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A cDNA encoding the complete open reading frame ofthenia soliunacidic ribosomal phosphoprotein P2
has been cloned. The 417 bp cDNA (arpP2) was isolated frdmsaliumcDNA expression library by PCR
using P protein specific pimers. The ORF encodes a protein of 121 amino acids exhibiting 40-55% identity to
mammalian, fungal, insect, and parasite P2 proteins. The inferred molecular mass of the protein is 12,592
Daltons, similar to that reported for other ribosomal P2 proteins. After subcloning and expression, the recom-
binant protein was purified by affinity chromatography under non-denaturing conditions and was shown to have
a molecular mass of 15 kDa which is equivalent to the expected size of the full length recombinant fusion
protein, comprising the 12.6 kDa arpP2 plus an additional 2 kDa for the N-terminal fusion peptide incorporating
the six histidine residues required for purification® 1996 Academic Press, Inc.

Dominant and evolutionarily conserved protein components of all ribosomes are the P (p
pho)-proteins (also called the “A” acidic proteins). A recent overview of their location, functio
structure and antigenicity is available in (1). The P proteins play an essential role in pro
synthesis and are unique among the ribosome components due to their d@adid fo the fact that
they are the only molecules in ribosomes which are present in multicopy. In general, eukary
ribosomal P proteins consist of three antigenically cross-reactive family members, P1, P2 ant
which form a pentameric complex in which P1/P2 homodimers are attached to a single PO pr
via their NH,-terminal end; they contain a variable region rich in alanine, proline and glyci
adjacent to an acidic carboxy domain which is highly conserved both within and across spe
from humans to yeast. PO is the largest protein of the family with an apparent molecular mas
approximately 38 kDa, while P1 and P2 migrate as a doublet in the 12-19 kDa range on S
polyacrylamide gels. This eucaryotic P protein system shows a marked degree of protein dive
with at least three different ribosomal P protein genes in mammals (2) and five in yeast (3
Furthermore, the acidic ribosomal proteins are phosphorylated in order to facilitate assembly
the ribosome (5). In higher eucaryotes the phosphorylation sites have been identified as C-ter
serine residues (5, 6).

The ribosomal P components may be important in the induction of autoimmune responses «
the classical autoimmune disease systemic lupus erythematosus (SLE), anti-P antibodies ar
erated to the C-terminal region (residues SDDDMGFGLFD) of the human proteins (7). Le
American patients with chronic cardiac Chagas’ disease, caused by the intracellular proto
parasite, Trypanosoma cruz({Tc), also present a strong humoral response against the same
terminal region of the Tc acidic ribosomal proteins (TcP) (1). Furthermore, anti-TcP antibodies
cross-reactive with human P proteins, suggesting that TcP’s may contribute to the developme
autoreactive antibodies in Chagas’ disease patients (8). Unlike most other known eukaryotic «
T. cruzi possesses four types of ribosomal P proteins (TcPO, TcP1, TcP2a and TcP2b),
complete encoding cDNA sequences for which have been reported (1, 8). Sequences for ribos
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proteins of other protozoan parasites, includimigshmaniaspp.,Trypanosoma bruceindBabesia
bovis are also available (1, 8-10) but, as far as we are aware, none have been reported fo
multicellular parasite. Herein, we report the cloning, expression and characterization of a ribost
P2 protein from the pig tapeworm (cestodEdenia soliumwhose larval stages (cysticerci), as well
as using pigs as intermediate hosts, also develop in humans in the subcutaneous tissues,
skeletal muscle, brain, and eyes and cause cysticercosis, a serious and chronic disease.
cysticerci are present in the central nervous system, neurocysticercosis results, a partici
dangerous form of the disease.

MATERIALS AND METHODS

Bacterial strains, phage, and growth conditions. Escherichia &61090 [F-A lacU169 lon- 100 araD139 strA
hflA150::Tn10(pMC9; Tet Amp")] and XL1-Blue [F::Tn10 proA'B* lacl® A(lacZ)M15/recAl endAl gyrA9@Nalthi
hsdR17(r,~ m,~) supE44 relAl lakcells were cultured and maintained in LB medium (1% Bacto-Tryptone, 0.5% yea
extract, 1% NaCl) supplemented with ampicillin (1@@/ml). Before use in phage propagation, Y1090 cells were culture
in LB medium supplemented with 0.2% maltose, 10 mM MgSgH 7.4) at 37°C with shaking. The cells were pelleted
and resuspended in 10 mM Mg$@ an optical density at 600 nm (QR) of 0.5. Aliquots of the packagekiyt1l cDNA
library containing approximately 10,000 pfu were mixed with §0®f Y1090 cells (OQ,, = 0.5) and incubated for 15
min at 37°C. Three ml melted top agarose (0.7% agarose in LB) was added to each aliquot, plated on 150mm LB
and incubated at 42°C for 3.5 h for immunoscreening. After the plates were overlaid with nitrocellulose filters impregn
with 10 mM isopropyl8-D-thiogalactopyranoside (IPTG), incubation was continued for a fu@Hhe at37°C.

