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We report the sequence, structure and distribution of a novel
transient receptor potential (trp) homologue from Xenopus, Xtrp,
determined by screening an oocyte cDNA library. On the basis
of sequence similarity and predicted structure, Xtrp appears to be
a homologue of mammalian trpl proteins. Two polyclonal
antibodies raised against distinct regions of the Xtrp sequence
revealed Xtrp expression in various Xenopus tissues, and the

localization of Xtrp at the plasma membrane of Xenopus oocytes
and HeLa cells. Since capacitative calcium entry into Xenopus
oocytes has been shown previously to be substantially inhibited
by trpl antisense oligonucleotides [Tomita, Kaneko, Funayama,
Kondo, Satoh and Akaike (1998) Neurosci. Lett. 248, 195-198]
we suggest that Xtrp may underlie capacitative calcium entry in
Xenopus tissues.

INTRODUCTION

In both non-excitable and excitable cells, a mechanism of agonist-
induced calcium signalling depends upon the activation of
phospholipase C to increase the intracellular level of Ins(1,4,5)
P,. Binding of Ins(1,4,5)P, to specific receptors allows calcium to
exit from intracellular Ins(1,4,5) P,-sensitive calcium stores, caus-
ing a rapid increase in the intracellular calcium concentration [1].
Prolonged responses to agonist-induced calcium signalling are
maintained by the opening of calcium-permeable plasma mem-
brane channels that enable calcium to enter from the extracellular
space. This entry is coupled to store depletion through a
‘capacitative calcium entry’ (CCE) mechanism that remains
speculative and controversial [2,3].

One approach to identify the mechanism underlying activation
of CCE is to characterize the store-operated channels (SOCs)
responsible for the calcium current. The transient receptor
potential (zrp) protein of Drosophila and its mammalian homo-
logues have been suggested to form these SOCs [4]. Molecular
cloning of the Drosophila trp (Dtrp) protein [5] and the related
trp-like protein (Dtrpl) [6] revealed structural similarities to
voltage- and second-messenger-operated ion channels [7].

The possibility that trp channels may function as SOCs is
supported by the observation that the expression of Dtrp in Sf9
insect cells induced a novel calcium-selective current upon
depletion of intracellular calcium stores by thapsigargin [8].
Similarly, the amplitude of the calcium-activated chloride
currents driven by SOCs in Xenopus oocytes was augmented by
the expression of Dtrp [9]. Additional support for #rp encoding
SOCs came from experiments where endogenous store-operated
calcium influx was inhibited by antisense oligonucleotides
directed against all six non-allelic trp genes [10].

Recent molecular characterization has revealed the existence
of multiple genes encoding mammalian #p homologues in cells

from various organisms [9-22]. Although expression studies have
suggested that at least some of the mammalian frp homologues
may function as SOCs, the hypothesis is still controversial
[13,14,16,21,23-25].

The existence of numerous isoforms and the possibility that
channels may be composed of different 7rp subunits [26], high-
lights the difficulty of trying to establish which isoforms may
function in CCE. Recently, the expression of five mammalian trp
homologues (trpl, trp3—trp6) was determined in different tissues
and cell lines, three of which were known to exhibit specific
calcium-release-activated calcium channels responsible for CCE.
It was shown that Jurkat and RBL cells have remarkably similar
calcium-release-activated calcium current, even though they
express different 7rp isoforms, suggesting that more than one rp
isoform may participate in CCE [27]. This has been confirmed by
expression studies in which both #rpl and trp4 have been
implicated in CCE, with the most pronounced activity associated
with trp4 [13,14]. Furthermore, it has been proposed that
heteromultimer formation by multiple #rp isoforms may be
necessary to elicit native CCE [26,28], although the actual
arrangement is unknown.

