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Genes and Chromosomes of Leishmania infantum
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During recent years, several Leishmania infantum genes have been cloned and characterized. Here,
we have summarized the available information on the gene organization and expression in this proto-
zoan parasite. From a comparative analysis, the following outstanding features were found to be com-
mon to most of the genes characterized: tandemly organized genes with conserved coding regions and
divergent untranslated regions, polycistronic transcription and  post-transcriptional regulation of gene
expression. The analysis of chromosomes of L. infantum by pulsed-field electrophoresis showed the
existence of both size and number polymorphisms such that each strain has a distinctive molecular
karyotype. Despite this variability, highly conserved physical linkage groups exists among different
strains of  L. infantum and even among Old World Leishmania species. Gene mapping on the L. infantum
molecular karyotype evidenced a bias in chromosomal distribution of, at least, the evolutionary con-
served genes.
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Kinetoplastid protozoan parasites of the genus
Leishmania are a biologically diverse group of
trypanosomatids, etiological agents of a variety of
diseases in human and animals known as leishma-
niasis. These parasites have two developmentally
distinct stages: the amastigotes are nonmotile forms
which live within mammalian host macrophages,
and the promastigotes are motile, flagellated forms
that develop from amastigotes after ingestion by
sand flies. The morphological transition between
the two Leishmania forms requires physiological
means of adapting to different temperatures, spe-
cific receptors for attachment to different substrates
(macrophages versus the chitinous peritrophic
membrane of the sandfly gut) and specialized bio-
chemical mechanisms needed for parasite survival
within the acidic environment of the phagolysos-
omes, where they multiply. The diversity of events
found in this life cycle must be directed by genetic
events, whose regulation and organization in the
genome of the parasite are still poorly understood.

The size of the Leishmania genome varies ac-
cording to species. It ranges from 107-108 base
pairs of DNA, and resides within three compart-

ments. Besides the chromosomal DNA within the
cell nucleus, there exist other independently repli-
cating DNAs: the kinetoplast DNA (kDNA), a net
of interlocked DNA molecules located within the
mitochondrion, and virus-like particles in the cy-
toplasm (Lighthall & Giannini 1992, and references
therein). The current general view is to consider
Leishmania as a diploid organism; however, strictly
speaking, the diploidy as a basic feature of its ge-
nome is not fully demonstrated (Bastien et al. 1992,
Cruz et al. 1993).

The protozoan parasite L. infantum is the caus-
ative agent of anthropo-zoonotic viscero/cutane-
ous leishmaniasis, an important public health prob-
lem in the Mediterranean basin, Africa and Latin
America. Like other trypanosomatids, it undergoes
a complex life cycle, here involving transmission
by a sandfly vector to man or a canidae reservoir,
in which it penetrates histiocytes and macrophage
cells, leading to a fatal disease.

Gene organization and expression in L.
infantum - Leishmania and other related
kinetoplastid protozoa are among the most primi-
tive eukaryotes and, perhaps as a reflection of their
phylogenetic location, they exhibit many unusual
features of gene organization and expression.
Among those features, the presence in their ge-
nomes of reiterated genes organized in tandem ar-
rays and probably transcribed as large polycistronic
precursors of mature mRNAs, the processing of
mRNA via trans-splicing, and the post-transcrip-
tional editing of mitochondrial mRNAs seem to
be the most specific ones. In the search for anti-
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genic proteins during L. infantum infection, new
genes were isolated in our laboratory and their or-
ganization and regulation were analyzed.

Within the genome of L. infantum, we found
four genes coding for the homologues of the acidic
ribosomal proteins (Soto et al. 1993a). These well-
conserved proteins among eukaryotic organisms
are grouped as P1- P2-type according to sequence
features. The isolated genes of L. infantum showed
sequence similarity to the ribosomal proteins of P2-
type and, at present, we do not know if P1-type
acidic ribosomal proteins exist in the Leishmania
genome. The genomic organization analysis of
these Leishmania genes has shown that they are
arranged as two independent clusters, each one
located in a different locus and formed by two
tandemly linked genes. The nucleotide sequence
analysis of the two genes contained in each tan-
dem revealed that they code for the same protein.
However, all of the flanking 5'- and 3'-untranslated
regions (UTRs) are highly divergent in their nucle-
otide sequence, even between the genes of the same
cluster. Similarly to most of the trypanosome genes,
the transcription in each one of the clusters appears
to be polycistronic. However, by S1 nuclease pro-
tection assays, it was found that the steady-state
RNA levels derived from the genes located at the
3'-end   of the clusters are higher than those de-
rived from the genes located at the 5' end of the
clusters. Assuming a similar rate of transcription

for the two genes in each cluster due to the poly-
cistronic transcription, it must be concluded that
the relative abundance of transcripts is regulated
at the post-transcriptional level and that the 5'- and
3'-UTRs should be responsible for this regulation.
Remarkably, this type of regulation appears to be
a common feature of L. infantum gene expression
(see Table) and, probably, of trypanosome gene
expression.

