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The integrin a7 subunit associates with the integrin
The integrin a7b1 laminin receptor, which is ex- b1 subunit, forming the a7b1 laminin receptor ex-

pressed on replicating myoblasts, and upregulated dur- pressed on replicating myoblasts [1]. It may induce
ing myogenic differentiation, is involved in cell adhe- changes in the shape and mobility of myoblasts, andsion and communication between muscle cells and the facilitate their localisation at the laminin-rich sites ofextracellular matrix. It is a major cell-surface substrate

secondary fiber formation [2-6]. With myoblast termi-in skeletal muscle cells for the cell-surface, arginine-
nal differentiation there is a stable increase in the ex-specific, ADP-ribosyltransferase. Both the extracellular
pression of a7 prior to cell fusion. a7 localizes betweenand cytoplasmic domains of the mouse a7 subunit un-
adult fibers and the surrounding matrix [7], and atdergo alternative splicing during development, gener-
myotendinous junctions which stabilize the muscle [6].ating differentially expressed variants with presum-

The integrin a7 subunit is highly similar to the a3ably unique ligand-binding and signalling properties.
and a6 subunits, forming a subgroup of integrinsHere human cDNA clones isolated from a fetal heart
which bind the E8 fragment of laminin [8, 9]. Memberslgt10 cDNA library encoded the complete sequence of
of this subgroup contain an array of variant forms withthe a7 subunit and hybridised to a single major 4.4 kb
alternative extracellular and intracellular domains.a7 subunit transcript abundantly expressed in human

skeletal muscle, moderately expressed in heart, and There are two different extracellular domain isoforms
weakly expressed in most other tissues. One clone out of mouse a7, designated X1 and X2, which are derived
of four contained a novel 225-nucleotide in-frame dele- from the mutually exclusive alternative splicing of the
tion corresponding to 75 amino acids in the C-terminal region between the III and IV homology repeat do-
region of the extracellular domain. The variant, whose mains near the putative ligand-binding site [10]. The
expression appears to be tissue-specific, is created by isoforms are present in equal amounts in mouse skele-
alternative splicing at sites flanking an intron in the tal myoblasts and adult heart, but only the X2 variant
a7 gene. A related mouse form was identified in P19 is expressed in mature skeletal muscle. The mouse
embryonal carcinoma cells. Deletion of the spliced re- a7 cytoplasmic domain is also alternatively spliced,
gion, which either contains or is in very close proximity giving rise to A and B variants that are similar to
to the major ADP-ribosylation site of the a7 subunit, corresponding a3 and a6 variants [10, 11]. The a7 B
may serve to modulate the effects of ADP-ribosylation, mRNA was detected in all tissues and cell types tested,or alternatively molecular associations, and receptor-

whereas the a7 A variant was exclusively detectableligand affinity. q 1998 Academic Press
in skeletal muscle, and following the differentiation of
myoblast cells. The rat also has A, B, and C variants,
where the A and C variants are induced upon terminal
myogenic differentiation, and in contrast the expres-1 Sequence data from this article have been deposited with the
sion of the B form diminishes upon differentiation [6].GenBank Database under Accession No. AF032108.

2 Current address: Institute of Molecular and Cell Biology, 15 Another potential mechanism for modulating a7 inte-
Lower Kent Ridge Road, Singapore 119078. grin-mediated signalling pathways involves ADP-ribo-
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phosphatidylinositol-anchored, arginine-specific ADP-Abbreviations: DMSO, dimethysulfoxide; EST, expressed sequence

tag; PCR, polymerase chain reaction. ribosyltransferase [12]. This enzyme can modify at
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least two sites in the extracellular domain of the inte- Genomic Research [16, 17], identified a human integrin
a7 subunit cDNA clone HOEA062 from a human osteo-grin a7 subunit in skeletal myotubes.