Xenopus oocytes have been a widely used model for CCE
studies [29-31], and have been shown to exhibit enhanced
CCE when trp proteins are heterologously introduced [9,32].
However, the identity of the endogenous oocyte CCE channels is
unknown. In the present study, we report the full-length cloning
of anovel trp homologue, Xtrp, from Xenopus laevis. The encoded
protein is most similar to mammalian trp/ proteins. In a recent
study, it was found that antisense oligonucleotides directed
against the human trp 1 protein could inhibit the endogenous CCE
in Xenopus oocytes [32]. Based on sequence similarity, the target
for the antisense oligonucleotide was most likely the Xtrp protein
described in the present study. We therefore suggest that Xzrp
underlies CCE in Xenopus oocytes. Antibodies raised against
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CAGCAGCAAGGGACACCCTGGCAGGCAGAGATCCT. TC
M A ALY QS TDS S S PNTTFTILSATLEKTD
-27 GGCGIGTCCAATGGGAGTTCTGTCATCATGGCTGCTCTTTATCAGAGCACAGACTCGTCTTCCCCARATACATTTTT CTTABAGAC

-117 GAATTCCCC TC
1

22 VREVYVKETETTTILTDERTILTFTLTLATCETZ KT GTD Y Y MV KZE KL
64 GTC CACTTTGGAT GGCTTTTCTTATTGGCCTGCGAGRAL TTACTATATGGTGARARAGCTT
52 L EEWNS S EELNTIWNSTILDILGRUSEATILITTISTIET?NEHQ
154 TTGGAAGARARCAGCTCRGARGARCTGAACATCARTTCACT! TC TGCTATC] TATCCATTGAARATGAGAAC
2 L p I L ¢ L L L NY GF QS TD&ALLVATILIDSEVUVVGAYV
244 TTGGATATCCTGCAGCTTCTTCTTAATTATGGTTTCCAGTCTACAGATGCCCTCCTTGTGGCAATTGACTCC! TGGT TGTG
112 p I L L N H ¢Q P K W T T R P S I V KL M EQTI QNG PEVY ST

v aPVILAAHKIRUNWNSYETITLTMILILZESGOT® PV SLP

424  ACCATGGATGTGGCTCCTGTTATCTTGGCTGCTCATCH TARCTACGAGATTCTTACCATGCTTCTGAAG TGTCTCTCTCC
172 K P H A V G € E C T L CTBAREKUMNEKTEKTDSTLRHSTZRTFRTILTDTI
514 ARGCCTCATGCTGTGGGCTGTGAGTGCACCCTGTGTACAGCCARGARCARRARGGACAGCTTGAGACACTCCAGGTTTCGACTCGATATC

202 Y R ¢ L A S P AL IMMLTETETDTETILRATFTETLSHATDTLZXKE
604 TATCGCTGCTTGGCCAGTCCGGCTTTAATTATGCTGACTGAGGAGGATCCAATTTTGAGAGCCTTTGAACTCAGTGCAGACTTGRARGAG
232 L § L VEVETFTRINTDYETETLH ATG QETCE KTTFA AE KT DTELTL

694 CTCAGCCTT TTTCGGARTGATTATGAAGARCTTGCTCAAAAGTGTAAGACTTTTGC TABAGACTTGCTGGCCCAGGLE
262 R N §$ R EL E VYV I L N H QS S DETPLDEKT RGLTLTETET RMDN
784  CGGAACTCTCGAGAGCTTGAAGTCATTCTARACCATCAGTCCAGTGATGAGCCTTTAGAC: TGCTT! GCATGAAC
292 L $ R L K L A I K Y N K EF VS QS NCQOQFTLHNTV®WF
874 CTGAGCCGCTTGAAACTCGCCATCAAGTACAATCAAAAGGAGTTTGTATCTCAATCTAACTGCCAGCAATTTCTGAATACTGTCTGGTTT
322 ¢ 0 M A A Y RREKEHTTCE KTEKTITLTIVTILTVGTITFUWEPE VL

