HELMINTHOLOGIA, 41, 1: 15— 19, 2004
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Summary

In this study, a novel tetraspanin-like gene product (Sj04/
TM4) was identified. An EST named JAYNOO4.GYL (Gen
Bank accession number AW231251) matched the §25 ge-
ne of Schistosoma japonicum with 97 % (539/554) identi-
ty. The longest cDNA insert (1079 bp) was obtained from
the recombinant clone JAYNOO4.GY by PCR. Sequence
analysis showed that it contains a complete open reading
frame (ORF) coding for a protein of 224 amino acids with
a predicted molecular mass of 25,622.58 Daton. Align-
ment analysis with the entire ORF revealed that it had 93.3
% identity in 224 aa overlap % identity to §25/TM from S
japonicum. It aso exhibited 31.4 % in 220 aa overlap and
21.1 % in 209 aa overlap, respectively to tetraspanin
TE736 from S japonicum and Sm23 antigen from S. man-
soni, whose are belong to the members of tetraspanins.
Anaysis of amino acid sequence showed that this gene
product contains all the conserved subdomains found in
other members of tetraspanin superfamily. Hydropathy
analysis of the deduced amino acid sequence reveadled &
profile very similar to those of other tetraspanins contain-
ing 4 transmembrane domains. Taken together, S04/TM4
is a novel gene encoding tetraspanin-like protein, or be-
longs to a subtype of §25/TM4 tetraspanin superfamily.
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Introduction

Tetraspanins, or the transmembrane 4 superfamily (TM4
SF), are a group of hydrophobic proteins with four tran-
smembrane domains and two extracellular (EC) loops,
both with conserved residues. Some tetraspanins are cell
specific and others are very ubiquitous. Tetraspanins inte-
ract with very different types of proteins such as integrins,
membrane receptors, as well as intracellular sgnaling mo-

lecules. Genetic evidence points to critical roles for tetra
spanins on fertilization, adhesion and invasion, cel activa-
tion, proliferation, differentiation, motility, and signal
transduction (Yunta et al., 2003). Tetraspanin proteins are
characterized by containing four transmembrane D-helices,
which have severa hydrophilic redidues, and two EC
(Hemler et al., 2001). Tetraspanins are abundantly expres-
sed transmembrane proteins (25 — 50 kDa), with at least 3C
digtinct family members in mammals, 37 membersin Dro-
sophila and 20 in Caenorhabditis elegans (Maecker et al.,
1997; Stipp et al., 2003). In 1997, the first member of
TMA4SF from S. mansoni, termed Sm23 was reported by
Wright and his colleagues (Wright et al., 1990; Lee et al.,
1995). Some others such as §25/TM4 (Fan et al., 1997),
TE736 (Fan et al., 1998a) and SmTSP-1 (Smyth et al.,
2003) were isolated from S. japonicum and S mansoni.
The members of the tetraspanin superfamily have been
conserved during evolution after diverging from a common
ancestral gene. Some TMA4SF, including human CD81,
CD82, CD9 and CD63 are expressed in virtualy al tis
sues, whereas the expression of others such as human
CD37 and CD53 are highly restricted in B cdls and lymp-
hoid/myeloid cells, respectively.

In the present study, we report the cloning, sequencing,
and characterization of a cDNA clone (JAYNOO4.GYL)
encoding a novel TM4SF from S japonicum, designatec
S04/TM4. §04/TM4 isa 25,622.58 Dalton surface protein
composed of four transmembrane and two extracellular
domains and an overall topology shared by the superfamily
of proteins known as tetraspanins, or the TM4SF.

Materials and Methods

Schistosome cDNA library
The adult worms of S. japonicum (central China isolate)
were perfused and collected from the mesenteries of expe-
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rimentally infected rabhits. Double-stranded cDNA synthe-
sized with the mRNA isolated from adult worms, was in-
serted into the bacteriophage O gt11 Sfi-Not arms between
EcoR | and Nat | sites of the LacZ gene. The cDNA library
was contructed by Chen et al. (1997) a Nanjing Medical
University, Nanjing, Jiangsu.

| dentification of expressed sequence tags

Clones from the cDNA library were randomly selected anc
used in single pass automated DNA sequencing to produce
expressad sequence togs (ESTS) as described (Wu et al.,
2000; Bian et al., 2002). Identification of ESTs obtainec
from one cDNA strand was performed by comparison witk
all DNA and protein sequences deposited in the EMBL-
parasites database (http://www?2.ebi.ac.uk/blast?/parasites.
html) by using Basic local alignment Search tool (BLAST
n) program. Sequences that did not match sequencesin the
nucleotide database were further analyzed by searching for
similarities at protein level by using BLASTx or at the
nucleotide level by using BLASTn on the BLAST network
service at NCBI (http://www.ncbi.nim.nih.gov/blast). Se-
guence in which the alignments scored 200 or more for
BLASTnN and 100 or more for BLASTx were selected for
further analysis, and the alignments were assigned a puta-
tive identification (Fan et al., 1998b).

