Amino Acid Sequence and Domain Structure of Entactin.
Homology with Epidermal Growth Factor Precursor and

Low Density Lipoprotein Receptor

Marian E. Durkin, Shukti Chakravarti, Barbara B. Bartos, Shu-Huang Liu,

Robert L. Friedman, and Albert E. Chung

Department of Biological Sciences, University of Pittsburgh, Pittsburgh, Pennsylvania 15260

Abstract. Entactin (nidogen), a 150-kD sulfated gly-
coprotein, is a major component of basement mem-
branes and forms a highly stable noncovalent complex
with laminin. The complete amino acid sequence of
mouse entactin has been derived from sequencing of
cDNA clones. The 5.9-kb cDNA contains a 3,735-bp
open reading frame followed by a 3’-untranslated re-
gion of 2.2 kb. The open reading frame encodes a
1,245-residue polypeptide with an unglycosylated M,
of 136,500, a 28-residue signal peptide, two Asn-
linked glycosylation sites, and two potential Ca?*-
binding sites. Analysis of the deduced amino acid se-

quence predicts that the molecule consists of two
globular domains of 70 and 36 kD separated by a
cysteine-rich domain of 28 kD. The COOH-terminal
globular domain shows homology to the EGF precur-
sor and the low density lipoprotein receptor. Entactin
contains six EGF-type cysteine-rich repeat units and
one copy of a cysteine-repeat motif found in thyro-
globulin. The Arg-Gly-Asp cell recognition sequence
is present in one of the EGF-type repeats, and a syn-
thetic peptide from the putative cell-binding site of en-
tactin was found to promote the attachment of mouse
mammary tumor cells.

that form thin sheets separating epithelial, endothelial,
muscle, fat, and nerve cells from connective tissue
(51). Epithelial cells require contact with a basement mem-
brane to maintain their morphology and differentiated phe-
notype, and this is a result of interactions between basement
membrane molecules and cell surface receptors for them
(26). The major components of basement membranes are
type IV collagen, laminin, entactin, and heparan sulfate pro-
teoglycan (reviewed in reference 48). Entactin is a 150-kD
sulfated glycoprotein first identified as a product of a terato-
carcinoma-derived parietal endoderm line (6). It is identical
to nidogen, a polypeptide originally isolated as an 80-kD
proteolytic fragment from the Engelbreth-Holm-Swarm tu-
mor (49). Immunostaining has shown entactin to be a ubiqui-
tous component of adult, fetal, and extraembryonic base-
ment membranes (4, 6, 17, 29, 37, 48, 54), and it is also
synthesized by early embryos (17, 54), embryonal carcinoma
cells (7, 11, 17), and mesenchyme cells (28, 29, 52).
Laminin and entactin can be coextracted from cell culture
media and basement membranes in the form of a highly sta-
ble noncovalent complex (7, 17, 32, 40). As visualized by
electron microscopy, the complex consists of one entactin
molecule bound to one of the short arms of laminin, near the
center of the cross (40). Entactin also binds to fibronectin
and type IV collagen, but has no affinity for heparan sulfate
proteoglycan (18). Progress in elucidating the function of en-

BASEMENT membranes are a type of extracellular matrix
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tactin has been slow, due to its susceptibility to proteolysis
during extraction and the fact that denaturants required to in-
hibit proteases and dissociate the laminin-entactin complex
cause a loss of binding activity (18, 40). We have used cDNA
cloning to obtain the complete amino acid sequence of mouse
entactin, and this has provided new insights into the struc-
ture, function, and evolution of the molecule. The entactin
sequence has been found to contain EGF-like cysteine-rich
repeats, segments showing homology to the EGF precursor,
the low density lipoprotein (LDL)' receptor, and thyroglob-
ulin, and possible sites for Ca>*- and cell binding.