964 GGC TGGCAGCGTACAGACGG: CACCTG! GATTTTGATTGTACTTACCGTTGGRATTTTTTGGCCAGTCCTCTCCATG
3%2 ¢ Y L L A P K § Q V G R I IHTZPFMEKTFTITIHOGHAERSYTFT

1054  TGCTACTTGCTAGCCCCCARATCCCARGTTGGACGTATARTTCATACCCCGTTTATGARATTTATTATACACGGAGCATCTTACTTTACT
32 F L L L L N L Y $ L V Y N EDETEKT NTHMGPATLTERI

1144 TTTCTGCTGCTTCTTAACCTATATTCTTTGGTTTACAATY T CCATGGGEGCCAGCAT TAGATTTCCTT
412 L I 1 W L I G M v W $ D V K QL W ¥ D G L EDFTLEKTE S5 QN
1234 CTTATTATATGGCT TGGTTTGGTCTGATGT AGCTATGGTATGAT T TTTTTTARAGGAATCCCAARAT

42 ¢ L S F V M N § L Y L AT FATLTEKV YV AHNTEKTFHSIATER
1324 CAGCTRAGCTTTGTCATGRATTCCTTATACTTAGCCACTTTTGCCCT GTAGTGGCTCACAACAAGTTCCATTCTATTGCAGAGAGR
472 K D W D A F H P T L V V EG L FAFGNUVY LS YL RILTFTFMN
1414 T TGCTTTCC] TCCAAL TT TTGTTTGCATTTGGCAATGTGCTCAGCTACCTCCGTCTCTTCTTC TG
502 Y T T § S I L L QI FM GQMILODTFGEKTFTILGMTFL
1504 TACACAACCAGTTCAATCCTGGGGCCACTTCAGATTTTCATGGGTCAGATGCTGCAAGACTTT TTTCTCGGCATGTTCCTGCTT
532 v L F s FTIGULTHTLYTE EZ KG GYTTTU NETGQGERTDTCTVG I
1594  GTGCTGTTCTCCTTCACCATCGGTCTGACCCACCTGTACY TACACCACCAATGARCAGAAGGACTGTGTGGGCATTTTCTGT
562 E Q R S W N T FH S F TG TOCYATLF®WYIFSILBABHVTL
1684 GAGCAGCABRAGCAACABRCACTTTCCACTCGTTCACTGGGACGTETTATGCTTTGTTCTGGTACATCTTTTCCTTGGCACATGTGACCCTC
592 F VvV T R F W F §$ E E L 0 S I V 6 A L I vV 6T YNV VV VIV
1774 TTTGTCACCAGGTTCARTTTTAGTGAAGRGCTTCAGTCAATT TATT: T: TGGTTGTTGTGATTGT
622 L T K L L VYV A M L H E S F L I ANHETDTEKTETUYZEKTFATZRSZAK
1864 CTCACCRAGCTCCTAGTAGCTATGCTTCAC, GCTTCCAACTTATAGCGARTCATGAGGACAAGGAGTGGRAGTTTGCCCGGGCCARG
652 L W L § Y F DD X CTJLZPPPFNTIYVPSPKXKTTICYTLTFN
1954 CTCTGGIT TACTTTGATGACARATGCACGCTGCCTCCACCTTTCARCATTGTTCCCTCTOCC: CTATCTGCTATCTTTTCAAC
682 § I $ K W I C S HT T 8 G R V KR QN S F K E W K § L R Q0 K
2044 AGCATARGTARATGGATCTGCTCTCATACGACTTC ARACGCCAGAACAGCTTT: T G G
72 R D E N ¥ Q K VM CCLVYVHRTYTLTS MR
2134 C T ACTACC TGTGCTGCCTTGTGCATCGCTATCTC: CCTCCATGAGACAGAAAATGCAAAGCACTGATCAGGCC
72 T VENILUNGETLCOQDTIL S KFRDNZEM®BRDILTLSGTFRTS K Y