Cloning and analysis of full-length cDNA

According to the homology analysis, the interesting EST«
were selected to clone the full-length cDNA. Among them,
one EST named JAYNO0O4.GYL matched the §25 gene of
S japonicum. The cDNA insert of the clone JAY N0O04.GY
was obtained by PCR. The primers were designed based on
the sequence of the bacteriophage O gt11 and were as fol-
lows:

Forward primer

5 -GGTGGCGACGACTCCTGGAGCCCG

Reverse primer

5-TTGACACCAGGCCAACTGGTAATG

The cDNA sequence was subcloned into pGEX-4T-1 vec-
tor and sequenced as described before. Sequence and motif
analysis including functional sites and motifs on target pro-
teins were located using Proteomics tools such as Prot-
Scan, InterProScan and ScanProsite etc at http://www.
expasy.org/tools/.

Results and Discussion

A new gene encoding tetraspanin from schistosomes

During our analysis of 531 ESTs from S japonicum, we
observed that an EST named JAYNOO4A.GYL (GenBank
accession nos. AW231251) matched the §j25 gene of S. ja-
ponicum (EMBL accession nos.U77941), the identities was
97 % (539/554). The complete cDNA insert of the clone
(JAYNOO4.GY) is 1079bp long. The cDNA was trandatec
into six possible frames, and the length of the longest open
reading frame (ORF) was 675 bp, encoding a predicted
224-aa (amino acids, aa) protein. The deduced polypeptide
had a predicated molecular mass 25622.58 Dalton and a
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theoretical isoelectric point of 8.92.

During the analysis of 531 ESTs from S japonicum, were
found that one EST clone named JAYNOO4.GYL (Gen-
bank accession number AW231251) matched the §25 ge-
ne of S. japonicum (EMBL accession U77941) with an i-
dentity of 97 % (539/554). The complete cDNA insert of
the clone (JAYNOO4.GY) is 1079bp long. The cDNA was
trandated into six possible frames, and the length of the
longest ORF was 675bp, coding for a protein of 224 aminc
acids with a predicted molecular mass of 25 622.58 Daltor
and atheoretical isoelectric point of 8.92.

Alignment analysis using the 224aa of the entire ORF re-
vedled a highly significant similarity with §25/TM4 (Gen-
bank accession nos. P91799), which identity between the
sequence of JAYNOO4.GY and §25/TM4 is 93.3 % in 224
aa overlap (209/224). Alignment analysis also revealed
lower similarity with other members of the tetraspanin fa-
mily including tetraspanin TE736 (Genbank accession nos.
AAC69992) from S japonicum and Sm23 antigen (Gen-
bank accession nos. P27591) from S mansoni, the identity
is31.4 % in 220 aa overlap and 21.1 % in 209 aa overlap,
respectively. These results suggested that the clone JAYN
004.GY encodes a nove tetraspanin-like S§j25/TM4 pro-
tein, designated Sj04/TM4.

Transmembrane domains and other functional Stes of
S04/T™M4

S04/TM4 consists of four hydrophobic, putative trans
membrane regions, consistent with the characteristics of
the tetraspanin superfamily. The positions of the four trans-
membrane domains (TM1-4), characteristic of tetraspanins
are at aal3 — 35, aab3 — 75, aa82 — 104, and aal86 — 208,
respectively. Three of the transmembrane domains (TM1-
3) are clustered at the NH, —terminus, followed by a single
hydrophilic domain, with the fourth hydrophobic domain
(TM4) located at the COOH-terminus (Fig. 3).

Five potential functional sites are present in Fig. 1 as fol-
lows: they are N-glycosylation site, Protein kinase C phos-
phorylation site (SsK, TcR, SeK), Casein kinase Il phos
phorylation site (TiiD), Tyrosine kinase phosphorylation
site (RyyvDiliY), N-myristoylation site (GvrpSl, GLmk-
GG, GQVIND). These motifs are present in other members
of tetraspaninin superfamily such as TE736 from S. japoni-
cum (Fan et al., 1998).