The acidic ribosomal proteins are anchored to
the ribosomes as a complex of two dimers mounted
on a single protein termed ribosomal P0 protein.
In the L. infantum genome, two tandemly linked
genes coding for the acidic ribosomal P0 protein
are present (Soto et al. 1993b). The genes are iden-
tical in the coding region, but a striking lack of
nucleotide sequence conservation is observed when
the boundaries of the coding regions between both
genes are compared. The 3'-UTR of the two genes
have, moreover, a different size. Northern blot ex-
periments showed that two different size class tran-
scripts are expressed from the gene cluster and that
the steady-state levels of each of the transcripts in
logarithmic growth phase promastigotes are mark-
edly different. The transcript derived from the gene
located at the 3'-end of the cluster is about 6-fold
more abundant than the 5’-end transcript of the
cluster. Since it was demonstrated that the two ri-
bosomal P0 genes are expressed in a single poly-
cistronic intermediate transcript, it is likely that the

TABLE

Organization and expression of Leishmania infantum genes

Gene name (protein) Number Organization Expression

P2a (ribosomal protein P2a) 2 Head-to-tail tandem; High levels of 3' transcripts
conserved CDS;
divergent 5'-and 3'-UTRs

P2b (ribosomal protein P2b) 2 Head-to-tail tandem; High levels of 3' transcripts
conserved CDS;
divergent 5'-and 3'-UTRs

PO (ribosomal protein PO) 2 Head-to-tail tandem; High levels of 3' transcripts
conserved CDS;
divergent 5'-and 3'-UTRs

hsp83 (83-kDa heat shock protein) 7 Head-to-tail tandem; ND

hsp70 (70-kDa heat shock protein) 5 Head-to-tail tandem; High levels of 3' transcripts
conserved CDS and 5'-UTRs;
divergent 3'-UTRs

h2a (histone H2A) 4 Dispersed; Polyadenylated transcripts
conserved CDS and 3'-UTRs;
divergent 5'-UTRs

h3 (histone H3) 4 Dispersed; Polyadenylated transcripts
conserved CDS;
divergent 3'-UTRs

CDS: coding sequence; UTR: untranslated region; ND: not determined.
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different levels of P0 mRNAs observed is due to a
post-transcriptional regulatory mechanism.

Since the parasite is subjected to a heat shock
during the transition from its life in the insect vec-
tor, at ambient temperature, to higher temperatures
in the vertebrate host, it is likely that the stress pro-
teins play a role in this developmental transition.
It has been reported, furthermore, that in spite of
the high sequence conservation of the heat shock
proteins, the most conserved proteins along the
evolutionary scale, they are often immunodominant
targets of the humoral as well as of the cellular
response in infections caused by invading microbes
(Maresca & Kobayashi 1994). Also, in L. infantum
infections, members of the heat-shock protein fami-
lies hsp70 and hsp83 act as immunodominant an-
tigens. Using cDNAs as probes, isolated after
immunoscreening with leishmaniasis sera, we have
analyzed the genomic organization of hsp83 and
hsp70 genes. Seven copies of the hsp83 gene exist
in the L. infantum genome, organized as a head-
to-tail tandem array (Angel S and Alonso C, manu-
script in preparation). The hsp70 gene cluster also
shows a similar tandem organization, and is com-
posed by five genes organized in a head-to-tail fash-
ion (Quijada L and Alonso C, manuscript in prepa-
ration). Within the hsp70 gene cluster, both the 5'-
UTRs and coding regions of all the genes are iden-
tical in sequence; however, the 3'-UTR of the gene
located at the 3'-end of the cluster does not show
sequence homology with the 3'-UTRs of the rest
of hsp70 genes. Interestingly, the analysis of hsp70
mRNA levels in the steady-state indicated that the
transcripts derived from the most 3'-distal gene
copy (the gene that contains the different 3'-UTR)
are significantly more abundant that the transcripts
derived from the rest of hsp70 genes. Experiments
are under way to analyze the L. infantum hsp83
expression which also appears to be regulated post-
transcriptionally as occurs for the L. amazonensis
hsp83 (Argaman et al. 1994).

