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The gene structure of tetranectin, a plasminogen binding protein
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The gene for humaun tetrunectin was isoluted from a genomic library with a mixtuse of degencrate oligonucleotide probes, The gone is ubout 12

kbp and containg two intervening suquenses, The gene encodes i protein of 202 amino acid residues, with u signal peptide of 21 umino acid residues,

followed by the tetranectin sajuence of 181 umino ucid residues. Northern blot analysis revealed that tetraneetin mRNA was present in all eight

tissues tested with the highest concentration in lung. Southern blot unulysis showed hybridization to two genes, Further investigations are needed
to determine whether the genes are allelic or non-ullelic.

Tetrunectin; Cloning: Expression: Oligonucle¢otide probe; Plusminogen binding

1. INTRODUCTION

Tetranectin is a protein isolated from human plasma
{1]. Tetranectin antigen has been shown to be present in
several cells and tissues. Tetranectin may therefore have
a ubiquitous cellular distribution [2-4]. In invasive
breast cancer, the distribution of tetranectin is radically
changed [5]). The extracellular matrix of the desmoplas-
tic cells surrounding the tumor cells shows a high con-
centration of tetranectin whereas the tumor tissue and
the normal breast tissue have no or very little tetranectin
in the extrucellular matrix. The plusma concentration of
tetranectin is significantly reduced in patients with var-
ious malignancies [6].

Tetranectin is a tetrameric protein with four identical
and non-covalently bound polypeptide chains each of
181 amino-acid residues. The amino-acid sequence has
been characterized, and the three intrachain disulfide
bonds localized [7]. Tetranectin does not include carbo-
hydrates [7]. It has a specific binding affinity for
sulphated polysaccharides [8] and the kringle 4 of plas-
minogen [1]. These binding properties may be essential
for the unknown bioclogical function of tetranectin. The
binding of tetranectin to plasminogen and its stimulat-
ing effect on tissue-type plasminogen activator (t-PA)
catalysed plasminogen activation in vitro, indicate that
tetranectin may participate in processes where plasmin-
ogen activators are involved like tissue degradation,
involution, extracellular proteolysis and cell migration.

Sequence homologies have been found to the regions
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of the asinloglycoprotein receptor family, from human,
chicken and rat that are thought to be extracellular. In
addition tetranectin has homologies to the C-terminal
globular domain of the cartilage proteoglycan core pro-
teins from chicken and rat [7), the IgE receptor from
human B lymphocytes [9]. canine lung surfactant factor
[10]. human thrombeomodulin and pancreatic store pro-
tein [11]. A protein has been isolated from shark carti-
lage which shows 45% identity to the tetranectin se-
quencs [12].

In order to elucidate how the synthesis of tetranectin
is regulated in normal cells and tumor celis. it is neces-
sury to isolate and analyze the gene and its regulatory
sequences. We here report the isolation and characieri-
zation of a human tetranectin gene. The DNA sequence
shiows that the gene has three exons encoding the 202
residues pretetranectin,

2. MATERIALS AND METHODS

2.1, Enzyies and reagents

Restriction endonucleases, T4 DNA ligase, polynucleotide kinuse
and nick translation kits were from Beehringer Munnheim, DNA
sequence reactions were performed with a Sequenase kit (United
Stutes Biochemical Corporation), [y-*PJATP was from ICN und [2-
2PIJATP was from Amersham. The humun genomic A-phage library
wits from Stratagene and the multiple tissue Northern blot and the
human genomic Southern blot were from Clontech,

2.2, Screening of the genontic A-phage library

The human genomic A-phage library wus construcled in vector
AFIX™I with Sau3A partially-digested cuucasian male placenta
DNA. About 500,000 plaques were screened by in situ hybridization
essentially as described by Benton and Davis [13], A mixture of seven
degenerate oligonucleotides lubeled at the 5% end with P was used us
hybridization probe (see below).

Mybridization was performed in 6 x 88C (1x88C = 150 mM NaCl,
15 mM trisodiumcitrate  dihydrate). 10 x Denhardt's  solution
(100 x Denhardt's solution = 2% bovine serum albumin, 2% Ficoll-
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400, 2% plyvinyipyrrolidone), 0.1% SDS und denutured salmon sperm
DNA (50 gg/ml) overnight at 37°C. The nitracclulose filters were
wished for 15 min ut room tempentture and 2 x 10 min wt 45°C in
6 % SSC, 0.1% SDS.

Phuge DNA prepared from positive plaques was digested with re-
striction endonucleases, und characterized by Southern blot unilysis
(14).