2224 ACCGTGGARAACCTARATGAGCTCTGTCAGGATCTCTCAARATTT T T CTGCTTGGCTTTCGGACCTCCARATAT
772 A M F Y P R N
2314 GCRATGTTCTACCCGAGGAATT TGCTAGTGT ACACTCAAAGTTTCCTGGGTCTCATATCTGCTGTGCCCTARCTCTGCCTGT

2404 GTCCATATAATCTAACCCTCTAAATTAACTTGCTACATCTATTTAACCCTTTGCCACACTCCATACATTGATGACAABACCGTCATTTTT
2494  TTTCCTARAGAAAGTTAAGGRAGTTAATCATAGGCCAGTGGCTTCTGGCTATTGITATTGTTATTTCTCAGGGACATGTARAGARAGGTA
2584  ARTCTCATGGTCCCTTAGTATTGGCTRAGGATATGTCATTTTACATAAGACTAGTCATTAAAATACATTTTCCCARTTATGCAGTGTTGE
2674 ACAARATCAGAGTACTGTCAATAARI TTTTTTATTCACTTCTTGGCTTCTGCTGGACATCGTTTTTATTTCCTTGGAT cac
2764 CTCAGGTCACTTTAAGCTATCCATCARTTARTTGTAGTTTTTAATTAGAGTGAGTATCCATGTTTACTGTCAGGTGACATTTARTARACT
2854 GTGARATATGAAARARRAAAARAARARA

Figure 1 Nucleotide sequence of Xirp cDNA and amino acid sequence
alignment of Xtrp with mammalian {rp7 homologues

Xtrp nucleotide and amino acid sequence. The numbers of amino acids and nucleotides are
given on the left. Amino acids are numbered starting from the first methionine residue.

Xtrp indicate that it is expressed in various Xenopus tissues,
particularly in excitable cells. Furthermore, immunostaining of
Xenopus oocytes indicated the expression of Xtrp solely in the
plasma membrane.

EXPERIMENTAL
Preparation of cells and tissues

Oocytes were obtained from X. laevis according to a procedure
described previously [33]. Fully grown stage VI oocytes (1.2—
1.3 mm diam.) were manually defolliculated. Oocytes and tissues
dissected from X. /aevis were rinsed and disrupted in homo-
genization buffer [S0 mM Tris/HCI, pH 8.3/1 mM EDTA con-
taining protease inhibitors COmplete®™, Mini (Boehringer
Mannheim)]. The resulting homogenate was centrifuged at 500 g
at 4°C for 5min, and the supernatant was centrifuged at
25000 g for 15 min at 4 °C to pellet the microsomal fraction. The
pellet was resuspended at 5-10 mg/ml in homogenization buffer.

Isolation of a Xenopus trp cDNA

A Xenopus oocyte cDNA library in pBluescript RN3 [kindly
provided by Professor J. Gurdon (Wellcome C.R.C.,
Cambridge, U.K.)] was plated and screened using a *?P-labelled
304 bp PCR product cloned previously from Xenopus oocyte
cDNA as a probe [9]. Hybridizing colonies were purified by
successive rounds of screening. Two positive clones were obtained
and the one containing the largest insert was subjected to DNA
sequencing.
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DNA sequencing and sequence analysis

Overlapping deletions were generated by exonuclease III di-
gestion (Exo Mung Bean Deletion Kit; Stratagene) in accordance
with the manufacturer’s protocol. The cDNAs were sequenced
in both directions by the Sanger dideoxy-mediated chain-ter-
mination method [34], using Sequenase Version 2.0 (Amersham).
The sequence was assembled with the Genetics Computer Group
Sequence Analysis Software package and new sequencing primers
designed to complete any missing sequence. Database searches,
sequence alignments and analysis were also performed using
Genetics Computer Group software.

