are appreciated between these species. (B) Alignment of 

minicircles z35272 and L19877 of L. infantum (GenBank), and LetacM06 of L. 

tarentolae, with contigs 917 and 957, respectively.  (C) Phylogram showing relative 

distances of minicircles from Lin, Lma, Lta, Lgy, and Lgu. 

 

Figure 2. Complete sequence alignment of known minicircle sequences with contigs 

917 and 957. Multiple alignment of contigs 917 (S9C4) and 957 (S9D5) with 2 Lin, 1 

Lma, 1 Lta and 3 Lgy minicircles. The identifiers are GenBank accession numbers. The 

gRNA gene is located 150bp downstream of the end of the cluster of CSB conserved 

regions (Sturm and Simpson, 1991). 

 

Figure 3. The gRNA gene contained in contig 917 is up-regulated in PNA- 

promastigotes. (A) Scheme of the minicircle corresponding to Lin contig 917 where 

the gRNA gene and the conserved sequences CSB-1, -2, and -3 are depicted. Southern 

blot analysis performed to check specificity of probe 

ATGATACTTTATTATTTTGCTATATATTTATTTTCATTGTTTGGTTATATATTC
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T. (B) Study of differential gene expression of gRNA contained in contig 917 by 

Northern blot.  

 

Figure 4. The gRNA gene contained in contig 957 is up-regulated in PNA- 

promastigotes. (A) Scheme of the minicircle corresponding to Lin contig 957 where 

the gRNA gene and the conserved sequences CSB-1, -2, and -3 are depicted. Southern 

blot analysis performed to check specificity of probe 

ATATTTCTACTCTCTAATTTACGATCTTTTTTATTGTATTGTAT. (B) Study of 

differential gene expression of gRNA contained in contig 957 by Northern blot.  
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Tables 

 

Table 1. Clones which contain minicircle sequences up-regulated in PNA- 

promastigotes of Leishmania infantum. Clones of the shotgun genome library and 

whole genome microarrays of L. infantum  showing statistically significant (paired t-

test, p < 0.05) fold-change (FC) values  2, GenBank accession numbers of the genome 

survey sequences and contig numbers. These contigs correspond to minicircle 

sequences described previously.  

 

Clone Log2FC  SD p GenBank GSS Content 
Identity                                  

(GenBank acc. no.)  

Lin52F3 1.0  0.4 0.040 FI104103 Contig 917 (S9C4) Z35272 

Lin53B11 1.4  0.2 0.007 FI104104 Contig 917 (S9C4) Z35272 

Lin253D9 1.8  0.7 0.044 FI104105 Contig 917 (S9C4) Z35272 

Lin135H7 1.1  0.1 0.002 FI104106 Contig 957 (S9D5) L19877 

Lin148A12 1.0  0.4 0.044 FI104107 Contig 957 (S9D5) L19877 

Lin273H7 2.4  0.9 0.049 FI104108 Contig 957 (S9D5) L19877 

 

Table 2. Primers used for gRNA target screening. The T7-(T)15 primer was used for 

first strand cDNA synthesis. Primer sequences corresponding to gRNA genes in contigs 

917 and 957 (forward) and T7-promoter primer (reverse) were used for PCR 

amplification using single-stranded cDNA as a template. Abbreviations: cd, coding 

sequence; ap, reverse complement sequence; cr, reverse coding sequence. 
 

Primer Sequence 

917cd ATGATACTTTATTATTTT 

917ap AAAATAATAAAGTATCAT 

917cr TTTTATTATTTCATAGTA 

957cd ATATTTCTACTCTCTAAT 

957ap ATTAGAGAGTAGAAATAT 

957cr TAATCTCTCATCTTTATA 

T7-promoter CGACGGCCAGTGAATT 

T7-(T)15 AAACGACGGCCAGTGAATTGTAATACGACTCACTATAGGGCGTTTTTTTTTTTTTTT 
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