To date, preliminary sequence analysis of fragments blast cDNA library (Fig. 1A). The HOEA062 clone was
sequenced on both strands, and alignment with theof human a7 cDNA has detected only the X2 extracellu-

lar, and B intracellular domain variants [6, 10]. Here mouse and rat sequences revealed it encoded the C-
terminal half of the protein. In order to isolate the miss-we report the complete sequence for human a7, and the

identification of a novel extracellular domain variant ing 5*-half, a lgt10 cDNA library prepared from fetal
heart was screened with a 600 bp 5*-fragment of clonelacking a region either containing or in very close prox-

imity to the major ADP-ribosylation site. HOEA062, and more than 60 positive clones identified.
The longest clone, FH7.5, from a screen of sixteen posi-
tives was near full-length, but was missing sequenceMATERIALS AND METHODS
encoding the first 70 amino acid residues. Surprisingly

Screening of cDNA library and sequencing. A human fetal heart this clone encoded a novel variant form containing a
5*-stretch lgt10 cDNA library was screened with the 5* 600 bp EcoRI/

225-nucleotide in-frame deletion corresponding to 75EcoR I fragment (nucleotide positions 1322 to 1886) of the cDNA
amino acids in the C-terminal region of the extracellularinsert of the clone HOEA062, and subsequently with a 240 bp PCR-

generated extreme 5*-fragment of clone FH5 by using standard pro- domain. This same region was included in a conven-
cedures. The latter probe was isolated by using the M13 forward tional form of the a7 subunit, represented by clone
primer, and the anti-sense primer a7-720L (5*-CTTCCATTCCCC- FH7.6. The 5*-end of human a7 was isolated by first
ACCATCCAACTC-3 *, nucleotide positions 424 to 447). DNA se-

rescreening the fetal heart library with a 240 bp extremequences were determined by cycle sequencing using an Applied Bio-
5* fragment of FH7.5, and then performing 5* anchorsystems 373A automated DNA sequenator (The Centre for Gene

Technology, School of Biological Sciences, University of Auckland, PCR with l forward and reverse primers, and an anti-
Auckland, New Zealand). The a7 subunit sequence was obtained on sense a7-specific primer, on all positive clones. By this
both strands using a combination of universal M13 primers, and approach clone FH7.4 was identified, which encoded thesequence-specific primers.

N-terminus, and 161 bp of 5*-untranslated sequence.
Northern analysis. MTN filters (Clontech) were screened with

the 32P-labelled 600 bp EcoRI/EcoR I fragment of the insert of clone
HOEA062. The conditions of hybridization were 1% SDS, 2 1 SSC Structure of the Human a7 Subunit
(2 1 SSC is 0.3 M NaCl, 30 mM sodium citrate, pH 7), 10% (w/v)
dextran sulphate, 100 mg/ml denatured salmon sperm DNA, and 50% The nucleotide and deduced amino acid sequence of
(v/v) deionized formamide at 427C. Filters were washed twice in 0.1 the complete a7 subunit derived from the composite
1 SSC, 0.1% SDS at 507C for 30 min, and autoradiographed. cDNA is shown in Fig. 1B. The 4061 bp sequence has

PCR amplification. Clones isolated from the fetal heart cDNA one open reading frame extending from nucleotide posi-
library were screened by PCR to identify 5* sequences, by using the

tion -101 to a termination codon TAG at nucleotideprimer a7-720L and the lgt10 forward and reverse primers. DNA
position 3313. There are 489 bp of 3 *-untranslated se-extracted from human cDNA libraries, and reverse-transcribed hu-

man small intestine and fetal heart mRNAs (Clontech) were sub- quence containing a ATTAAA polyadenylation signal
jected to 30 cycles of PCR amplification to identify alternative splice site, followed 15 bases further by a poly(A) stretch. The
variants, with each cycle composed of a denaturation step at 957C predicted molecular weight of an unglycosylated formfor 30 secs, annealing at 607C for 60 secs, and extension at 727C for

of the mature protein is 121 kDa. The presumptive60 secs. The PCR reaction included 50 pmol of each of the primers
translational start codon at nucleotide position -101 isa7-1820U (nucleotide positions 1536-1559; 5*-CCTGAGCCGTAA-

CCTGGAAGAACC-3 *), and a7-91r2 (nucleotide positions 2296-2332; unusual like the mouse a7 sequence in being flanked
5*-CAGCTCAATGAAGACACGGGC-3 *); 200 mM deoxytriphosphate by sequence that does not resemble a classical Kozak
(Boehringer Mannheim, Mannheim, Germany), and 2.5 units of Taq consensus, PurNNAUGPur [18]. As mentioned pre-DNA polymerase (Boehringer Mannheim). PCR amplification was

viously [10] the unusual context of such start codonsalso carried out using cDNA prepared from total RNA isolated [13]
is rare, and may play a role in modulating protein pro-from the mouse embryonal carcinoma cell line P19 [14] (from Ameri-

can Type Culture Collection) as above, but using the mouse a7-spe- duction [19]. It is followed by a predominantly hy-
cific primers ma7-S (nucleotide positions 2008-2026; 5*-CCCACT- drophobic signal peptide stretch of 33 amino acids, a
GTGGCTCCCATCC-3 *) and ma7-R (nucleotide positions 2390-2409; predominantly hydrophilic extracellular domain of5*-ATGAGAGGCGCTGTCATTGG-3 *), which span a region corre-

