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The biosynthesis of purine, pyridine and pyrim-
idine nucleotides is catalyzed by enzymes of the
phosphoribosyltransferase (PRTase) family. Most
organisms synthesize adenine nucleotides by both
the de novo and the salvage pathways. In con-
trast, all protozoan parasites examined to date are
strict purine nucleotide auxotrophs because of the
absence of a purine de novo biosynthetic pathway
[1]. Kinetoplastid protozoa from the genus Leish-
mania possess three enzymes involved in the recy-
cling of purine nucleotides by the salvage
pathway, adenine PRTase (APRT) (EC 2.4.2.7),
hypoxanthine-guanine PRTase (HGPRT) (EC
2.4.2.8) and xanthine PRTase (XPRT) (EC
2.4.2.22) [2]. APRT is responsible for catalyzing
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the conversion of adenine and o«-D-5-phosphori-
bosyl 1-pyrophosphate (PRPP) into adenosine-5-
monophosphate (AMP) and pyrophosphate (PPi)
by the anomeric inversion of the ribofuranose ring
[3]. The only aprt gene that has been cloned and
characterized from a kinetoplastid protozoan is
that from Leishmania donovani [4].

Leishmania tarentolae, a parasite of the gecko,
has been exploited in our laboratory as a model
trypanosomatid for a variety of molecular, bio-
chemical and evolutionary studies. In this com-
munication we describe the cloning and
expression of the aprt gene from this organism. It
has been recently shown that the lizard Leishma-
nia forms a monophyletic clade branching be-
tween the Viannia and Leishmania subgenera [5,6].
These data confirm the inclusion of L. tarentolae
in the Leishmania genus, which was previously
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proposed by kinetoplast DNA and lipid analyses
[7]. As in the case of other trypanosomatids, L.
tarentolae is a purine nucleotide auxotroph [8].
The ease of cell culture and genetic analysis of L.
tarentolae should facilitate its use for site-directed
mutagenesis of the aprt gene as well as for func-
tional complementation and testing of inhibitory
substrates. In view of the close phylogenetic rela-
tionship, the results should be of general signifi-
cance for the pathogenic Leishmania species.

A 230 bp fragment of L. tarentolae aprt gene
was PCR-amplified from genomic DNA with de-
generate oligodeoxynucleotides for two highly
conserved regions (DARGFLFG and VVLID-
DVL) of known aprt genes, S-2181 (5-ACCG-
GAATTCGATGCTCGCGGCTTCCTCTTCGG-
CC-3") and S-2182 (5-TGCTAAGCTTCCCACC-
CGTGTTGCCAGGACGTCATCGATTAGCA-
CCAC-3') (the underlines indicate added EcoRI
and HindIII sites). The amplified DNA contained
a deduced open reading frame of 76 amino acids
with sequence identity to other APRT polypep-
tides. The full-length aprt gene was isolated from
a L. tarentolae UC strain AZAP express BamHI-
Sal3A 1 genomic library by hybridization screen-
ing with the PCR amplified L. tarentolae-specific
probe. A 3 kbp genomic fragment was sequenced
and found to contain a 708 nucleotide open read-
ing frame that encodes a protein of 236 amino
acids with a molecular weight of 25 kDa.

The 5" RACE of the aprt transcript using the 3’
primer S-2488 (5-CAGTAAAGAGTTGGGTC-
CGA-3") which is antisense to the aprt mRNA,
and the 5 primer, S-2273 (5-AACTAACGC-
TATATAAGTATCAGTTTCTGTACTTTATT-
G-3'), which is specific to the L. tarentolae spliced
leader RNA, indicated the presence of one splice
acceptor site located at position — 155 (SAS in
Fig. 1) from the adenylate residue of the predicted
methionine initiation codon (underlined in Fig. 1).
The splice acceptor site is preceded by a
polypyrimidine track of 28 pyrimidines at posi-
tions — 238— — 210. The aprt gene is preceded by
an in-frame stop codon at position — 294,

The mapping of the 3" UTR of the aprt tran-
script was performed by 3’ RACE. cDNA synthe-
sis from polyA + RNA was performed with an

oligo-dT primer. The cDNA was PCR amplified
with the primers, S-2272 (5-TTGAATTCG-
CATTGAGCACCTGC-3) and S-2181. An
aliquot of the first PCR reaction was subjected to
a second PCR amplification with the primers S-
2272 and S-2184 (5-ACCGGAATTCGTGGT-
GCTAATCGATGACGTCTCGCAACGGGTGG
GAC-3). The amplified product was cloned into
the pCR 2.1-TOPO vector (Invitrogen) and trans-
formed into Escherichia coli DHS5a. Sequencing
identified a single polyadenylation site at position
856, which is 148 nucleotides from the TAG stop
codon. These results would indicate a mature
mRNA transcript of 1050 nt.