Preparation of antibodies

Synthetic peptides, EL-1, based on the sequence of amino
acid residues 557-575 (V-G-I-F-C-E-Q-Q-S-N-N-T-F-H-S-F-T-
G-T), and CT-1, based on the amino acid residues 703-720
(K-E-W-K-S-L-R-Q-K-R-D-E-N-Y-Q-K-V-M) of the Xtrp were
synthesized using the standard Fmoc (fluoren-9-ylmethoxy-
carbonyl) method on the Perceptive Biosystems synthesizer
(Microchemical Facility, Babraham Institute, Cambridge, U.K.).
The sequence of EL-1, corresponding to a putative extracellular
loop between segments 5 and 6 of Xtrp, and the sequence of CT-
1, corresponding to the intracellular region following the sixth
transmembrane segment on the C-terminus (see Figure 2 and
Figure 3) were synthesized with additional cysteine residues at
the N- and C-termini to facilitate coupling reactions. The peptides
were coupled to the purified protein derivative of tuberculin and
initially rabbits were injected intramuscularly with 1 mg of
antigen followed by a booster injection of 500 g at intervals of
3 weeks. Crude antiserum was collected 10 days after each boost.

Five different polyclonal antibodies to the X#rp sequence were
generated, and the EL-1 and CT-1 antisera used in the present
study were the most reliable. The specificity of each antiserum
was tested using several different approaches. First, immuno-
blotting confirmed that they all specifically recognized the peptide
sequences against which they were raised. Secondly, in Western
blots, the antisera intensely stained single bands of the expected
molecular mass. Finally, Western blots of Xtrp—GFP fusion
proteins were performed and it was found that anti-X#rp anti-
bodies recognized the same band as anti-GFP antibodies. From
these observations we suggest that the antibodies were highly
specific for Xtrp.

Purification of the antisera

A large-scale purification of the antisera was accomplished using
affinity chromatography as described previously [35]. Briefly,
3 ml of the crude antiserum was applied to 1 mg of the peptide
covalently bound to 2 ml of solid gel (Sulfolink matrix; Pierce
and Wariner, Chester, U.K.) and recirculated overnight at 4 °C
through the resin placed in the glass column. After washing with
0.1 M PBS, the antibodies were eluted with 100 mM glycine (pH
2.5) and neutralized with 1 M Tris/HCI (pH 8.0). The dialysate
was concentrated using a Minicon B-15 concentrator (Amicon)
and resuspended in storage buffer [0.1 PBS/0.29, (w/v) BSA].

Immunoblot analysis

Proteins were analysed by SDS/PAGE (6 9, gel) according to the
method of Laemmli [36]. The polypeptides separated in the gels
were transferred on to 0.45-yum PVDF membranes (Immobilon-
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Figure 2 Amino acid sequence alignment of {rp7 homologues

Xtrp was aligned to the published full-length sequences of Hirp7 [12], Mirp? [17], Btrp? [18] and ARtrp? (GenBank accession number AF061266) using MultiAlign [40]. Numbers of amino acids
are given at the right. Identical residues with respect to Xirp are represented by a dot (.). Dashes (—) indicate a gap. The location of peptide sequences used to raise antisera EL-1 and CT-1

are indicated in bold type and with asterisks.

P; Millipore) at 90 mA constant current for 2 h. PVDF
membranes were blocked for non-specific binding with 59,
(w/v) skimmed milk (Marvel) in PBS/0.19%, (v/v) Tween 20
(PBS-T) overnight at 4 °C, and this was followed by incubation
with the primary antibodies (EL-1 or CT-1 at 1:1000 dilution) in
PBS-T with 29, (w/v) BSA for 2 h. The membrane was washed
a further three times (5 min per wash) in PBS-T and then
incubated for 1 h at room temperature in 59, (w/v) skimmed
milk in PBS-T with the secondary antibody (horseradish per-
oxidase conjugated with anti-rabbit IgG at 1:2000 dilution;
Vector Laboratories). The membranes were then washed three
times for 5 min in PBS-T and visualized with enhanced chemi-
luminescence reagent in accordance with manufacturers’
instructions (NEN®; Life Science Products). Bound antibody
was detected using the Renaissance enhanced chemiluminescence
system and Kodak X-OMAT film.