In most of eukaryotic organisms, the genes cod-
ing for the five histones composing the basic nu-
cleosomal core are physically linked in the genome
and their expression is coupled to the DNA syn-
thesis and cell cycle. In our laboratory, the genes
coding for the L. infantum histones H2A (Soto et
al. 1991, 1992) and H3 (Soto et al. 1994) have been
cloned. Analysis of the genomic distribution indi-
cated the existence of four genes, or gene groups,
coding for histones H2A and H3. However, these
histone genes are not closely linked in the L.
infantum genome and their expression did not show
dependence with the DNA synthesis. Also, another
particularity of the transcripts of histones in Leish-
mania and other trypanosomes, is that they are
polyadenylated. A nucleotide sequence compari-

son between two H2A cDNAs revealed, for this
gene, a conservation, in addition to the coding re-
gions, of the 3'-UTRs (Soto et al. 1992), which
contain evolutionary conserved stem-loop struc-
tures (Soto et al. 1991).

Genes of the ribosomal RNAs (rRNAs) in eu-
karyotic organisms are tandemly organized, clus-
tered in the nucleolar-organizer region on one or
more chromosome(s). A gene repeat contains one
coding region for each of the 18S, 5.8S and 28S
rRNAs. The 18S, 5.8S and 28S rRNAs have a com-
mon ribosomal RNA precursor (pre-rRNA). Each
18S-5.8S-28S rDNA unit is separated from the
adjacent units by a spacer region referred to as the
non-transcribed spacer (NTS) which varies greatly
in size in different organisms. Within the NTS, re-
petitive sequences are frequently found and, some-
times, these repeated sequences have been related
to the regulation of pre-mRNA transcription lev-
els. This family of repeats has been subjected to
concerted evolution, which is used to describe ex-
tensive sequence homology between spacers within
a species even though there is very little homol-
ogy between spacers of related species (Kominami
& Muramatsu 1987). In trypanosomes, the organi-
zation of rDNAs genes is very similar to the orga-
nization in other eukaryotes. For example, in the
Leishmania genome, there are about 200 copies of
rDNA, tandemly organized. Each copy is com-
posed of an 8-kb coding region and ribosomal
spacer with a variable length (Guevara et al. 1992).
At difference with other eukaryotes,  the process-
ing of pre-rRNA is more complex: the coding re-
gion analogous to the 28S rRNA is split in two
long RNAs, 24Sα and 24Sβ, and four small mol-
ecules (White et al. 1986, Campbell et al. 1987,
Spencer et al. 1987, Hernández et al. 1988, Vieira
de Arruda et al. 1990). A search for repetitive se-
quences in the L. infantum genome allowed us to
isolate a set of genomic clones. From the analysis
of these clones, we identified an element of 400-
bp in length, named LiR3.6, found to be tandemly
repeated several times (Requena JM and Alonso
C, manuscript in preparation). The LiR3.6 element
contains an A-rich sequence at the 3'-end, perhaps
as an indication that these elements have been gen-
erated by retrotranscription. Another remarkable
feature of these elements is the presence of several
chi sequences that, like in Escherichia coli, could
be functioning as a recombinational hotspot se-
quence. When the sequence analysis was extended
upstream of the LiR3.6 element, we found se-
quence homology with the T. cruzi M4 rRNA (the
3'-distal rRNA of the pre-rRNA). Finally, a ge-
nomic analysis of the LiR3.6-containing clones
demonstrated that the LiR3.6 sequence were a re-
peated element that locates in the NTS region of
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the L. infantum rDNA gene cluster. Similar repeti-
tive elements, although divergent in nucleotide
sequence with LiR3.6, have been also character-
ized in the ribosomal spacer of T. cruzi (Novak et
al. 1993).

Molecular karyotype of L. infantum - In eukary-
otes, the genetic information coded in DNA is pack-
aged into chromosomes in the nucleus. But, con-
trary to most of eukaryotic organisms, chromo-
somes of parasitic protozoans cannot be resolved
by light microscopy because they do not condense
during the cell cycle. Thus, their genes cannot be
mapped to specific chromosomes by cytogenetics.
However, this drawback has been resolved thanks
to the development of the pulsed field gradient gel
electrophoresis (PFG) technique, which allows the
separation of chromosome-sized DNA molecules
up to about two megabase pairs or more. From the
early PFG karyotype studies, it became apparent
that the Leishmania species have a highly flexible
chromosomal organization and differences, in both
chromosome size and number, exist even within
the same subspecies (Giannini et al. 1986, Scholler
et al. 1986). Genomic loci encoding a variety of
housekeeping genes have been most extensively
studied; many of these highly conserved genes re-
side on chromosomes of similar size ranges
throughout the genus. Genes whose sequences are
highly conserved among protistans reside on chro-
mosomes larger than 1 Mb in all the Leishmania
spp. examined to date (Lighthall & Giannini 1992).