The L. donovani and L. tarentolae sequences
share 87% amino acid identity with sequence di-
vergence being mostly in the N- and C-terminus
regions. Inspection of the sequence alignments in
Fig. 2 reveals the conserved purine and PRPP
binding domains [9] flanked by regions without
significant sequence identity. The prediction of
protein folding motifs from the individual
polypeptides and the aligned sequences indicate a
conservation of «-helical (H) and pf-sheet (B)
structural motifs (Fig. 2). The Leishmania se-
quences are ~ 50 amino acids longer than the
other APRT sequences, and the L. tarentolae
sequence is 9 amino acid residues shorter at the
C-terminus than the L. donovani homologue [4].
The function of these extended C-terminal se-
quences is not understood. A pairwise alignment
of the different sequences revealed a 29-36% se-
quence identity with the Leishmania sequences
(data not shown). The measurements of distances
between the sequences showed that the APRT
genes from Leishmania (L. tarentolae and L.
donovani ) together with the APRT of the
methanogenic bacterium, Methanococcus jan-
naschii, are the most rapidly evolving sequences
within the APRT family (data not shown).

Southern analysis of genomic DNA indicated
that the L. tarentolae aprt gene is single copy
(data not shown). Contour-clamped homogeneous
field electrophoresis analysis (CHEF), run in two
different pulse and field strength conditions, was
used to localize aprt to a 1.2 Mbp chromosome
(data not shown).
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CTGCAGAGTCGCAGCCTGACCGCATCACACATCcAAGCGTTACAGCCTCTCCGTCTTTGCT
GCACCCAAGGTATTCGTGTGACCGCGTTGAGGGATCTAATGGATTCGGAACTTTGGTCGT
TTGGTCTCTCATGCTGCCCAATCCCATGCECTTTTCTCCGTGCCTCTCTGTCTCCCCTTY

SAS
TTCTATTTGGACAACGATGTGTACTGTAATGGTGCGCCATCTGACAACGAATAEAT CA
GCACGATTCGCACACTTGCACATACCCAGTGAAGCTTTTGTGTCTGTCGTATTGACAACA
CCGACTGCAACAAGGTGTAGATAGAAGTTGGCCTTCTCGCTCGCTCGCACGCTCTTCACG