Immunocytochemistry

Freshly isolated Xenopus oocytes were defoliculated and fixed for
4 h in methanol at —20 °C [37]. To cryoprotect oocytes before
freezing, the fixative was replaced with 309, (w/v) sucrose in
PBS (pH 7.4) at 4 °C overnight. Oocytes embedded in O.C.T.
Compound (BDH) were frozen on solid CO,, and sections were

cut using a Bright Microtome 5030 (Bright Instrument
Company). Slices 26-ym thick were mounted on electrostatically
charged microscope slides (Superfrost Plus Microscope Slides;
BDH) and left to dry in air.

For indirect immunocytochemistry, sections were incubated
for 2 hin PBS/2 9, (w/v) BSA to block the non-specific binding,
and incubated overnight at 4 °C with Xzrp antibodies (EL-1 and
CT-1). After three washings of 10 min each in PBS, sections were
incubated in PBS which contained fluorescein-labelled anti-
rabbit IgG secondary antibody (1:200; Vector Laboratories)
and 29, (w/v) BSA for 2 h at room temperature. Finally, after
three washes of 10 min with PBS, stained sections were mounted
using Vectashield mounting medium (Vector Laboratories) and
left to dry in the dark. In control experiments, the incubation
steps with primary antibodies were omitted. Immunohisto-
chemical stainings were visualized using an UltraVIEW confocal
microscope (Life Science Resources, Cambridge, U.K.) using
x 60, x20 and x4 objectives (Olympus).

RESULTS

Using a PCR-based strategy with degenerate oligonucleotides
derived from mouse brain trp, we previously demonstrated the
existence of a vertebrate trp homologue in Xenopus oocytes [9].
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Figure 3 Structural characteristics of Xtrp

(R) Hydrophobicity plot of Xérp obtained according to the Kyte—Doolittle method [41] using a
window size of 13 amino acids. The putative transmembrane segments (S1—S6) and the putative
pore loop (P) are shown. (B) Putative domain structure and topology of Xérp represented as
N-terminal, transmembrane and C-terminal domains. The degree of amino acid identity between
Xtrp and the three major domains within mammalian Mirp7 and Rirp4 is shown for each domain
at the bottom of the Figure. The putative transmembrane segments (1-6), the putative pore loop
(P) and ankyrin-like domains (A) are depicted.

To allow comparison with other #rps, we sought to obtain a full-
length Xzrp cDNA using library screening (see the Experimental
section). The 2998 nt sequence of the cloned X#rp cDNA
contained a single open reading frame of 2334 bp encoding a
protein of 778 amino acids (Figure 1) with a molecular mass of
90 kDa.

Sequence alignment of Xtrp with known full-length mam-
malian #rp sequences show that this newly-isolated vertebrate trp
protein most closely resembled trpl isoforms (Figure 2). The
amino acid sequence of Xtrp was 82 9%, identical (88 9%, similar)
with mouse trp! (Mtrpl) and human trpl (Htrpl), 81 9%, identical
(87 9% similar) with bovine trpl (Btrpl) and 78 %, identical (84 9,
similar) with rat trpl (Rtrpl). When compared with other
mammalian #rp isoforms, the identities were much lower, the
highest was 449, for rat trp4 (results not shown). At the
nucleotide level, Xtrp was 789, identical with Mtrpl, 77%,
identical with Htrpl and 76 %, identical with Btrpl. The degree
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Figure 4 Western-blot analysis of Xirp protein in Xenopus oocytes and
Xenopus tissues

Microsomal preparations from oocytes (100 g of protein), heart, liver and brain (gach 30 zg
of protein) were subjected to SDS/PAGE (see the Experimental section). The subsequent
immunoblots were probed with CT-1 antisera at dilution 1:1000. The data shown are
representative of three analyses of two independent tissue preparations.

of amino acid sequence identity varied considerably within the
different structural domains. A putative cytoplasmic region in
the C-terminal domain (residues 631-778) was most conserved
with 909, of residues being identical with mammalian trpl
family members. The identity between X7rp and mammalian trpl
in the putative transmembrane segment (residues 336—630) was
78 9% Finally, the N-terminal domain (residues 1-335) was 85 %
identical with the N-termini of the mammalian trp/ proteins.