Materials and Methods

Purification and NH-terminal Amino Acid
Sequencing of Entactin

The extracellular matrix proteins synthesized by the mouse parietal endo-
derm cell line M1536-B3 were extracted as previously described (10), and
resolved by SDS-PAGE (35) on 5% polyacrylamide slab gels. The bands
were visualized by soaking the gels in 1 M KCI (24). The entactin bands
were cut out and the protein isolated by electroelution (30). The preparation
was homogeneous when tested by SDS-PAGE. Samples were dialyzed
against three 2.000-vol changes of HO over a 36-h period, and NH,-
terminal sequence analysis of purified entactin was performed on an amino
acid sequencer (model 890M; Beckman Instruments, Inc., Palo Alto, CA).

1. Abbreviation used in this paper: LDL, low density lipoprotein.
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Library Screening

Two M1536-B3 cDNA libraries in Agtll, one primed with oligo(dT) and one
primed with a laminin B2 chain-specific oligonucleotide, were construct-
ed and screened as described (14). A611 (Fig. 1) was isolated from the
oligo(dT)-primed library by screening with the 32p_|abeled insert of AlE,
a rat entactin cDNA clone isolated previously (15). A 950-bp Eco RI/Pvu
II fragment from the 5’ end of the 4611 insert and a 700-bp Eco RI/Pvu Il
fragment from the 3’ end of the insert were then used to screen both libraries.
Due to the high concentration of the laminin B2 primer used in constructing
the specifically primed library, many entactin clones were obtained due to
semirandom annealing of the primer.

Sequencing of cDNAs

Restriction fragments of the A611 insert were subcloned into bacteriophage
M13 mpl8 or mpl9 and sequenced by the dideoxy chain termination method
(46) using [a->>S]dATP and the Klenow fragment. The other cDNA in-
serts were subcloned into the Bluescript KS plasmid (Stratagene Cloning
Systems, La Jolla, CA) and partially sequenced by the supercoiled plasmid
dideoxy technique (9). The A611 insert and the 2.2-kb 3’ Eco RI fragment
of the A107 insert were subcloned into Bluescript and sequenced in their en-
tirety by constructing nested deletions using exonuclease [II and SI nuclease
(27, 36). Both strands were completely sequenced, using specific synthetic
oligonucleotide primers where necessary to fill in gaps. Secondary structure
analysis of the derived amino acid sequence was performed by the method
of Garnier et al. (20) using MacGene Plus software (Applied Genetic Tech-
nology, Inc., Fairview Park, OH). A search of the Protein [dentification Re-
source and GenBank databases was accomplished using Bionet software (In-
telligenetics, Inc., Palo Alto, CA).

Northern Blot Analysis of Entactin RNA

Methods for extraction of total RNA, formaldehyde-agarose gel electropho-
resis, blotting to Gene Screen, hybridization of blots to 3?P-labeled probes,
and subsequent washing steps have been described (16). The hybridization
probe was the 240-bp internal Eco RI fragment of A104, labeled with 32P
by nick translation. The biot was exposed to x-ray film at —70°C overnight
with an intensifying screen.