1004 amino acids, a 23-amino acid transmembrane do-sponding to the deleted human a7 sequence. P19 cells, cultured in
alpha-MEM, 10 % FCS, and additives, had been differentiated with main, and a cytoplasmic domain of 77 amino acid resi-
either 1% DMSO, or 1 nM retinoic acid for 5 days, followed by a dues. There are multiple potential dibasic cleavage
further 5 days in the absence of differentiating agent. sites RK, RR, RR, KR, RRRRE, KKK (positions 265,

501, 570, 722, 878, 909 respectively) in the extracellu-
RESULTS lar domain; five potential N-linked glycosylation sites

(positions 53, 709, 912, 948, 968); three potential cal-Cloning of Human a7 cDNA and Identification cium binding sites which conform to the consensus
of a Novel Splice Variant DXD/NXD/NGXXD; and an LDV sequence (position

871) (Fig. 1B). Inspection of the sequences of clonesA homology search [15] of the human EST database
of Human Genome Sciences Inc. and The Institute for encoding repeat domains III and IV revealed that the
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FIG. 1. Nucleotide and deduced amino acid sequence of the human a7 subunit. (A) Schematic representation of the a7 cDNA clones.
The relative positions of the a7 cDNA clones are depicted against a composite diagram of the full-length a7 cDNA. The open boxed region
denotes the coding sequence, and the thin lines represent either regions that are spliced in/out, or 3* and 5*-untranslated regions. Intronic
regions are marked by shaded lines above the cDNA, where a dashed line indicates that the intron has not been completely sequenced.
Arrows refer to the positions of PCR primers. The 5*-end of the clone HOEA62 contained sequence (shaded) unrelated to an integrin. (B)
Nucleotide and deduced amino acid sequences of the a7 subunit. The numbers in the left margin refer to nucleotide and amino acid positions,
respectively. Nucleotide position 1 has been assigned to the first nucleotide encoding the first amino acid of the mature sequence. Five
potential sites for N-linked glycosylation are indicated by dots. The putative signal peptide, and transmembrane domains are underlined.
The 12 region, between the III and IV homology repeat domains, that is alternatively spliced in the mouse a7 subunit is overlined, as is
a putative polyadenylation signal site. Three potential calcium binding sites in the amino-terminal half of the molecule are enclosed by
boxing. Consensus sequences for potential dibasic protease cleavage sites, and a potential integrin LDV binding site are underlined. The
sequence that is shaded and italicized illustrates the region that is deleted in the novel a7 splice variant. The region containing the major
ADP-ribosylation site is bracketed. The positions of intron-exon splice sites identified by partial sequencing of the HNTAU85 clone are
indicated by vertical arrows.

intervening sequences between the latter domains for natively spliced region. Splicing at alternative sites
flanking this intron appears to be the mechanism thatall the clones corresponded to the alternatively spliced

mouse exon X2. The cytoplasmic domain is highly simi- gives rise to the a7 subunit variant represented by clone
FH7.5. The alternative splice sites flanking the intronlar to the mouse a3 [20], human a6 [20-22], and mouse

[10] and rat [6] a7 B cytoplasmic variants, indicating are sited 32 bp from the 5*-end and 193 bp from the 3*-
end of the intron (Fig. 2A). To confirm the presence ofthat it is the B cytoplasmic isoform. Features of the

cytoplasmic domain of the human B isoform have al- this previously unidentified a7 mRNA variant, PCR
analysis was carried out on reverse-transcribed humanready been discussed in detail [6]. Briefly, it contains

serine/threonine protein kinase homology regions [AV- fetal heart and small intestine mRNA, and mRNA pre-
pared from mouse P19 embryonal carcinoma cells, usingKIL(P)R, and LGXXGXXGXG]; three unique DXHP re-

peats; a receptor-like protein tyrosine phosphatase ho- primers that span the deleted region. When using fetal
heart cDNA, a major PCR product of 796 bp, and amology region (TVPQYHAVKIPREDR); and a potential

actin-binding site (QQFKEEK). minor species of 571 bp, were generated that are of the
expected sizes of the unspliced and spliced versions of
the a7 subunit, respectively; given the positions of theThe Novel Extracellular Variant of the Human a7
PCR primers in the human a7 cDNA (Fig. 2B). In con-Subunit Is Generated by Alternative Intron Splicing
trast only the unspliced 796 bp band was detected with

