ELSEVI

ER International Journal for Parasitology 29 (1999) 601-605

INTERNATIONAL
Journal for
PARASITOLOGY

Research note

Cloning and characterisation of a cDNA encoding the
Trypanosoma brucei ribosomal protein L24"

Laurie K. Read *, Kevin T. Militello, George E. Nerantzakis

Department of Microbiology and Center for Microbial Pathogenesis, SUNY Buffalo School of Medicine, Buffalo, NY 14214, USA

Received 6 October 1998; received in revised form 4 December 1998; accepted 7 December 1998

Abstract

A cDNA encoding ribosomal protein L24 was amplified by PCR from the protozoan parasite, Trypanosoma
brucei. The 621 nucleotide cDNA had an open reading frame of 375 nucleotides, predicting a highly basic protein of
125 aa. Database searches revealed 33—40% identity between the 7. brucei RPL24 protein and several eukaryotic
RPL24 homologues. Southern blot analysis indicated that the gene was present as a single copy, and a transcript of
approximately 620 nucleotides was detected in procyclic forms of the parasite. Interestingly, 7. brucei PRL24 is the
smallest eukaryotic RPL24 protein described to date. It is also the most divergent of the known kinetoplastid
ribosomal proteins. © 1999 Australian Society for Parasitology Inc. Published by Elsevier Science Ltd. All rights

reserved.
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Ribosomes are composed of both proteins and
RNAs. Peptidyl transferase activity apparently
resides in an RNA component of the ribosome,
since in vitro synthesised Escherichia coli 23S
rRNA has been shown to catalyse peptide bond
formation in the absence of any proteins [1].
Indeed, this enzymatic activity can be reproduced
using only domain V of the 23S rRNA, and it is
stimulated markedly by addition of domain

“Note: Nucleotide sequence data reported in this paper are
available in the GenBank, EMBL, and DDBJ databases
under the accession number AF011787.
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VI [2]. It has been suggested that some protein
components of ribosomes may function to stabil-
ise interactions between rRNA domains [3]. One
protein that is localised in the peptidyl transfer-
ase centre of eukaryotic cytoplasmic ribosomes,
and thus could serve such a stabilisation func-
tion, is ribosomal protein L24 (RPL24) [4].
Genes encoding identical RPL24 proteins have
been cloned from human and rat ( [5, 6]; P38663
and X78443, respectively). Homologues of this
protein have also been identified in three plant
species (Hordeum vulgare, P50888; Arabidopsis
thaliana, P38665; and  Cicer  arietinum,
AJ225027 [7]), three yeast species (Saccharomyces
cerevisiae, P04449 and P24000 [8],
Schizosaccharomyces pombe, Z81317 and Q10353;
and Kluveromyces lactis, P38665 [9]), and three
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archaebacteria (Methanococcus Jjannaschii,
P54064 [10]; Pyrococcus horkoshii, AP000006 [11],
and Archaeoglobus fulgidus, AE001051 [12]). We
report here the sequence of the RPL24 homol-
ogue from the protozoan parasite, Trypanosoma
brucei. The predicted protein has significant hom-
ology to all reported RPL24 proteins. We have
also determined the RPL24 genomic organisation
and transcript size to gain insight into expression
of the RPL24 gene in this parasite.