Screening of a T. soliukgt11 cDNA library and DNA sequencing.T. soliumcDNA library was constructed ingt11
using Poly (A RNA isolated from metacestodes (cysticerci) from pigs of Mexican origin. A tdtél>» 10° recombinant
pfu of the unamplified library were screened with a pool of human infection sera (HIS) of patients with confirrr
neurocysticercosis. HIS was adsorbed agakfistoli proteins before use in immunoscreening. Plaques adsorbed or
IPTG-impregnated nitrocellulose filters were rinsed with TBST (50 mM Tris-HCI (pH 7.5), 150 mM NacCl, 0.05% Twe
20,) and then blocked with 3% skimmed milk in TBS (50 mM Tris-HCI (pH 7.5), 150 mM NacCl,). The filters wer
incubated with HIS (diluted 1:100 in TBST) at 37°C for 1h and then washed three times in TBST. After washing, the fil
were incubated at 37°C fd. h with goat anti-human IgG conjugated with horseradish peroxidase, washed three time
TBST and once in TBS, and developed with 4-chloro-1-naphthol. Positive plaques were identified, and each was exti
with a sterile pasteur pipette and plaque purified by another round of screening (at a lower concentration so that indi\
plaques could be isolated). For sequencing purposes BIRA was isolated using a commercial kit (Wizard Lambda Preps
DNA Purification System, Promega), restricted wiEboRI, and subcloned into the uniqieadRI site of the sequencing
vector M13mp18. Manual sequencing was performed with a M13/pUC sequencing primer using the Sequenase Ver
kit (United States Biochemical Corporation). Analysis of nucleotide and deduced aminoacid sequences was performec
the GCG software package, Version 7.3.1., 1993, (Genetics Computer Group), and the EGCG software (EMBL), and
the GenBank (release 87) and SwissProt (release 31) data bases.

Screening of a T. soliumgt10 cDNA library by PCROver 40 clones, putatively expressiiig soliumantigens, were
isolated from thengtl1l cDNA library and one clone (L4RTS1) with a cDNA insert of 150 bp, which on sequencing w.
shown to have more than 90% homology with the family of P ribosomal proteins, was selected for further study. A rev
primer (53-CTTTATTCACAAATAATTAGTCAAAGAG-3 ') matching the C-terminal sequence of thgtll clone was
synthesised using th@-cyanoethyl phosphoramidite procedure on an ABI model 308B DNA synthesiser. This oligo w
paired with argt10 forward primer (Promega) (AGCAAGTTCAGCCTGGTTAAG-3) and used in PCR to amplify a full
length acidic ribosomal phosphoprotein P2 (arpP2) gene frdmsaliumcDNA library constructed ilgt10 (library kindly
provided by Dr. P. Laclette). The PCR involved denaturation for 4 min at 94°C, followed by 35 cycles at 94°C for 40 -
60°C for 1 min, and 72°C for 1.5 min, followed by a final extension at 72°C for 15 min, using a Perkin Elmer Cetus, mc
480, thermal cycler.

cDNA cloning and analysi®?CR products were fractionated by electrophoresis through 2% low-melting point agart
(3:1, NuSieve GTG:Sea Kem ME, FMC Bioproducts) in Tris acetate-EDTA buffer and stained with ethidium bromi
Products were isolated from gels using Wizard DNA Clean-Up Columns (Promega), ligated into plasmid pGEM-T (
mega) using T4 DNA ligase (Amersham), and used to transtermoli strain XL1-Blue cells by electroporation. Trans-
formed cells were cultured on LB-agar supplemented with ampicillin, 5-bromo-4-chloro-3-igelblgalactopyranoside,
and IPTG. Maxipreps of recombinant pGEM-T plasmids were prepared from bacterial cultures using Qiagen-500 coll
(Qiagen). Nucleotide sequences of both strands of plasmid DNA were determined with universal vector primel
sequencing primers by the dideoxy method using the ABI Tag DyeDeoxy Terminator Cycle Sequencing System au
automated DNA sequencer (ABI, model 373A). Analysis of nucleotide and deduced amino acid sequences were perfi
as described above.