2.3, Oligonucelentide probes

The known amino-ucid sequence of tetrunectin 7] wis used for the
design of seven degenerate oliganucleotides (Tet1=7) which were
used as probes and primerx in screening and churucterization of the
tetruneetin gene. (X = deoxy Inosine)

Teth: CAAGIAA(AGICCIAGCTIAAAGIAAIAG)AT,

Tet2: TCXTCAAACATATTXGTXTTXACXACATCXTTXTT,
Tetd: AACTIAC(AGCTIAA(AGIATGTT(CTIGA(AGIGA.
Tetd: AA(AGIACAGCTITT(CTICA(CTIGA(AG)IGC.

Tets; TCAGCTIGTICT)TCCCAAGITTICTITT(AG)TA,

Tet6: TT(AG)TC{AG)AACCA(CTITT(AGCTICC(AG)TT,
Tet?: CCAG)AA(CTITG(AGICAXAT(AG)TA.

234, DNA sequence enalysis

Phage DNA from onc clone which hybridized both to oligonucian.
tide probes corrsponding to the N-terminal region and to oligonucle-
otides corresponding to the C-lemiiaai region of tetrunectia, wis
subctoned in plasmid pUCI9 [15). The degencriie oligonucleotides
Tetl, Tetd, Tetd und Tet? were used as primers in double-strand
sequencing of subclones with the dideoxy chain-termination methad
[16). The sequences were extended by using complementury primers
to the determined DNA sequences,

2.5, Narthern and Southern blot annlvses

The multiple tissue Northern and the genomic Southern blots were
hybridized with u nick translated probe contiining un 850 bp Xbal-
EcoRlI fragment from ATNI. This frugment contains the ' exon and
sequenses from the promoter and §° intran (sec Fig. 1),

3. RESULTS

3.1, Isolation and analysis of unan genomic tetranectin
DNA

A human genomic library was screened with a mix-
ture of seven degenerate oligonucleotides (Tet1-7) as
probes. Twelve positive clones were purified and one
clone ATNI, hybridized to all of the degenerate oligonu-
cleotides except Tet2. Later the genomic sequence
showed that oligonucleotide Tet2 spans the 5 intron
which explains the lack of hybridization.

An extensive restriction map was made of the ATNI
clone (Fig. 1). The fragments with the tetranectin coding
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sequences were localized, subcloned in plasmid pUCI19
and sequenced. The sequence showed that ATNI en-
codes pre-tetraneetin, a protein of 202 amino-ucid resi-
dues with a putative translational start in position 254
(Fig. 2). The N-terminal signal peptide is 21 amino-acid
residues long and has. like other signal peptides, a cen-
tral core ¢f hydrophobic amino acids. The N-terminal
of plasma tetrunectin is in agreement with the predicted
cleavage site for the signal peptide [17].

The mature tetranectin encoded by the gene in ATNI
is identical with the amino-acid sequence of plasma
tetranectin except for one amino acid, The gene encodes
4 sering in amino-acid position 106 (Fig. 2) whercas a
glycine was found by protein sequencing (7]. The gene
sequence predicts the same C-terminal residue as was
found in plusma tetranectin,

The coding sequence is interrupted by two introns.
The intron border sequences GT/AG are present in
both introns. The 5’ intron is about 3.5 kbp und the 3’
intron is about 6.5 kbp us estimated from restriction
fragment analysis. A polyadenylation signal AATAAA
is located 117 bp downstream for the stop codon. A
putative cap site in position 132 (Fig. 2) is locuted 34 bp
downstream for the TATA-box-like sequence TATT in
position 99 (Fig. 2). This putative cap site is 122 bp
upstream for the ATG start codon.

3.2. Narthern blot and genomic Saouthern blot

The Northern blot with 2 4z of poly(A) RNA in each
lane contained RNA from eight different human tissues.
It was hybridized with the 0.8 kb Xbal/EcoR] fragment,
from the 5’ end of the gene, as probe. One hybridizing
band was seen in eiach lane within a size range of 900
to 1.100 nucleotides (Fig. 3). The size of the tetranectin
gene exons in ATNI was calculated to be about 875
nucleotides. Addition of a poly(A) tail results in te-
tranectin mRNA molecules with a size which is in agree-
ment with the Northern blot. The hybridization signal
was strong in lanes with mRNA from lung, muscle,
heart, and placenta, compared to the weak signal seen
in lanes with mRNA from brain. liver, kidney, and
pancreas.