Cell Attachment Assay

The synthetic peptide SIGFRGDGQTC was prepared by Dr. Ming F. Tam,
Institute of Molecular Biology, Academia Sinica, Taipei, Taiwan. The pep-
tide was conjugated to BSA-coated 35-mm plastic petri dishes as described
by Pytela et al. (43). The peptide-coated plates were blocked with 3% BSA in
PBS overnight at 4°C before plating the cells. Mouse mammary tumor cells
(MMT 060562, American Type Culture Collection, Rockville, MD) were
labeled for 12 h with 2.5 uCi/ml {*H]thymidine in DME + 10% fetal calf
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Figure 1. Map of mouse entactin cDNA clones. The thick line
represents the coding region and the thin line represents the 3’ un-
translated region. Restriction sites for Sac I(S), Pst 1 (P), Bam HI
(B) , Eco RV (R), Eco RI (E), and Hind III (H) are indicated. A611
and A663 were obtained from the oligo (dT)-primed library; the 3
ends were lost due to cleavage at the natural Eco RI sites during
construction of the library. A110, A116, 4104, and 2107 were iso-
lated from the laminin B2 oligonucleotide-primed library. A203 was
isolated from the oligo (dT)-primed library by screening with a re-
striction fragment from the 3’ end of A107. All cDNAs were charac-
terized by restriction endonuclease mapping and partial sequenc-
ing. The A611 insert and the 3-most Eco RI fragment of A107 were
completely sequenced.
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serum. The cells were harvested by trypsinization, and 0.5-1.0 x 10 cells
per dish were plated in serum-free DME on dishes coated with peptide-
BSA conjugate or BSA alone. The plates were incubated at 37°C for4 hinan
atmosphere of 100% humidity/5% CO: in air, then washed twice with 1 ml
PBS and once with 0.5 ml 0.05% trypsin to remove unattached cells. The
cells were removed by incubating with 1 ml trypsin, transferred to scintilla-
tion vials, mixed with scintillation fluid, and counted in a scintillation
counter. Percent attachment was calculated as follows:

[cpm in peptide-coated plate — cpm in BSA-coated plate] % 100
total cpm per plate.

Results

Isolation of Mouse Entactin cDNA Clones

Previously we had characterized a rat entactin cDNA clone,
AlE, obtained by screening a Agtl1 library with anti-entactin
antiserum (15). To isolate mouse entactin cDNA clones, an
oligo(dT)-primed M1536-B3 library was probed with the
nick-translated A1E insert, yielding a phage carrying a 3.4-kb
insert, A611. The oligo(dT)-primed library and a specifically
primed library were then screened with nick-translated re-
striction fragments from the 5’ and 3’ ends of the A611 insert,
and a series of clones covering a total of 5,959 bp was isolated
(Fig. 1). The size of entactin mRNA was estimated to be 6-kb
by Northern blot analysis (Fig. 2), indicating that the cDNA
is nearly full length. Entactin mRNA is considerably more
abundant in basement membrane-secreting M1536-B3 cells
(Fig. 2, lane 2) than in F9 embryonal carcinoma cells (lane
1), which produce much less of the protein.

Features of the Entactin cDNA and Protein Sequence

The entactin cDNA sequence and the deduced amino acid se-
quence are shown in Fig. 3. The cDNA contains a 3,735-bp
open reading frame beginning at the ATG codon at nucleo-
tide 12, which lies in a favorable context for translation initi-
ation (33) and terminating at a TGA stop codon at nucleotide
3,747. The 5’ untranslated region is very short (11 bp), and
it is likely that we are missing most of the 5’ leader. After
the open reading frame is a 2.2-kb 3’ untranslated region, an
ATTAAA polyadenylation signal, and a poly(A) tail. While

— Figure 2. Northern blot analysis of en-
tactin gene expression. Aliquots of to-
tal RNA (5 ug per lane) from mouse
F9 embryonal carcinoma cells (lane 1)
and M1536-B3 cells grown in suspen-
sion culture for 6 d (lane 2) were sepa-
rated on a 0.75 % agarose/2.2 M form-
aldehyde gel, blotted onto Gene Screen,
and hybridized to the nick-translated
240-bp internal Eco RI fragment of
Al04. The positions of the 18 S and
28 S rRNAs in the gel are indicated.
The size of entactin mRNA (6 kb) was
estimated by comparison to Hind IIT
fragments of bacteriophage A DNA
(not shown).
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AGTTGGGAAACATGCTGGACGUGAGORGCTGTAG TTOGGOGA TG TGGAQS TGGGAGC TG T TGCAGC TGCTGC TACT AG TGGGGO00GGAGGC TGUC TGAATOGOCAGGAGCTC
! Nk:hquAhSaGlyCySuTtpAthTxymepN-huhanhuhulmlmWGbhoGyGlyCr‘.mAnAranGan 6
*