Subcloning, expression and purification of recombinant arpP2 profEie. QlAexpress system (Qiagen) was used for
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FIG. 1. Agarose gel electrophoresis Bf soliumP protein cDNA. Molecular size markers are indicated in kilobases. (A
PCR product after amplifying &gt10 cDNA library with a LARTS1 specific reverse andgt10 forward primer. The arrow
indicates the 450 bp amplicon. (B) Insert of the pGEM-T clone arpP2 after amplification with pGEM-T specific prime
The arrow indicates the 450 bp band consisting of the 417 bp arpP2 DNA plus additional 33 bage0dDNA.

high-level expression and purification of recombinant protein féngoli. The pGEM-T plasmid DNA containing the full
length insert was amplified by PCR using a forward primer that matched the N-terminal sequence of the arpP2 gen
incorporated 8amHlrestriction site sequence(FAATATGGATCCATGCGCTATCTCGCTGCTTATC-3), paired with

a reverse SP6 promoter primer. TBamH and Sal digested product was ligated into tBamH and Sal-digested pQE-30
vector (Qiagen) and used to transfoin coli XL1-Blue cells by electroporation. Clones were identified by restriction
enzyme analysis and DNA sequencing. For expres&ionpli transformed with a recombinant clone was cultured at 37°C
with vigourous shaking to an Qlg, = 0.9, induced with 1 mM IPTG, and incubated for a further 4 hours. Cells wer
harvested by centrifugation and lysed by resuspending in 50 mM Tris-HCI (pH 8.0) supplemented with Img/ml lysoz)
incubating at room temperature for 1 h, freeze-thawing once, and sonicating at 20 kHz for 15 mins. After centrifugatio
cleared lysate was mixed with Ni-NTA resin (Qiagen) and rotated.fbh atroom temperature. The resin was loaded into
a 1-cm-diameter column and washed with 50 mM Tris-HCI (pH 8.0, flow rate 0.5 ml/min) until thg s less than

1 GCGGCCGCTGAACTACTATCGTGATTTCGTGAAA ATG CGC TAT CTC GCT GCT TAT CTT TTG GCC CAG
Met Arg Tyr Leu Ala Ala Tyr Leu Leu Ala Gln

68 CTT GGT GGC ACT GGT CGT CCT CAG GAG TCA GAC ATC AAG AAC ATC TTG AGC TCA GTT GGT
Leu Gly Gly Thr Gly Arg Pro Gln Glu Ser Asp Ile Lys Asn Ile Leu Ser Ser Val Gly

128 GTC GAA TGC GAG CAG GAG CGA GCT AAG TTG GGG GTC GAT CAA TTG CAC GGC AAA AAT GTG
Val Glu Cys Glu Gln Glu Arg Ala Lys Leu Gly Val Asp Gln Leu His Gly Lys Asn Val

188 CGT GAT TTG ATT AAC ACC GGC AAG GAG AAG ATG TCT GCA GTC TCT TTC GGT GCT ACT CCA
Arg Asp Leu Ile Asn Thr Gly Lys Glu Lys Met Ser Ala Val Ser Phe Gly Ala Thr Pro

284 GTC GCT GTT CCA TCA GGT GGT GCT CCC GCT GCC GCT ACC GCT GCT GCT GAA GCT CCT AAA
Val Ala Val Pro Ser Gly Gly Ala Pro Ala Ala Ala Thr Ala Ala Ala Glu Ala Pro Lys

308 GGT GGC GAC AAG GCT GCT GCT CCC CCC AAA GAG GAA AAG AAG GAG GAG TCT GAG GAA TCT
Gly Gly Asp Lys Ala Ala Ala Pro Pro Lys Glu Glu Lys Lys Glu Glu Ser Glu Glu Ser