The genomic Southern blot was hybridized with the
same nick translated probe as was used for the North-
ern blot. One hybridizing band was observed in EcoRlI,
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Fig. 1. Map of the tetranectin gene in the ATNI clone, The boxed ureu represents the insert of the 4 clone, with the coding region shown in black,
E, EcoRl; B, BumHl: S, Sall: X, Xbal: Xh, Xhol,
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THE HUMAN TETFANECTIN GENE

tctagaaggcagggecaggatgetgcgtgggtgetccctggcagagaggetetglggecctcaggacttcatecttetgeaggettgtge
gteegeeesatiteetiggecacgectgeagecaagttggggagggettectggacagaggtecteeggatgetgeettaagacgtgeage
ctgggecgtggotgtcactgegtteggacccagaceegetgcaggeageageagecceegecegegeageagcATGCAGCTCTEGGEGGE

M E L W G A
CTACCTCCTCCTCTGCATCTTCTCCCTCCTGACCCAGGTCACCACCSAGCCACCAACCCAGAAGCCCAAGAACATTGCTAAATGCCAAGAA
Y L L L C¢CLF S L LT QUV TT™ EUZPPT QK P KEKTIUVNA AIKK

AGgtaaggagygggacagagecetgtgecateticcagggageaggtececctctocttagtgtgtectcatgetactttectteate et
D

cetecttttgagteatotaggggacttgagtaaagtgggottiggggettgggggagetetctcatageagagttggttgtcagaatcat
gagggtecctgacecttagagttgggaaga

Intron 3.5 kbp

gtggttaattagactaccaccageaaggatagagagagagaaagtttcccaagatatcaaggttgaggggagtcttttectetcatecet
ctgeagetaaggtaggatecttecaotgetcagtacetgecccacectgacatatttceteetget L CAgQATCT™MTGAACACAAASATGTT
V VN T K M F

TCAGCGACCTCAMCACCCCTC TGGACACCCTGCCCCACCAGGTGGCCCTGCTCAAGGAGCAGCAGGCCCTGCAGACGGgL gagtgcaggea
E BE L K S RL DTULAOGQEVAULIULIKTEQ Q®QWALSGQGQT®?TV
gtagectctetgggeaggagegtetgagagaagggeee
Intron 6.5 kbp

atcaggaccccttttgectggatataaggggetgtcaggactgatgggataaacgggatggatggaggacggtgggcttggeetgegess
ttggetetitgectggggaacagggggactteggtgacagecattteteccecant cccAgTCTGCCTCAAGGCCGACCAAGGTGCACATGA

€C L K 6T K V H M X
AATGCTTTCTOGCCTTCACCCAGACGAACACCTTCCACGAGGCCAGCGAGSACTGCATCTCGCGCCGGCOCACCCTGAGCACCCCTCACGA
C F L AFTQ@QTI RTF H E A S EDCI S RGCG TL ST UFPOGQT
CTGGCTCGGAGAACGACGCCCTSTATGACTACCTGCGCCACAGCGTCGCCAACCGAGGCCGAGATCTSCGCTSOSCCTCAACGACATGGLSS
G S ENDAILUY 2 Y L RQ $ VG NUEATETIWTLELGGUL NIDMUBAARA
CCCACGECACCTGSOTSSACATGACCGGCOCCCCCATCGCCTACAAGAACTGGGAGACTCAGATCACCGUGCAACCCGATGGCCGCAAGA
E G T W V DM TG AURTIWAY KN@WETTEITTAGG?®RPTDUGUGUHKT
CCGAGAMCTGLCCGGTCCTSTCAGSCGLGGCCANCGCCAACTCGTTCCACAAGCCCTGCCGCGATCAGCTGCCCTACATCTGCCAGTTCG
E N C A VL S G A ADNGI KWPFDI KRBRTCRDGQ@ULUPY IOGCQT F G

GGATCGTGIAGceggcygyggcuggggccatygggdgcctggaggagggcaqggagecgegggaggccgygaggagggtggggacettgeag
I v °

cccecatectetecgtgogettggagectetttttgeagataaagttggtgcagettcgeggagaggagaggegetgeagtetgtgetge
gteeget
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Fig. 2. Nucleatide sequence of the human teiranectin gene. The trunslated regions ure in cupital letters with the derived umino-acid sequence shown
below the first latter of each codon. The sturt codon for trunslution (ATG), the N-terminal glutamic acid (E) of the native protein, the intron border
sequences (GT/AG), the polyndenylation signal (AATAAA), and the putative TATA-box sequence (TATT) are underlined. The stop codon for

translation is marked with an usterisk (*).

Pstl, and BglllI digests, while two bands were observed
in the BamHI and HindIll digested DNA.