The molecular karyotypes of a great number
of strains and clones of L. infantum have been stud-
ied using pulsed field gel electrophoresis, reveal-
ing the existence of an extraordinary genome plas-
ticity within this species (Pagès et al. 1989). The
main conclusion from these studies was the exist-
ence of a high degree of polymorphism within this
species. Variations between strains relate to both
the size of chromosomes (270-2600 kb) and their
number (24-31). Also, repeated subcloning in one
strain showed that chromosomal rearrangements
could occur during the cloning process (Bastien et
al. 1990). The chromosome size variations appear
to be mostly due to DNA sequence amplification/
deletion events, likely by unequal crossing-over
of tandem repeat DNA sequences (Pagès et al.
1989). Also, the size-variation between strains de-
tected in the smallest chromosomes appears to be
associated to instability of the subtelomeric regions,
as in Plasmodium falciparum (Blaineau et al.
1991).

The extensive chromosomal size polymorphism
observed among the different species, and even
between strains of the same species of Leishmania
contrasts, however, with the existence of highly
conserved physical linkage groups among Old

World Leishmania species (Ravel et al. 1995).
Forty-nine single- or low-copy DNA probes were
characterized on the basis of their specific hybrid-
ization with the six smallest chromosomes in L.
infantum. An analysis of chromosomal distribution
of these probes among strains of L. infantum indi-
cated that they are defining six physical linkage
groups (corresponding to chromosome I to VI).
Furthermore, hybridization analysis showed that
all the probes of the same linkage group, defined
in L. infantum, remained associated on the same
chromosomal band(s) in other Leishmania species
such as L. donovani, L. major, L. tropica and L.
aethiopica (Ravel et al. 1995). No interchromo-
somal exchange nor fusion could be detected. Thus,
in spite of the chromosomal size polymorphisms,
the general structure of the genome seems to be
conserved, at least in the six smallest chromosomes
among Old World Leishmania species.

In our laboratory, we have determined the mo-
lecular karyotype of the LEM75 strain of L.
infantum (Soto et al. 1995). Twenty-five chromo-
somal bands were clearly resolved by PFG elec-
trophoresis ranging in size from 375 to 3300 kb
(Fig. 1a). The chromosomal pattern was found to
be similar to that previously reported by Pagès et
al. (1989) with two variations: (i) the chromosomal
band XIX could be resolved in two (named XIXa
and XIXb); and (ii) the estimated size of the larger
chromosomes was higher than previously reported.
Furthermore, we analyzed the chromosomal dis-
tribution of 12 probes corresponding to genes cod-
ing for 3 heat shock proteins (hsp70, hsp83 and
ubiquitin), 2 histones (H2A and H3), 3 ribosomal
proteins (P2a, P2b and P0), tubulins (a and b), the
promastigote surface antigen (PSA) and the 18S
rRNA (Fig. 1b). These probes were used because
they were available in the laboratory. Remarkably,
we found that 9 out of the 12 genetic markers were
located in the chromosomal band XIX which, with
large pulse times, is resolved in two bands (XIXa
and XIXb), differing only in 30 kb. Since all the 9
genetic markers hybridize with equal intensity to
chromosomal bands XIXa and XIXb, they must
be representing a pair of homologues. Similarly,
chromosomal bands XVII and XVIII are probably
representing another pair of homologues since both
bands hybridized with PSA and LiP2b probes and
the latter was previously found to be a single-lo-
cus gene (Soto et al. 1993a). On the other hand, it
must be noted that chromosome XIX contains more
than 75% of analyzed genetic markers, indicating
that this chromosome appears to contain a high
density of evolutionary conserved genes. Thus, it
would be interesting to analyze whether or not this
physical linkage group is also maintained among
other Leishmania species.
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The finding that most of the genes analyzed
are present in the L. infantum chromosome XIX
agree with data of gene location in L. mexicana
(Galindo & Ramirez-Ochoa 1989) which indicated
that the housekeeping genes are located in the large
diploid chromosomes. Thus, our results reinforce
the hypothesis that the larger chromosomes carry
the essential information that is common to all or-
ganisms in the genus Leishmania. The additional
chromosomal bands could carry accessory gene
copies, needed for particular adaptations or highly
specialized functions (surface proteases, antigens,
secretion factors, etc.), which would demand a dif-
ferent chromosomal dynamic.
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