Hydrophobicity analysis indicated the presence of eight hydro-
phobic regions, and hydrophilic N- and C-termini (Figure 3),
similar to that predicted for other #rp homologues [5,10—
12,14-16,20,21]. It is likely that not all eight of the hydrophobic
regions were membrane spanning, since the third and seventh
putative regions were not sufficiently hydrophobic. Therefore, in
accordance with the model proposed by Birnbaumer et al. [26],
and by analogy to voltage-operated channels, Xtrp is likely to be
a six-transmembrane spanning protein (segments S1-S6 in Figure
3A), with a putative pore region (P in Figures 3A and 3B). Long
cytoplasmic domains at the N- and C-termini flanked the
hydrophobic core that makes up the channel. The N-terminal
region also contained three ankyrin-like motifs (denoted ‘A’ in
Figure 3B).

Antipeptide antibodies generated against two regions of the
Xtrp sequence (regions marked with bold type in Figure 2), were
used for Western blot analysis of Xenopus brain, liver, heart and
oocyte preparations. Intensely staining bands, with an approx.
molecular mass of 80 kDa, were observed in heart and brain
tissue with both EL-1 and CT-1 antibodies. A lower level of
staining was observed in oocytes and a much fainter band was
detected in liver (Figure 4). Both EL-1 and CT-1 antisera
recognized the same 80kDa protein in Xenopus protein
preparations. The protein detected by EL-1 and CT-1 was
~ 10 kDa smaller than the predicted mass for the Xtrp based
upon sequence data (see above). However, a similar observation
was reported for the expression of #rpCl in Sf9 cells, where
recombinant FLAG-TrpC1 also ran at a lower molecular mass
than expected upon SDS/PAGE [25], possibly due to post-
translation processing.

To determine the sub-cellular localization of Xtrp, immuno-
cytochemistry was performed on Xenopus oocyte sections.
Sections stained with both CT-1 and EL-1 antibodies displayed
intense immunofluorescence at the plasma membrane (Figures
5A-5F). No significant staining above background was seen in
the rest of the cell, except for a faint signal around the nuclear
membrane (Figure 5A), which was also detectable in controls
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Figure 5 Immunofluorescent staining of Xirp protein in Xenopus oocyte cryosections and Hela cells

(A) Immunofluorescent labelling of an oocyte using CT-1 antibody (1:25 dilution). The animal (a) and vegetal (v) poles and the nucleus (n) are indicated. (B) Control oocyte stained in the absence
of primary antibody. (C) Partial three-dimensional reconstruction of immunofluorescence from a CT-1-stained oocyte membrane (1:50 dilution) (image rendered using VolumeWIZARD software;
Life Science Resources). (D) Higher magnification of CT-1 immunofluorescence. The areas of membrane bounded by the boxes have been expanded 5-fold to show the punctate distribution of
CT-1 staining. (E) and (F) Examples of immunofluorescent labelling of Xenopus sections using the EL-1 antibody (1:25 dilution). A similar, although more diffuse, immunofluorescence was detected
in CT-1-stained Hela cells (G) (1:200 antibody dilution). (H) Background staining of Hela cells (secondary antibody only).