4, DISCUSSION

This study shows that a gene encoding tetranectin has
been isolated from a genomic library screened with a
mixture of seven degenerate oligonucleotide probes.
The probes were designed on the basis of the known
aming-acid sequence for tetranectin {7]. Each of the
seven oligonucleotides represents up to 64 different se-
quences. The problem with false positive signals, in the
screening of a large genomic library with oligonucleo-
tide probes, was minimized by using a mixture of seven
degenerate oligonucleotides as probe. The true positive

clones with the entire gene or large fragments of the
gene hybridized with several of the different probes in
the hybridization mixture, whereas the false positive
clones hybridized with fewer of the oligonucleotide
probes. The clones with the strongest hybridization sig-
nals were purified, and rescreened with the seven ol-
igonucleotide probes one by one. One clone, ATNI,
which hybridized to oligonucleotides representing both
the N-terminal and C-terminal parts of tetranectin, was
characterized by sequencing.

The ATN1 clone contains the entire gene of tetranec-
tin (Fig. 1). The gene is about 12 kbp and contains three
exons. This gene encodes a pre form of tetranectin with
202 amino-acid residues. The signal peptide of 21
amino-acid residues is followed by the 181 amino-acid
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Fig. 3. Northem blot analysis of human tetraneetin in various normal
tissues. Each lane contains 2 ug of poly(A) RNA {rom normal healthy
tissues. Lunes: 1, heart; 2, brain: 3, placenta: 4, lung: 5, liver; 6, skeletal
muscle: 7, kidney: 8, pancreas. The probe was a nick translated 0.8 kbp
XballEcoR] fragment from the 5’ end of the tetranestin gene.

long sequence of tetranectin (Fig. 2). The only differ-
ence between the sequences of the gene-encoded tetran-
ectin and the plasma tetranectin is the Ser found in
position 106 of the genc-encoded protein which corre-
sponds to a Gly in the amino-acid sequence of the
plasma protein. The difference may be caused by the
presence of another tetranectin gene in the genome,
since two genes were detected in the genomic Southern
blot.

The Northern blot shows that tetranectin may be a
ubiquitous protein in normal tissue since all ¢ight tissues
tested showed hybridization with the tetranectin probe
(Fig. 3). This is in agreement with previous immunohis-
tochemnical studies [2,3]. One band with a size range of
900 to 1,100 nucleotides was seen in cach lane on the
Northern blot. This size is in accordance with the size
of the tetranectin gene in the isolated ATN1 clone. It has
previously been discussed whether another tetranectin
protein of 80,000 Da exists [4,5]. With the probe con-
taining only the first exon a mRNA for such a protein
was not detected.

The differences in hybridizing intensities are caused
by differences in gene expression, since equal amounts
of poly(A) RNA were loaded in each lane. The tissues
used for RNA isolation were from normal healthy per-
sons, which ninimises the probability of changed
tetranectin genc expression caused by cancer.
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Fig. 4, Genomic Southern blot analysis of the human tetrianeetin gens.

Each lane contiins 8 ug DNA digested with various enzymes. Lanes:

1. EcoRL; 2. HindlIL: 3, Bambll: 4, Psil; 5, Bglll. The probe was &

nick transluted 0.8 kbp Xbel/EcoR 1 frugment from the §° end of the
tetranectin gene,

The genomic Southern blot does not give a conclusive
answer about the number of tetranectin gernes (Fig. 4).
One gene is expected from the EcoRI and Bg/ll digests
with one hybridizing band in cach lane. Two bands are
seen in the BamHI and HindIll lanes. BamHI and
Hind1II do not cut the probe region. The two hybridiz-
ing bands in each of these lanes therefore represent two
genes. These results can be explained as an allelic poly-
morphism caused by an insertion/deletion in the tetra-
nectin gene. If the two genes are non-allelic, these genes
have to be closely located. since both the EcoRI and
Bglll band appear as a single band.

The Pstl enzyme cuts the probe fragment once. The
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finding of only one and not two bands in the Ps/l-
digested DNA is caused by Psil sites close to the probe
fragment. which therefore results in two small frag-
ments where only the one is bound to the blot.

Further investigations are needed to determine
whether there are two allelic or non-allelic genes for
tetranectin. The finding of heterogeneitics in positions
34 and 37 in the protein sequence of plasma tetranectin
[7] could be a result of two genes.

The function of tetranectin is still not known. The
extracellular localizition in the desmoplastic tissue,
may be a result of activation of the transcription as well
as the transport from the cytoplasm to the extracellular
compartment. This activation may be caused by growth
factors secreted by the tumor cells. The isolation of the
tetranectin gene improves the ability to investigate this
activation,

Recently a ¢cDNA has been isolated from a human
placenta library [18]. Data from this clone is in agree-
ment with the genomic results presented in this paper.
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