114 TTOOOCTTOGGOCCTORGCAGGEGGACCTAGAGCTEGABGC0GGEGA0GACG TGGTATOO0OCTOOC TRGAACTGATOGGAGAACTGAGCTTCTATGATOG TACGGACATCACGTOGGTC
Phe Pro Phe Gly Pro Gly Gin Gly Asp Lew Ghu Lew Gha Ala Gly Asp Asp W Wl Ser Pro Sz Lew Ghu Lew e Gly G Lew Ser Fhe Ty Asp Ag Thr Asp e Thr Ser W 46

234 TATGTCACCACAAATGGTATCATOGOCATGAGOGAACOOOCAGOCACAGAATACCATODOGGAACCT TOOCACCCAGCT TOGGCTCAGTAGOGOCTTTOCTGGC TGACT TGGACACAACC
e Vd Thr Thr A Gy T T Ala Mer Ser Gl Bro Bro Al Thr G Fr His Pro Gly Thr Phc Pro Fro Ser Phe Gly Ser Vil Ala Pro Phe Leu Als Asp Leu Asp The Thr 86

354 GATGGOCTGOGGAATGTGTATTATOGAGAAGACTTATCOOOGTTCATTAT TCAGATGGCAGCAGAGTATGTOCAGAGAGGC TTCOOBGAGGTCTCTTTOCAGOCCACT.
Asp Gly Leu Gly Asn W T Tyr Arg Ghu Asp Leu Scr Pro Phe T I Glo MetAla Ala G Tyr Wl Gin Arg Gly Phe Fro Gh Wl Ser Phe Gin Pro Thr Ser Wl Wi Wl 126

474 GTCACTTGGGAATCTGTGGCCOCTTATGGAGGGUCCAGCAGCAGOUCTGOUGAGGAAGGCAAGAGAAACACG TTCCAGGCTGTTCTGGOCTOCTCAAATTOCAGCTOCTATGOCATTTTC
Vil Thr Trp Giu Ser Wl Ala Pro Ty Gly Gly Pro Ser Sex Ser Pro Ala Gl Gl Gly Lys Arg Asn Thr Phe Gln Als Wl Leu Ala Ser Ser Am Ser Ser Ser Tyr A Ik Phe 166

594 CTTTATOCTGAAGATGGTCTACAGTTCTTTACAACATTCTOGAAGAAGGATGAAAGCCAAGTACCTGC TGTGGT TGG T TCAGCAAAGGTCTAGTAGGATT TCTATGGAAGAGCAACGGA
Leu Ty Po Gu Asp Gly Leu Gin Phe Phe Thr The Phe Ser Lys Lys Asp Giu Ser Gin Wl Bo Ala Vi Wi Gly Phe Ser Lys Gly Leu il Gly Phe Lew Trp Ly Ser A Gly 206

714 GOCTATAACATATTTGOCAATGACAGAGAATCAATTGAAAATTTGGCTAAGAGCAGCAACGCTGGGCAOCAGGGTGTGTGOGTG T TTGAGAT TGGAAGTOCTGCTACIGUCAAGGGOGTG
Als Tyr Am I Phe Ala A Asp Arg Glu Ser lie Gos Asn Leu Ala Lys Ser Ser Am A Gly His Gin Giy Vil Trp Wi Phe Gt Iie Gly Ser Pro Als Thr Alx Lys Gly Wl 246

834 GTCTCTGCAGATGTGAACCTGGACCTGGACGACGATGGAGCAGACTATGAAGATGAAGAT TATGACCTAGTAACCTCTCACCT TGGOCTGGAGGATG TAGOCACTAOC TOOOCCTONCAC
WAl Ser Als Asp Vol Am Leu Asp Leu Asp Asp Asp Gly Ala Asp Tyr Gun Asp Gl Asp Tyr Asp Leu Wl The Sex His Leu Gly Leu G Asp Wl Ala The Pro Ser Pro Sez Fis 286