The 225-nucleotide in-frame deletion corresponding to small intestine cDNA. Similar results were obtained us-
75 amino acids (positions 625 to 699) in the C-terminal ing P19 cells, with the expected fragment size of 400 bp
region of the extracellular domain of a7 (clone FH7.5), for the unspliced version, and a 250 bp spliced version
has no notable features that might provide a clue to a (Fig. 2C). The relative proportions of the species was
particular function. Isolation of a new EST clone, maintained in P19 cells that had been forced to differen-
HNTAU85, provided insights into how this variant form tiate into cardiac and skeletal muscle cells in the pres-
of the a7 subunit arises. The HNTAU85 clone was a ence of DMSO and low doses of retinoic acid. The above
partially processed hnRNA containing intronic se- PCR products hybridised to a human a7 cDNA probe,

thereby verifying their authenticity.quences including a 475 bp intron within the novel alter-
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FIG. 1—Continued
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FIG. 1—Continued

acid sequences of mouse and rat a7 are 86 and 81 %Similarity between Species Homologues of a7
similar, respectively, to the putative human homologue
(Fig.3A). There are two sequences in human and mouseThe human sequence was aligned with the sequences

of mouse, and rat a7, so regions stringently conserved a7 that differ dramatically from the rat homologue, en-
compassing residues 50 to 62, and 192 to 224. The firstor altered during evolution could be revealed. The amino

FIG. 2. Detection of the alternative a7 splice variant by PCR amplification of cDNA prepared from human fetal heart, and mouse P19
cells. (A) Alternative splicing at sites flanking an intron in the a7 gene. Exonic sequences are shaded, and vertical arrows denote the splice
sites. Both the alternative (alt) and conventional (norm) 5* splice donor sites agree with consensus splice donor sequences. The conventional
3 * acceptor splice site agrees with consensus splice acceptor sequences, but is not particularly pyrimidine-rich. In contrast the flanking
alternative 3 * acceptor site appears cryptic. (B) PCR amplification of the a7 variant from human cDNA. Human small intestine (lane 1),
and fetal heart (lane 2) mRNA was reverse-transcribed, and amplified with the a7 primers a7-1820U and a7-91r2 that straddle the deleted
extracellular region. The PCR products were separated by agarose gel electrophoresis, transferred to Gene Screen Plus filters, and hybridised
with a 32P-labelled cloned PCR product derived by PCR amplification from clone FH7.6 using the primers a7-1820u and a7-91r2. Sizes of
the PCR products are indicated in the left-hand margin. (C) PCR amplification of cDNA from mouse P19 cells. Total RNA from P19 cells
that had been untreated (lane 1), or induced to differentiate into cardiac and skeletal muscle with DMSO (lane 2), and retinoic acid (lane
3) was reverse transcribed, and amplified with the primers ma7-S, and ma7-R that straddle a region corresponding to that deleted in
human a7. PCR products were resolved and hybridised with a human a7 cDNA probe as above.
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FIG. 3. Comparison of the deduced amino acid sequence and structure of human a7 with its rodent homologues. (A) The deduced amino
acid sequences of human, mouse [10], and rat a7 [7] have been aligned. Identical amino acids are in bold. The seven conserved repeat
domains are overlined and numbered, and the transmembrane domain is overlined. The cytoplasmic domains compared for all the species
homologues are the B variants. (B) Schematic diagram of the structural features of the human, mouse, and rat a7 subunits. The alternatively
spliced region between repeat domains III and IV is denoted by diagonal shading. The transmembrane domain (TM) is in solid boxing.
Numeration of amino acid positions starts with the N-terminal amino acid of the mature polypeptide, and for the mouse homologue is with
respect to the 12 variant.

may have been created by a sequencing error in the rat ble features. A schematic comparison of the rodent splice
variants with the human a7 subunit is shown in Fig.homologue placing part of the sequence out-of-frame,

whereas the second appears authentic but has no nota- 3B. As mentioned previously, only the X2 region be-
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FIG. 3—Continued

tween the homology repeat domains III and IV was iden- variation, and will not be distinguishable by Northern
analysis.tified in the human a7 cDNA clones, whereas alterna-

tively spliced X1 and X2 domains have been identified
in mouse. Only the B form of the cytoplasmic domain DISCUSSION
was identified whereas rat has forms A-C.