368 GAT GAC GAT ATG GGT TTC AGT CTC TTT GAC TAA TTATTTGTGAATAAAGA 417
Asp Asp Asp Met Gly Phe Ser Leu Phe Asp *

FIG. 2. Nucleotide sequence and deduced amino acid sequence of clone arpP2. The stop codon is indicated
asterisk.
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FIG. 3. Alignment of deduced amino acid sequences of ribosomal P proteinsTraalium(accession no. L39653),
Babesia bovigaccession no. P27055J, cruzi(accession no. P26795)egishmania infantun{faccession no. Q06382),
Dictyostelium discoideurfaccession no. P22683accharomyces cerevisigaccession no. P05319, pombdaccession
no. P17478)D. melanogaster(accession no. P05389%)rtemia salina(accession no. P02399), human (accession nao
P05387), and rat (accession no. P02401). Blocks denote conserved residues and gaps have been introduced to maxi
alignment. Symbols on the first line of each alignment block designate the conserved arginine residue of ribosomal pr
P2 (solid triangle) and the phosphorylatable serine residues (asterisks). The 6 amino acid insertidn sblinenarpP2
is indicated by a solid bar, the alanine-rich hinge region by a dashed line and the P consensus sequence by a dott

0.01. The recombinant protein was eluted with a linear gradient to 0.25 M imidazole in 50 mM Tris-Hcl (pH 8.0). Prof
was estimated using the Bradford assay (11).

RESULTS AND DISCUSSION

Cloning and DNA sequence analysis of the T. soligill L4RTS1 cloneOf the 6 x 16
plagues, 40 immunoreacted positively with HIS. All the positive plaques were picked and
screened in a second round of immunoscreening to confirm positive signals and plaque-purif
clones. Eighteen clones were identified as definitely positive after the second screening. T
DNA was isolated, subcloned into M13mp18 and sequenced from both ends. The resulting L
sequences were used to search for homology in the GenBank database. One clone (L4F
exhibited significant homology to the C-terminal end of the 60s acidic ribosomal phosphopro
family of genes (PO, P1 and P2) from various species, in particular to the nucleotide sequen
chicken 60s acidic ribosomal phosphoprotein P1 (accession no. X13876). The alignment with
sequence showed that only a partial sequence of tiseliumP-protein had been cloned. In order
to obtain a full-length cDNA clone, PCR was employed, using aoliumAgt10 cDNA library as
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 Homo sapiensPO

L Rattus norvegicus PO

— Saccharomyces cerevisiae PO

Dictyostelium discoideum PO

Chenopodium rubrum PO

r Rattus norvegicus P2

L Homo sapiens P2

_| Artemia salina P2

Drosophila melanogaster P2
Schizosaccharomyces pombe P20
Schizosaccharomyces pombe P23

Saccharomyces cerevisiae P2B

Saccharomyces cerevisiae P20,

Dictyostelium discoideum P2

Taenia solium P2
Babesia bovis P2

Trypanosoma cruzi P2-B
| Leishmania infc P2

4

Trypanosoma cruzi P2-A
’: Schizosaccharomyces pombe Plo
Schizosaccharomyces pombe P1p

Saccharomyces cerevisiae Plo,

Saccharomyces cerevisiae P1B
Homo sapiens P1
_[ Rattus norvegicus P1
L Gallus gallus P1
Artemia salina P1
_|: Drosophila melanogaster P1
— Chlamyde reinhardtii P1

Dictyostelium discoideum P1

Tryp oma cruzi P1

FIG. 4. Dendrogram of multiple pairwise alignments of deduced amino acid sequences of ribosomal P protefhs fro
solium (highlighted) and other species producing clusters of similar sequences (GenBank accession nos. from th
P05388, P19945, P05317, P22685, P29764, P02401, P05387, P02399, P05389, P08094, P17478, P02400, P05319,
L39653, P27055, P26795, Q06382, P23632, P17476, P17477, P05318, P10622, P05386, P19944, P18660, P02402,
P29763, P22684, P26643). The dendrogram predicts evolutionary relationships of arpP2 to other members of the P |
class (15).

template with a reverse primer that was designed to match the C-terminal sequence of the L4l
clone in conjunction with axgtl0 forward primer. Figure 1A shows the size of the produc
approximately 450 bp in size, amplified by using these primers. The cDNA was isolated from
gel and cloned into pGEM-T. Figure 1B shows the result of amplifying the insert from a selec
recombinant plasmid (arpP2) in a PCR reaction with pPGEM-T specific primers. The cDNA w
sequenced from both ends and the resulting DNA sequences used to search for homology