954 AGCTOCAAGAAGGGGATACOCTGACCCACACAATG T ACCT AGGATOCTCTC TS TGGCTATGAGGC T ACAGAGAGACCOOGTGGAG TOCCCAC TGAGAGGACCAGATCTTTCCAGCTGOCA
Ser Pro Arg Asg Gy Tr Po Asp Pro His Am Wl Fro Arg lie Lew Ser Bro Gly Br Gl Als Thr Gl Arg Pro Arg Gy Wl Pro Thr Gl Arg Thr Arg Ser Pbe Gin Leu o 326

1074 GOGGAGAGGTTOCCTCAGCATCACCOCCAGGTCAT TGATGTGGA TGAAGTAGAGGAAACAGGAGT TGTATTCAGCTACAACACAGGTTOOCAGCAGACTTGTGOCAACAATAGACAOCAG
Ala Gh: Asg Phe Pro Glo His His Fo Glo Wi Tie Asp VAl Asp Gl Val Glu Glu Ther Gly Wl Vil Ple Ser Tyr Aan Thr Gly Ser Gln Glo The Gys Als Asa A Arg His Gln 366
*

1154 TGCTOOGTGCATGCAGAGTGCAGAGACTATOCTACTGGCTTCTGCTGCAGG TE TG TOGOCAACTACACAGGCAA TOGCAGACAG TG TGGCAGAAGGCTCTOCACAACGGGTCAATGGC
O Ser W His Ala Glu G Arg Asp Tyr Ala The Gy Phe G Gy Arg G W Ala Asm e Thr Gy Aem Gy Arg Gin G Wl Ak G Gy Br Fro Gin Arg Wi Am Gy 406
¥ ¥ ax

1314 AAGGTGAAGGGAAGGATCT TOGTGGGGAGCAGOCAGG TOOOOGTGGTGT T TGAGAACACTGACCTGCACTCCTATGTGG TGATGAAOCACGGGOGCTCTTACACAGOCATCAGCAQCATC
Lys Vi Lys Gly Arg Tie Phe Vai Gly Ser Sex Gin Val Pro VAl Val Phe Glu Asa Thr Asp Leu His Ser Tyr Vi Vil Mt Asn His Gly Arg Ser Tyr Thr Ala T Ser The Nie 446

1434 CCTGAAAGOGTOGGCTACTCTCTGCTOM00CTGGCACOCAT TGGAGGCATCATOGGATGGATG TT TGCAGTRGAGCAGGATGGGTTCAAGAATGGG TT TAGCATCACTOGGGGCGAGTTT
Pro Ghu Thr W Gb Br Ser Leu Lew Pro Leu Ala Pro Ie Gly Gly lle Te Gly Trp Mer Phe Ala W Gt Gin Asp Gly Phe Lys As Gly Phe Ser Iie Thr Gly Gly Guu Phe 486

1554 ACOOGGCAAGCTGAGGTGACCT TOCTGRGGCACOCAGGCAAGCTGGTOC TGAAGCAGCAG T TCAGOGG TATTGATGAACATGGACAOCTGACCATCAGCAOGGAGC TGGAGGGOOGAGTG
Thr Arg Gin Ala Giu Val Thr Phe Leu Gly His Pro Gly Lys Leu Vil Leu Lys Gl Gin Phe Sex Gty Tie Asp G His Gly His Leu The Te Ser The Gl Lew G Gly Ag W 526

1674 COGCAGATCOOCTATOGAGOCTOGG TRCACATTGAGCOCT ACACOGAACTG TACCACTACTOCAGCTCAGTGATCACT TOC TOCTOCACCOGGGAG TACAUGG TGATGGAGOCTGATCAG
Po Gln e Po Tyr Gly Ala Ser Vil His Te Ghs Pro Tyr Thr Ghu Leu Tyr His Tyr Ser Ser Ser Wl lie The Ser Ser Ser Thr Arg Gl Fr Thr Wl Met Glu Pro Asp Gin 566