CTCCTGCTTTCCTTGCTGTGCCTTGCCACCATGTCCCTCAAGGAAATCGGACCCAACTCT
M S L K E I G P N S

TTACTGCTCGAGGATTCGCACTCCTTGtCGCAACTGCTAAAGAAGAACTACCGCTGGTAC
L L L ED S H S L S QL L K KN Y R W Y

TCCCCAATCTTCTCCCCACGCAACGTCCCTCGCTTTGCCGATGTCAGCAGCATCACCGAA
s p I F S P RNV P R FADV S S I TE

TCTCCAGAGACGTTGAAAGCTATTCGTGACTTCCTTGTCGAGCGGTACCGCACCATGTCG
s P ETL KA ATIRDU FULV EIRYRTMS

CCAGCCCCAACGCATATCCTAGGCTTCGATGCTCGCGGCTTTCTCTTTGGCCCCATGATC
P A P TH I LG VF DA AIRGU FULF G P MTI

GCCGTCGAGCTCGGAATCCCGTTCGTTCTGATGCGCAAGGCGGACAAGAATGCTGGTCTC
AV EL G I P F VL MR KA ADI KN AG L

CTTATCCGAAGTGAACCGTACGAAAAGGAGTACAAGGAGGCCGCGCCGGAGGTCATGACG
L I R S E P Y E K E Y K EAA AP E V MT

ATCCGCCACGGCAGCATCGGCAAGAATTCGCGTGTGGTGCTAATCGATGACGTTCTGGCA
I R H G S I G KN S RV VL I DDV L A

ACGGGTGGAACGGCGCTGTCGGGGTTGCAGCTGGTGGAGGCAAGCGGTGCAGAGGTTGTC
T G G T A L S G L QL V EA ASGAE V V

GAGATGGTCTCGATCTTGACCATTCCTTTCCTGAAGGCGGCGGAGAGGATTCACTCTACC
EMV S I L TTI PF L KA AZEIRTIHST

GCTGGCGGTCGATACAAGAACGTTAGGTTTATCGGTCTTCTCTCTGAAGACGTGCTGACA
A G G R Y KNV R F I GULL S E DV L T

GAGGCGAACTGTGGAGACTTGAACGACTACACTGGTCCCCGTGTGCTGAGCTGCAGCGAT
EANTCGDULNUDYTG PRV L S C S D

CTACTGGTGAACCAGTAGCGCTACCTGTCACATTACATGTCTCTCTGAGTTGAATCTTTG
L L V N Q Stop

TCTTTGCTGTGCGGCAGTGTGCTTGCTGCATGTCTGTGCCAACTTCCTGGCCGGCGCGTC
TATGCGTGTCTCGATGCACAGGAAGGAGGAGCTGTGATGAAAG
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Fig. 1. Nucleotide and predicted amino acid sequences of the L. tarentolae APRT gene. A 1246 bp sequence of the 3 kbp genomic
fragment is shown. The nucleotides within the protein coding region and the predicted amino acid residues are enumerated from the
methionine start codon (bold face underlined ATG). A termination codon (TAG) is indicated in bold at position + 708. Nucleotides
within the 5 untranslated region are numbered negatively starting from the start codon. The G residue corresponding to the sSIRNA
splice-acceptor site is indicated (SAS). The tentative polypyrimidine tracks identified 5’ to each splice-acceptor site are boxed, and

the polyadenylation site

Northern analysis revealed two low abundance
aprt transcripts of ~ 1.1 and 7.5 kb in length (data

not shown). The 1.1
mature aprt mRNA

identified in the transcript is indicated at position + 856.

sequence and from 5 and 3’ RACE experiments.
We speculate that this band represents an accumu-

kb band is consistent with the lation of pre-mRNA transcript, possibly previous

which was deduced from the to trans-splicing and/or polyadenylation.
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Fig. 3. Expression of L. tarentolae aprt in E. coli and purifica-
tion of the recombinant protein. The L. tarentolae aprt gene
was subcloned into the pQE-30 expression vector and overex-
pressed in E. coli. The proteins were separated in a SDS-
PAGE gel. The 0 and 4 lanes represent lysates of non-induced
and 4 h IPTG-induced E. coli, respectively. Sup., the superna-
tant of the 4 h-induced crude lysate. The 0—500 lanes represent
fractions eluted from the Ni®?*-NTA column with increasing
concentrations of imidazole (0—500 mM). M, molecular size
markers in kDa.

The aprt open reading frame was amplified by a
PCR reaction with oligodeoxynucleotides S-2284
(5-CGTGGGATCCATGTCCCTCAAGGAAA-
TCGGACCCAC-3) and S-2286 (5-GCTAAT-
TAAGCTTCTGGTTCACCAGTAGATCGCCG-
3") (added BamHI and HindlIII restriction sites are
underlined). The 728 bp PCR fragment was then
cloned into the pQE-30 overexpression vector
(Qiagen). The IPTG-induced transformed E. coli
cells produced high levels of soluble, enzymatically
active L. tarentolae APRT, which was purified to
homogeneity on a Ni2*-NTA column by elution
with a step gradient of imidazole (Fig. 3). The
expressed APRT eluted in the 100—-150 mM imi-

dazole fractions, together with enzymatic activity.
The recombinant APRT protein with an N-termi-
nal hexahistidine tag migrates as a 26 kDa protein
in 10% SDS-PAGE. The recombinant APRT re-
tained enzymatic activity and substrate specificity
(data not shown). The purification of recombinant
APRT protein from L. donovani has been previ-
ously reported [4] by a method which utilized the
affinity of APRT for the AMP product and which
required an enzymatically active protein. The abil-
ity to overexpress and purify the recombinant L.
tarentolae protein in a single chromatographic
step, independent of the active binding of the
APRT to the substrate, should allow the purifica-
tion of APRT mutants with different affinities for
the substrate. This is a prerequisite for a struc-
tural-functional study of the enzyme.

Size exclusion chromatography of the purified
L. tarentolae APRT indicates that the protein
migrates as a dimer of 52 kDa in the absence of
PRPP (data not shown). This is an interesting
difference from the L. donovani homologue, which
has been shown to elute as a monomer in the
presence or absence of PRPP [4]. It is possible that
the few amino acid differences seen in these two
APRT proteins, principally at the N- and C-termi-
nus sequences, may play a role in the formation of
higher order structure.
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