© 1999 Biochemical Society
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(Figure 5B). At low magnification, a consistent staining was
observed all over the plasma membrane, as illustrated in the
volume-rendered image in Figure 5(C). At higher magnifications,
and using a greater dilution of the antibodies, the plasma
membrane staining could be deconvolved into an irregular spot-
like pattern (Figure 5D), consistent with a punctate localization
of Xtrp. The intensity of immunofluorescence showed no
significant difference between the animal and vegetal poles of the
oocytes (Figure 5SA). Comparable staining was obtained using
CT-1 (Figures SA-5D) and EL-1 (Figures SE and 5F) antibodies.

Based on sequence similarities, the CT-1 and EL-1 antibodies
should be specific for rpl homologues. This was supported by
Western-blot analysis of various mammalian tissues, including
HeLa cells and rat atrial and ventricular myocytes, which revealed
that these antibodies identified single protein bands (results not
shown). Furthermore, immunocytochemical staining of HeLa
cells using the CT-1 antibody demonstrated immunoreactivity
localized to the plasma membrane (Figure 5G, cf. Figure SH),
similar to that seen in Xenopus oocytes. However, the pattern of
immunoreactivity in HeLa cells was more diffuse than in Xenopus
oocytes, with some staining also detectable inside the cells (Figure
5G).

DISCUSSION

In the present study, we describe the full-length cloning, mol-
ecular characterization and cellular distribution of a novel #rp
protein, Xtrp, from Xenopus. This protein has essentially the
same structure as mammalian ¢rp homologues, with a hydro-
phobic core and at least six putative transmembrane segments
flanked by cytosolic N- and C-terminal domains (Figures 1-3).
Xtrp is most likely a homologue of the mammalian #rp! proteins,
since sequence comparison reveals significant similarities to Htrp 1
[12], Mtrpl [17] and Btrpl [18] (Figure 2).

In a recent study of calcium entry in Xenopus oocytes, the
endogenous CCE current was inhibited in a concentration-
dependent manner by antisense oligonucleotides directed against
trpl proteins [32]. The antisense oligonucleotide used in the study
of Tomita et al. [32] was designed using known mammalian trpl
sequences. On the basis of the nucleotide sequence of Xtrp
(Figure 1), it is likely that the target of the antisense was the Xtrp
protein described in this study (709, sequence identity at nt
110-140 of the X#rp sequence). The fact that the antisense
oligonucleotide used by Tomita et al. [32] did not exactly match
the Xtrp sequence may account for the incomplete inhibition of
CCE in their study.

It appears, therefore, that X7rp may function as an SOC in
Xenopus oocytes. In support of this, we found that Xtrp was
exclusively localized at the plasma membrane in Xenopus oocytes
(Figure 5). The punctate expression pattern of Xtrp was
surprising, and suggests that the protein exists in discrete clusters
at the plasma membrane. Interestingly, no significant differences
in Xtrp expression were observed between the vegetal and animal
hemispheres of the oocytes. These observations are remarkable,
since it is known that the endoplasmatic reticulum and
phosphatidylinositol second-messenger system is more abundant
in the animal pole [38,39].

One puzzling feature of #rp proteins is that they appear to be
more abundant in excitable tissues than in non-excitable cells. To
date, such observations have been made using Northern-blot
analysis (e.g. [11,12]). However, our Western-blot analysis of
Xenopus tissues also confirms this result at the protein level
(Figure 4). The relatively low expression of ¢rp proteins in non-
excitable tissues such as hepatocytes (Figure 4) [27] is paradoxical
since these cells have a pronounced CCE mechanism.

© 1999 Biochemical Society

The role of trp in store-regulated calcium entry is controversial.
Experiments using antisense oligonucleotides or heterologous
expression, to diminish or enhance trp expression respectively,
have so far provided the most significant evidence for trp
homologues forming SOCs. In the present study, we dem-
onstrated that Xenopus oocytes, which have been widely used as
a model for CCE, also express a trp homologue. The localization
of Xtrp to the plasma membrane, and the fact that it was the
likely target for a CCE-inhibiting antisense oligonucleotide [32],
support the idea that Xzrp plays a role in calcium entry in
Xenopus oocytes.
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