We have isolated and characterised cDNAs encodingTissue Distribution
the complete sequence of the human integrin a7 sub-
unit, and identified a novel extracellular domain vari-The distribution of a7 mRNA transcripts was as-

sessed by screening Multiple Human Tissue northern ant that has not been previously reported. The variant
transcript arises from alternative splicing at sitesblots (MTN and MTNII, Clontech) (Fig. 4). Blots were

probed with the insert of clone HOEA062, revealing a flanking an intron in the a7 gene, resulting in the dele-
tion of exonic sequence corresponding to 75 amino acidssingle major 4.4 kb a7 subunit transcript abundantly

expressed in skeletal muscle, moderately expressed in in the C-terminal region of the extracellular domain.
Splicing occuring at alternative splice sites within ex-heart, small intestine, colon, ovary and prostate, and

weakly expressed in lung and testis. Transcripts encod- ons is rare, and was first realised in the thalassemia
syndromes [23]. The existence of the novel variant,ing the deletion variant reported here, as well as other

published variants, are predicted to show little size which could be PCR amplified from fetal heart mRNA,
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The overall structure of the human a7 subunit is
conserved with its rodent homologues, including three
potential extracellular calcium and cytoplasmic actin-
binding sites, and serine/threonine kinase and protein
tyrosine phosphatase homology regions. Different cyto-
plasmic variants of the rodent homologues of the a7
subunit have been identified, which presumably pos-
sess different signalling properties [6]. Both clones con-
taining 3 *-regions sequenced in the present study en-
coded an identical cytoplasmic domain, similar in se-
quence to the cytoplasmic domain B variants of the a3

FIG. 4. Analysis of the distribution of a7 subunit transcripts.
and a6 subunits. There are two different extracellularMultiple human tissue Northern blots (MTN and MTNII, Clontech;
domain isoforms of mouse a7, designated 11 and 122 mg mRNA per lane) were hybridized with the insert of EST clone

HOEA062. The size of the major a7 mRNA transcript calculated [10], whereas only the12 human variant was identified
with reference to RNA size markers is shown in the left-hand margin. in the present study.

The results of early reports suggested that the a7 sub-
unit might have a restricted distribution on muscle and
certain melanoma cell lines [1, 8, 9], however more re-
cently an RT-PCR study revealed expression of tran-was not anticipated since only a single 4.4 kb transcript

was detected in various tissues by Northern analysis. scripts for the mouse cytoplasmic B variant in every tis-
sue and cell line tested [11]. In the present study mostA difference of 225 bp would not be detectable by this

analysis. The data suggest that the splice variant is a tissues expressed a7 transcripts, with the strongest ex-
pression in heart and skeletal muscle. However, tran-minor species, but this notion will need to be confirmed

by more accurate methods to quantitate the two spe- scripts could not be detected in liver, placenta, peripheral
blood lymphocytes, or spleen but this may reflect thecies. The variant form was not amplified from small

intestine mRNA, suggesting that its expression may be insensitivity of Northern analysis. Very widespread ex-
pression in eighteen different tissue and cell types wastissue-specific.

A related a7 variant was identified in mouse cells, revealed by a search of the HGS EST database.
In conclusion, the identification of a novel extracellu-by PCR amplification of the corresponding region from

cDNA prepared from P19 cells. The positions of the lar splice variant of the a7 subunit continues the trend
for members of the a3, a6 and a7 integrin subgroup,alternative splice sites may vary slightly in mouse,

since the PCR products representing the two splice whose structures, and potential functions, are altered
by alternative splicing of their extracellular domains.variants were closer in size than expected. Neither the

overall abundance of a7 transcripts, nor the relative The positioning of the major site of ADP-ribosylation
either within, or in close proximity to the alternativelylevels of the two species of mRNA were altered when

the pluripotential P19 cells were forced to differentiate spliced region in the extracellular domain of the a7
subunit, suggests these two structural modificationsinto cardiac and skeletal muscle. This may suggest that

the alternative splice variant is unlikely to be regulated could possibly be functionally related.
independently of the normal a7 subunit transcript dur-
ing early mouse development, but this will need to be ACKNOWLEDGMENTS
confirmed by additional studies.
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