GenBank database. The clone exhibited, likextt 1 partial clone LARTS1, high homology to the
60s acidic ribosomal phosphoprotein family of genes (PO, P1 and P2). The full nucleotide sequ
of arpP2 is shown in Fig. 2. The 417 bp cDNA contains an open reading frame beginning with
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initiation codon ATG at position 35, and ending with the termination codon TAA at position 4C
When aligned with the cDNA sequences of rat PO (accession no. X15096), mouse PO (acce
no. X15267),Drosophila melanogastdP2 (accession no. X0501683chizosaccharomyces pombe
P1 (accession no. M33137), and human PO (accession no. H15026) proteins, identities of
70%, 67%, 69% and 65%, respectively were shown within the ORF.

Analysis of the protein structurdhe ORF of arpP2 encodes a protein of 121 amino acids wi
a predicted molecular mass of 12,592 Da antlaef@.62, as inferred form the nucleotide sequence
This sequence was used to search for homology in the SwissProt database. In contrast to the
with the cDNA sequence, high homologies were found with protein sequences of P proteins o
P2 subclass. Alignment of the amino acid sequence with thd&atfesia bovigaccession no.
P27055),T. cruzi(accession no. P26793)eishmania infantungaccession no. Q06382)ictyo-
stelium discoideunfaccession no. P22683accharomyces cerevisiéagccession no. P0531%,
pombe(accession no. P1747&), melanogastefaccession no. P0538HArtemia salinalaccession
no. P02399), human (accession no. P05387), and rat (accession no. P02401) P2 proteins (|
yielded identities of 38%, 42%, 36%, 43%, 47%, 48%, 55%, 47%, 47%, and 48%, respectiv
The longest P2 proteins in the SwissProt database are 115 amino acids in length (human an
while theT. soliumclone we have isolated is 6 residues longer. This is due to an insertion ©
amino acids at positions 70-75 in the soliumsequence (Fig. 3). This region comprises a highl
variable fragment of the ribosomal P proteins (12, 13) and shows the lowest degree of homc
in the alignment.

The overall structure of th&. soliumP2 protein follows closely that described for eucaryotic
ribosomal P proteins. It comprises a globular, N-terminal domain containing the central regiol
the protein, an alanine-rich hinge region, and a highly acidic, asparagine/glutamic acid-rict
terminus, which contains the ribosomal P consensus sequence EESDDDMGFSLFD, but whet
consensus glycine is exchanged for a serine (Fig 3). Like other P2 proteins the arpP2 conte
conserved arginine residue at position 38 of the alignment and two phosphorylatable serine res
in the C-terminal domain at positions 108 and 111 (Fig 3). The N-terminal region of the molec
is also highly conserved and shows only minor differences within the first 35 amino acids. 1
conservation may be related to the function of this domain of the protein which is responsible
the interaction with the body of the ribosomal major subunit (14). Since it has been considered
all ribosomal proteins P have evolved from a common ancestor (1), we constructed a dendro
of P protein sequences in order to predict the phylogenetic relatedness of arpP2 to 30 |
ribosomal P proteins (Fig. 4). Closest identities for arpP2 were with fungal P2 proteins (43%, ¢
and 48%) and to the P2 protein & bovis,(38%) andT. cruzi (42%), and, accordingly, we
consider theT. soliumprotein P2-like. By contrast, arpP2 showed less identity to P1 and |
proteins from several species.

FIG. 5. SDS-PAGE analysis showing expression and purificatioff .oéoliumribosomal protein P2. Molecular size
markers are indicated in kilodaltons. Lanes 1-3 show consecutive fractions of the affinity purification.

236



Vol. 219, No. 1, 1996 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Expression and purification of recombinant T. solium arpR&er subcloning into pQE-30, and
induction with IPTG, a protein of 15 kDa was highly expressed, that was not present in n
recombinant pQE-30 induced under the same conditions (data not shown). The 15 kDa prot¢
equivalent to the expected size of the full length recombinant fusion protein, comprising the :
kDa arpP2 plus an additional 2 kDa for the N-terminal fusion peptide incorporating the six histid
residues required for purification. Purification by affinity chromatography under non-denatur
conditions yielded a single protein of 15 kDa (Fig. 5). The non-denaturing expression of arpP2
facilitate studies on th&. soliumrecombinant acidic ribosomal phosphoprotein P2 to assess
potential as a diagnostic antigen and/or its potential role in auto immune disease, especial
patients with neurocysticercosis.
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