A cDNA with homology to RPL24 was ident-
ified during a PCR amplification. Briefly, oligo-
d(T)-primed cDNA was generated from 7. brucei
procyclic form RNA and amplified using a pri-
mer corresponding to the T. brucei spliced leader
sequence [13], X-SL24
(TATCTAGAACAGTTTCTGTACTATATTG;
Xbal restriction site is underlined), and a second,
degenerate oligonucleotide corresponding to a
region of homology between eukaryotic poly(A)
polymerases, (PAP-6; GCGGATCC(G/A)TG(G/
T/A/C)AC(G/T/A/C)CC(G/T/A/C)A(G/A)G/T/
A/C)C(G/T)(G/A)TA; BamHI restriction site is
underlined). Polymerase chain reaction was per-
formed under the following conditions: 5 cycles
of 94°C 1 min, 35°C 30s, 60°C 1min, and
35 cycles of 94°C 1 min, 50°C 30s, 72°C 1 min.
A 389 nucleotide product was isolated, ligated
into the Xbal/BamHI site of pBluescript 1T SK —,
and two clones sequenced in both directions by
automated Tag cycle sequencing. The sequences
of these cDNAs were identical, and the proteins
predicted from their sequences revealed si-
gnificant homology to a portion of several
RPL24 genes when searched against protein
databases. In order to amplify the remainder
of the RPL24 cDNA, a primer based on the
cDNA sequence (RPL24-1; GCGAATTCGC-
TCTCCTACATTCAAGAAGTGCG; EcoRI
restriction site is underlined) was used in con-
junction  with  oligonucleotide  XSC-d(T);
(GACTCGAGTCGACATCGATTTTTTTTTT-
TTTTTTT,; Xhol, Sall, and Clal restriction sites
are underlined) to amplify 7. brucei procyclic
form cDNA under the following conditions:
4 cycles of 94°C 1 min, 45°C 30s, 72°C 1 min,
and 26 cycles of 94°C 1min, 55°C 30s, 72°C
1 min. Polymerase chain reaction products were

digested and ligated into the EcoRI/Xhol site of
pBluescript II SK—, and two clones were iso-
lated and sequenced in both directions. The
sequences were 339 and 343 nucleotides in length,
including 3’ poly(A) tracts of 38 and 42 nucleo-
tides, respectively. The complete 617-621 nucleo-
tide RPL24 cDNA predicts a 375 nucleotide
open reading frame (ORF) encoding a 125 aa
protein with a M, of 14595 and a P.I. (isoelectric
point) of 12.09 (Fig. 1). There are 10 nucleotides
between the spliced leader and the AUG start
codon and a 177 nucleotide 3’ untranslated
region. Comparison of the cDNA sequence with
the PAP-6 primer revealed complementarity
between 11 out of 12 of the 3’-most bases of the
primer and the cDNA sequence, accounting for
the initial amplification of this cDNA.

A BLAST search of the protein sequence pre-
dicted from the ORF indicated that the protein
was highly homologous to RPL24 genes from a
wide range of organisms. Multiple sequence
alignment of T. brucei RPL24 with other RPL24
sequences was performed with the PILEUP and
PRETTY programs from the Genetics Computer
Group (GCG) package [14] (Fig. 2). Pairwise
sequence alignments between RPL24 protein
sequences were performed with the GAP pro-
gram from the GCG package. Trypanosoma bru-
cei RPL24 showed the highest homology with the
RPL24 homologue (called RPL30 in yeast [8,9])
from K. lactis (39.7% identity; 54.6% similarity).
It also showed similar levels of homology with
RPL24 homologues from S. cerevisiae (37.2%;
53.7%), H. sapiens (36.3%; 51.24%), A. thaliana
(35.5%; 45.5%), and H. vulgare (33.1%; 45.5%).
The T. brucei RPL24 homologue is the smallest
of the eukaryotic RPL24 proteins described to
date, being about 80% the size of the other pre-
dicted proteins. Interestingly, the T. brucei pro-
tein lacks sequence at its C terminus, which is the
region least conserved among all RPL24
proteins [6]. The archaecbacterial M. jannaschii
RPL24 homologue, which is 70 aa in size, is sig-
nificantly smaller than all of the eukaryotic pro-
teins, and is 26% identical and 35% similar to
the T. brucei protein. Surprisingly, given that 7.
brucei is an evolutionarily ancient eukaryote [15],
the M. jannaschii RPL24 homologue showed the
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X-SL24—
tagaacagtttctgtactatattgttcgaagaccatgcggacgattgactgcgagttcte 60
M R T I D C E F S 9
gcacttcgctgtacatccgggecatggecgecgectacgteeegtttgetttettatcaac 120
HF AV H?PGH G RIRYVPFAVFTUL ST 29
gaagcctgtgctgacatttgecgegeccgaagtgtttegegatgtacatgegcaaaaagaa 180
K P VL T F A RPI K CVFAMYMMZBRI KI KN 49
cccacgctttattgecctggacccgcacgtaccgecgecattcatcggaagacgacgaccga 240
P R F I AW TURTYRU RTIHIRI KTTTT D 69
ccgegtgggecgecgecgtgecgcacgcacagtgagagcagagegegetategteggtge 300
R V G R RRAARTVRAEU RA ATIUVG A 89
RPL24-1— «PAP-6

