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Abstract The sequence of the cDNA of the histone H4
gene of Leishmania tarentolae is reported herein. The
predicted 100-amino-acid-long protein has the highest
degree of identity with the histone H4 gene of L. in-
fantum and shares with it a 5¢ region that shows a very
low degree of identity with the corresponding region of
histone H4 genes from other organisms. However, be-
tween these two genes is a 7.7% nucleotide di�erence
that results in seven di�erent amino acids, located in the
5¢, central, and 3¢ regions of the coding sequence. Such a
divergence in the H4 gene, which is considered to be one
of the most highly conserved genes, between closely re-
lated members of the genus Leishmania is unexpected
and may re¯ect some unusual features of these impor-
tant proteins in kinetoplastid ¯agellates.

Introduction

Kinetoplastid protozoa of the genus Leishmania are the
causative agents of a wide spectrum of human diseases
occurring in most tropical and subtropical regions.
Probably due to their ancient character, kinetoplastid
¯agellates retain many unique features, including un-
usual gene organization and expression (Donelson
1999). Therefore, the characterization of their histone
proteins is of considerable interest. Histones are small
basic proteins that are omnipresent in eukaryotic cell
nuclei, where they form nucleosomes, which consist of

DNA wound around a histone octamer containing two
molecules each of the core histones H2A, H2B, H3, and
H4. Histone H4 is an extremely slowly evolving histone
protein (Thatcher and Gorowski 1994). In the course of
a study of nuclear-encoded proteins associated with the
respiratory complexes we accidentally obtained the
cDNA of histone H4 from the species L. tarentolae, and
the results are reported herein.

Promastigotes of L. tarentolae were cultivated as
described elsewhere (Simpson and Braly 1971). On the
basis of a partial N-terminal amino-acid sequence
(DLPGKIVSV) derived from an as yet unidenti®ed
kinetoplast protein, a highly degenerate primer
(CTRRANGGNCCNTTYTADCANWSNCA) was
designed and, with the total poly(A) mRNA serving as a
template, was used for cDNA synthesis. The subsequent
polymerase chain reaction was performed with the
above-mentioned primer and the mini-exon primer
(Campbell et al. 1984). After 30 cycles performed at
95 °C for 2 min, at 50 °C for 1 min, and at 72 °C for
3 min, one major band and several minor bands were
ampli®ed. The most abundant 0.6-kb band was cloned
into the pT7blue vector (Novagen), and both strands
were sequenced (Fig. 1).

Comparison of the sequence obtained with the Gen-
Bank data base revealed similarity with several histone
H4 genes, particularly with the H4 gene from L. in-
fantum (Soto et al. 1997). The cDNA molecule was
585 bp long and contained in the 5¢ end the 39-bp
spliced leader sequence that is part of all mRNA mole-
cules in trypanosomatids. The region between the
spliced leader and the start codon of the histone H4 gene
was 85 bp long and had no sequence similarity with the
corresponding region of histone H4 of L. infantum or
with other sequences. The histone H4 gene is 300 bp
long, exactly the same length as the L. infantumH4 gene.
Surprisingly, there are 23 di�erences between the 2
genes, located mainly in the 5¢ and 3¢ coding regions.
Most of these nucleotide di�erences are not silent and
result in seven di�erences in predicted amino-acid se-
quences, localized in three clusters in the 3¢, 5¢, and
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central regions of the protein (Fig. 2). The homology
search revealed an 18-bp-long region 88 bp downstream
of the stop codon, which is identical with a sequence
motif located between two ribosomal protein genes of
L. infantum (Soto et al. 1993).

Histone H4 is generally considered to be among the
most highly conserved proteins, since at the amino-acid
level there is no di�erence among vertebrate H4 genes
and there are very few di�erences between those of
vertebrates, invertebrates, and plants (Thatcher and
Gorowski 1994). With the exception of L. infantum and
L. tarentolae, the complete H4 sequences of other try-
panosomatid ¯agellates are not available; however, a

comparison of only partial H4 amino-acid sequences
between Trypanosoma brucei and T. cruzi has revealed
three substitutions (Hecker 1993). Although both are
members of the monophyletic genus Trypanosoma, these
species constitute two di�erent lineages with relatively
long branches in the ribosomal RNA-based trees (LukesÏ
et al. 1997).

On the other hand, Leishmania species generally have
very similar ribosomal RNA gene sequences (Noyes
et al. 1997), which indicates that in comparison with
trypanosomes, radiation within the genus has occurred
more recently. Therefore, the 7.7% nucleotide (7%
amino-acid) sequence di�erence between the histone H4

Fig. 1 Sequence of the cDNA
clone. The spliced leader se-
quence is shown in boldface.
The protein-coding region is
given in upper-case lettering.
Single and double asterisks in-
dicate the start and termination
codons, respectively. The se-
quence identical to the motif
located between ribosomal
protein genes of Leishmania
infantum is underlined

Fig. 2 The inferred L. taren-
tolae amino-acid sequence of
histone H4 aligned with that of
L. infantum. Identical residues
are indicated by a dot
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genes of L. tarentolae and L. infantum is much greater
than would be expected on the basis of their close phy-
logenetic relatedness. Kinetoplastid histones H3 and H4
are the most divergent histones reported thus far, with
an extremely low degree of conservation being noted for
the 5¢ region (Soto et al. 1994, 1997). We assume that
such an unusual divergence may re¯ect observed vari-
ability in the chromatin structure (Schlimme et al. 1995)
or the existence of unknown features unique for the
trypanosomatid genome that are responsible for accel-
erated evolution of this gene. Since the Southern
hybridization of total DNA digested with the hexanu-
cleotide-target restriction enzymes detected the presence
of several copies of the histone H4 gene in the L. taren-
tolae genome (data not shown), whereas seven copies are
known from the L. infantum genome (Soto et al. 1997),
the di�erences may also re¯ect the sequence
heterogeneity of this protein within the genome.
Sequencing of the entire genome of L. major, which is
under way (Ivens and Blackwell 1999), and the avail-
ability of more trypanosomatid histone H4 sequences
may shed more light on this interesting discrepancy.
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