Hydrophaobic and hydrophilic profile of §04/TM4

The analysis of hydrophobic and hydrophilic regions of the
predicted amino acid sequence of S04/TM4 exhibited the
four hydrophobic domains, which are in the same positions
as TM1, TM2, TM3 and TM4, respectively. The plot
shows the four potential transmembrane domains TM1
through TM4 are hydrophobic domains. The large extra-
celular loop of the tetraspanins, which locates between
TM3 and TM4, exhibits a hydrophilic domain (Figs. 3,4).
Most of the variable amino acids, comparing §04/TM4
and §25/TM4, are also present in the extracellular domain
(Fig. 2). The characteristic region is probably involved in
antigenic epitopes and polymorphism of §25-like tetra-



1 atacaatcatcaacagaacttgagatcaatttattaaagataATGAAATTGTCATTTACG 60

1 M K L § F T 6
61 AAAGTATCCTTGACCAATATATTGATTCTATTCAATTGTTTATTTATTATATTCAGTATG 120
7 KV S L TN NTIULTITULTFWNTZGCTLTFTITITF S M 26
121 ATTGTTTTAACCTTTGGAGTTATTCCACAGATATATTTACTAAAATTTGCTAACATTCTA 180
27 1 VL T F G V I P @ I ¥ L L K F A N IL 46
181 CATGGTGTTAGACCATCCATCTTTCCAATAGTTTGT TTTACTGGTAGTTTTGTTATCATA 240
47 H|[G V R P 8§ I|F P I V C F T G § F V I I 66
241 GTTGCATGTGTTGGAATAATTGGATTGATGAAAGGCGGGAARATGTCTTCTCACTATGCAT 300
67 vV A C V 6 I I[G LL M K G GJ]K ¢ L L T M H B6

301 TTTATCGCTTTAATCATTGCAACAATTATAGACATTTCAACGGCGACATTATCAGCTATC 360

87 F I A L I I A|T I I D|IT 8§ T A T L § A I 106
361 AAACAAAATGAGTTTTTAACGAAAGCTGGACAGGTTTTAAATGATTCATCAAAACTTTAC 420

107 K ¢ N E F L T K A|G Q0 V L N D||s s K| L ¥ 126
421 TATAAAAACCGTCTATATGAAACAGAATTCAATTTGATGCATATCACTTTCGAATGTTGC 480

127 Y K N R L Y ET E F NL M HITTFETCSC 146
481 AATGCAGAATATGAATCCTCTTTATACGGAACAAATCATTTAGTACCAGAATCATGCACT 540
147 N A E Y E S S L Y G T N HL V PESTCT 166
541 CATGGAATCGAATTCTACAAACAGCGATGCAATGTACCATTAAATAAATATGTACGATAT 600
167 # 6 I E F Y K 0 R C N V P L N K Y V R_Y 186
601 TATGTTGACATATTAATATATCTGTGCTTTATATTTGGATTTATTAAACTCATCTACTCA 660
187 Y VD I L I YL ¢ F I F G F I KL TI Y § 206
661 TTGTTTACATTTACACAACGACAACGAATATTCAGTGAGAARACCCCTGTTGCATAACAC 720
200 L F T F Q R I F vV A 225

721 aagtttctcagtataaaaacaaatacacaaacaacaaataatgaaactatcataaacgtt 780
781 acggttaattactttaaatcatataaatattgattagtatccatgactagatgcecattta B840
841 cattcattgataacaataatgtttatgtattattagtcattatgtaactttgtttttgea 900
901 ctacaaaattgttaccaatgtgataattattgattatatttgaaagatattcaaaaaaaa 960
961 aaaaagcggccgctcaatteccagetgagegecggtcogotaccattaccagttggtotggt 1020
1021 gtcaaaatctctagaggatccccgggtaccgagetcgaattogtaatcatggteatagg 1079

Fig. 1. Nucleotide and deduced amino acid sequence of cDNA done JAYNOO4 (GCG Program). Predicted start and stop codons are in
bold. Putative functional stes are indicated by underlining/italics and box: N-glycosylation site (aal20 — 123), Protein kinase C
phosphorylation site(aal22 — 124 SsK, aa211 — 213 TcR, aa 218 — 220 SeK), Casein kinase Il phosphorylation site(aa94 — 97 TiiD),
Tyrosine kinase phosphorylation site(aal85 — 193 RyyvDiliY), N-myristoylation site (aa48 — 53 GvrpSl, aa74 — 79 GLmkGG,
aall6 — 121 GOvIND)