tgagctctcectacattcaagaagtgcgagcaaaggcgaagaaggttgaccgtaccagccaa 360
E L S Y I Q E V R A KA K K VDI R T A K 109
dagcaaagccgtgcgtgaggagatggctgectegtaaggcagecgaagaaatagaggeggtyg 420
G K AV R EEMA A AIRKAA K K * 125
aaatacacttgatgtgcaaaactctaacacccaatggtctgtgggcaaacagctttttaa 480
ccgtttagttttectttttgttttaaaaattggatgcatatggcaaggtgggtgttggtta 540
ccccaacgaccgccacgttaacaggtgaaccaagggtte 579

Fig. 1. RPL24 ¢cDNA and predicted aa sequences. Nucleotide and aa residue numbers are indicated at the right. Positions of oligo-

nucleotides used in PCR amplification are underlined,
nucleotides represent spliced leader sequence.
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M.j .QDMKAELKK AQESQ
H.v ..KQ.K.DIH AEAAKK.RRT
A.t . .KQ.K.DAA QEAVK. .RXX
H.s ...K.K.GQS EEIQKK.TR.
S.c F.KH.K.GI. EE.AKK.SRK
K.1 ...H.K.GI. EE.A.K.TRK
T.b YRRIHRKTTT DRVGRRRAAR
121
M.Jj
H.v .RIKKT.DE. .AKKAEVTKS
A.t. -RIKKT.VER RLRRWNLLLS
H.s. .AKK.KQ.S. .T--AMAAAK
S.c .KKR.E...R .AEKAKSAGV
K.1 .KKK.D...R .SEKAKLAAA
T.b EEMAARKAAK K

Fig. 2. Comparison of the 7. brucei RPL24 aa sequence

and their names and orientations shown above the sequence. Italicised

60

KMV.E----K DGT..Y.CSS ..EKS..MGR ...KLK..KV
I.FIR----. DSQ.FL..NS ..KRYFHNRL K.AKLC..AM
I.FIR----. DSQ.FL.LNS ..KRYFHN.L X.SKL...AI
...AR----T DGK.FQ.LNA ..ESAFLS.R ...Q.N..VL
TLF.R----G DSKIFR.QNS .SASLFKQR. ...R....VL
TLF.R----G DSKIFR.QSS .SASLFHQR. ...R....VL
RRYVPFAFLS TKPVLTFARP KCFAMYMRKK NPRFIAWTRT

ook * | . * . Kk

120

-KKPYS.S.. ..T.EV..KK ..EKPEVRDA A.E.ALREIK
-KXPYS.S.. ..T.EV..KK ..EKPEVRDA A.E.ALREXK

A.K-FQ...T ..S.AD.MAK .NQKPEVR.A Q.EQAIR.AK
..K-.Q.P.T ..S.DL.K.R .SLKPEVR.A N.EE.L..NK
S.K-.Q..V. ..S.EL.K.R .SLKPEVR.A Q.DE.K..DK
TVR-AERAIV GAELSYIQEV RA---KAKKV DRTAKGKAVR

-QKSQGGKGA VQKGSKGPKL GGGGGKR
NRRSRLISPK LLLASKGPKV GGGGGKR
APTKAAPKQK IVKPVKVSAP RVGGKR
QGSKVSKQQA KGAFQKVAAT SR
QGSKVSKQQA KGAFQKVAAT SR

with those of other RPL24 homologues. Species names are abbreviated at

the left and represent Methanococcus jannaschii, Hordeum vulgare, Arabidopsis thaliana, Homo sapiens, Saccharomyces cerevisiae,

Kluveromyces lactis, and Trypanosoma brucei. Note that

the H. sapiens sequence is identical to that of Rattus norvegicus, and that

there is an additional, highly similar RPL24 homologue in S. cerevisiae (P04449 [22]). Dots within the aa sequence indicate residues
identical to those in T. brucei. Dashes indicate gaps that have been inserted for optimal alignment. Symbols below the alignment
refer to homologies between all seven RPL24 proteins as follows: *, identical aa; :, conservative substitutions; @, semi-conservative
substitutions. Sequence alignment was performed using the PILEUP and PRETTY programs from the Genetics Computer Group
package. Amino acid residue numbers are indicated at the beginning and end of each line.
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second lowest homology with the T. brucei pro-
tein in pairwise comparisons between itself and
all reported eukaryotic RPL24 proteins. The T.
brucei protein is similar to other reported RPL24
proteins in that it is highly basic even for a ribo-
somal protein, with lysine and arginine constitut-
ing approximately 27% of the aa residues.

Southern blot analysis was performed using 7.
brucei genomic DNA which had been digested
with EcoRI, BamHI, or Xhol, each of which cuts
outside of the cDNA sequence (Fig. 3A). The
blot was probed with a random primed probe
corresponding approximately to the 3’ half of the
RPL24 cDNA. In all three digests, only one
band was observed, suggesting that the RPL24
gene is present in a single copy. To rule out the
presence of tandemly repeated genes [16], we
amplified T. brucei genomic DNA with two sets
of RPL24-specific primers that were completely
degenerate at the 3’ position. Even under anneal-
ing conditons of only moderate stringency and
extension times up to 5 min, no products with a
size and restriction digestion pattern that could
be interpreted as tandemly repeated copies of the
RPL24 gene were observed (data not shown).
Thus, we conclude that the 7. brucei RPL24 gene
is present as a single copy. The size of the
RPL24 cDNA including the complete spliced lea-
der, but excluding the poly(A) tail, is 590 nucleo-
tides. Northern blot analysis of 7. brucei
procyclic form RNA reveals a transcript of the
expected size (Fig. 3B). The smearing of the sig-
nal may indicate heterogeneity in poly(A) tail
length, although this was not directly evaluated.

Several ribosomal protein sequences have been
reported from kinetoplastid species [17-21].
These proteins are generally more closely related
to eukaryotic than to prokaryotic homologues as
was observed for the 7. brucei RPL24 protein.
Levels of homology between kinetoplastid riboso-
mal proteins and their eukaryotic homologues
are typically very high, ranging from approxi-
mately 46—69% identity. Thus, although the level
of conservation between the RPL24 protein of T.
brucei and those of several evolutionarily distant
organisms is quite high, the T. brucei RPL24 pro-
tein is the least conserved of the kinetoplastid
ribosomal proteins described to date.

A B
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Fig. 3. Southern and northern blot analysis of the RPL24
gene. (A) Genomic DNA (10 pg) from T. brucei was digested
with EcoRI (E), BamHI (B), or Xhol (X), electrophoresed on
a 1% agarose gel, and transferred to Nytran. The blot was
hybridised with a random primed probe corresponding to the
3’ 286 bp of the RPL24 gene overnight at 42°C in 50% for-
mamide, 6xSSC, 0.5% SDS, and 100 ug ml~! salmon sperm
DNA. Washes were performed with 2xSSC, 0.1% SDS for
15 min at room temperature, 0.1xSSC, 0.5% SDS for 30 min
at 37°C, and 0.1xSSC, 0.5% SDS for 30 min at 68°C. (B)
Ten micrograms of 7. brucei procyclic form RNA was electro-
phoresed on a 1.5% agarose gel containing 0.66 M formal-
dehyde and 20 mM MOPS (pH 7.0) and transferred to
Nytran. The blot was hybridised with the same probe as
described above for the Southern blot overnight at 42°C in
50% formamide, 5xSSPE, 5xDenhardt’s solution, 1% SDS,
and 100 ugml~' salmon sperm DNA. Washes were per-
formed with 2xSSPE, 0.1% SDS twice for 5min at room
temperature, 0.2xSSPE, 0.1% SDS twice for 5Smin at room
temperature, 0.2xSSPE, 0.1% SDS twice for 15 min at 42°C,
and 0.1xSSPE, 0.1% SDS twice for 15 min at 68°C.
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