TMI
Sjﬂé/THé 1l -MELSFTKVSLTNILILFNCLFIIFSMIVLTFGVIPQIYLLKFANILHGV
Sj25/TH§ 1 -MKLSFTEVSLTNILILFNCLFIIFSMIVLTFGVIPQIYLLKFANILHGV
TE763 1 -MELTLSQQFWTEKLFFLLNSLFGIFGIVLLAFGIKGYDILVKFNIILQGT
sj23 1

MATLGTGMRCLK?&;FILHIICLLCSLVLIGBGAYVEVKE&?YBANLHKV

Sj04/TM4 50 RPSIFPIVCFTGSFVIIVACVGIIGLMKGGKCLLTMHFIALIIATIIDIS
sj25/TM4 50 RPSIFPIVCFTGSFVIIVACVGIIGLMKGGKCLLTMHIIALIIATIIDIS
TE763 50 IPVIFPITIFLGCFLLLSTLIGFIGLWKPEKQFIVIMHIAIVFIAVLGEIC
sj23 51 WQAAPIAIIVVGVVILIVSFLGCCGAIKENVCMLYMYAFFLIVLLIAELV

Sj04/TM4 100 TATLSAIKQNEFLTKAGQVLNDSSKLYYKNRLYETEFNLMHITFECCNAE
5j25/TM4 100 TATLSAIKQNEFLTKAGQVLNDSSKLYYKNRLYATEFDLMHITFEKCCNVK

TE763 100 IASITISSIDQFHSTVNSSLLQAVEGYYSDKLYEEQMDRLQSRYMCCGAT
sj23 101 ARIVAVVYKDKIDDEINTLMTGALE--NPNEEITATHDKIQT%&PCGGVK

Sj04/TM4 150 YESSLYGTNHLVPESCTHGIEFYKQRCNVPLNKYVRYYVDILIYLCFIFG
5j25/TM4 150 NDYSLLGTLHLIPESCTHGIEFYKQQCNEPLNEYVRYYIDILIYLCFIFG
TE763 150 SYRDYDEAHSIPPFSCLTGYLVYSRGCAEAINSHLQRYVVALISLCYVFA
sj23 149 GPDDYKGN---VPASCKEGQEVYVQGCLSVFSAFLKRNLIIVACVAFGVC

5§04 /TM4 200 FIKLIYSLFTFTQRQRIFSEKTPVA
Sj25/TM4 200 FIKLIYSLFTFTQRQRIFSEKTPVA
TE763 200 FIKIIYVFISMILLKRFYFMKNSLI
sj23 196 FFQLLSIVIACCLGQRIHDYQNV--

Fig 2. ClustaW (Thompson et al., 1994) alignment of tetraspanin protein amino acid sequences from S. japonicum (Sj04/TM4,
AW231251; S§25/TM4, P91799; TE736, AAC69992; and Sj23, P27591). Completely conserved residues are shown in green,
identical residues in yellow, similar residues in cyan, and different residues in white. Amino acid residues absent from other
sequences are denoted by dashes. There are 15 variable amino acids from aa87 to aal88 comprising both sequences (aa87 FoOl,
aal33 EOA, aal37 NoD, aal44 EOK, aal48 AoV, aald9 EoK, aal50 YON, aal51 EoD, aal52 SoY, aal55 YoL, aal58
NoL. aal6l Vol.aal75 ROO0. aal78 VOE. aal88 Vol). TM1-4 areindicated bv solid lines above the alianment
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Fig. 3. Analyss of the amino acid sequence of Sj04/TM4 usng TMHMM program (http://www.expasy.org/tools/), predicating four-
transmembrane hydrophobic domains. Shaded bars indicate the positions of transmembrane domains

spanin family. Sincethe §23, ahomolog of §25, isan im-
portant target for a vaccine against schistosomosis, it i<
suggested that Sj04/TM is a new potential target for future
research.

Conclusions

The full-length cDNA encoding a member of tetraspanin
superfamily termed §04/TM4 was isolated and cloned by
Expressed Sequence Tags strategy. Based on the closed
identity between §04/TM4 and §25/TM4, as well as other
tetraspanins, we suggest that Sj04/TM4 is a novel tetra-
spanin-like protein, or a subtype of §25/TM4 tetraspanin
superfamily. Therefore, there are at least four distinct tetra-
spaninsin S japonicum, §23, 525, TE736 and S04/TM4
characterized so far. The expression of recombinant 504/
TM4 and itsimmunogenisity are under investigation.

Fig. 4. The analysis of hydrophobic and hydrophilic regions of the
predicted amino acid sequence of Sj04/TM4. Hydrophobic residues
are positive. The plot was obtained using the ProtScal e program

(http://www.expasy.org/tool §/)
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