1794 GAOGGOGCTGCAQOCTCACACACCCATAT T TACCAGTGGOG TCAGACCATCAOC T TOCAGGAG TG TGOOCACGA TGACGOCAGGOCAGOOC TGONCAGCACOCAGCAGC TCTCTGTGGAC
Asp Gly Als Ala Pro Ser His Thr His le Tyr Gin Trp Arg Gin The Tie Thr Phe Gio Giu Cys Ala His Asp Asp Als Asg Pro Als Leu Pro Sexr Thr Glo Glo Lew Ser Vil Asp 606
*

1914 AGOGTGTTTGTOCTGTACAACAAGGAGGAGAGGATCT TGOGCTATGCOCTCAGCAACTOCATOGGGOC TGTGAGGGA TGGCTOOOCTGATGOOCT TCAGAATOCATGC TACATTGGCACC
Ser W Phe Vil Leu Tr Asn Lys Glu Giu Arg Te Leu Arg Tr Als Leu Ser Am Ser Tie Gly Po Wil Arg Asp Gly Sex Pro Asp Ala Leu GinAsn Fro Gys Tyr e Gly Thr 646
*

2034 CATGGGTGTGACAGCAATGCTGOCTGTAR00CTGGO0CTGRAACACAGTTCACCTGOGAATGCTOCA ATGATATTGATGAGTGTTCAGAG
HhGlyC):AsdeAmAhAhCrArghoGyhoGlymGlonThrCrGhCrSah@hw%%m?&@&wm%&& 686

2154 CAGOCTTOOGCTGTGRGAACCATGOGGTCTGCAACAACCTOOCAGGAACCT TOOGCTGOGAG TG TGTAGAGGGCTACCACT TCTCAGACAGGGGAACATGOG TGGCTGCOGAGGACCAA
Gl Pro Ser Arg Cya Gly Asn His Ala Wil Gy Ama Asa Leu Pro Gly The Phe Arg Cys Giu Cys Vil Glu Gly Tyr His Phe Sex Asp Arg Gly The Cys Wil Ala A Gla Asp Gln 726
* * * * *

2274 CGTQOCATCAACTACTGTGAAACTGGTCTOCACAACTG TGATATOOOOCAGAGAGOOCAG TGCATCTATATGOG TGS TTOCTOCTACACCTGCTOC TG TCTGOCTAGCTTCTCTGRGGAT
Arg Po Il 'Asm T G Gu Th Gly Lou His Am G Asp T Fro Gin Arg Als G G lle e Mer Gy Gly Ser Sex Ty Thr oo S O Lo o Gly P Sz Gy Aop 766
*

2394 GGCAGAGOCTGOUGAGAQG TGGATGAATGOCAGCACAGOOGATG TCACOO0GATGOCTTCTGCTACAACACACCAGGCTCT TTCACATG TCAGTGCAAGOCTGGCTATCAGGGGGATGGC
Gly Arg Au Gp Arg Asp Wl Asp Gu G Gla His S Arg G His o Asp Al Poe G e Am The Po Gly Sz Phe Thr G Glo G L Pro Gly e Glo Gy Ap Gy 806
L

2514 TTOOGATGCATGOOOGGAGAGGTGAGCAAAACOGGG TG TCAACTGGAACGAGAGCACATOCT TGGAGCAGOUGGOGGGGCAGA TGCACAGOGGOOCAOCCTGCAGGGGA TG TTTG TGACT
Phe Arg Cys Met Pro Gly Giu Vel Ser Lys Thr Arg Gya Gin Leu Gls Arg Glu His Tie Leu Gly Ala Als Gly Gly Als Asp Al Gln Arg Pro Thr Leu Gin Gly MetPhe W Pro 846
* *

2634 CAGTGTGATGAATATGGACACTATGTACOCAOOCAGTG TCACCACAGCACTGGCTACTGCTGG TG TG TOGAGGAGATGG TOGGGAGCTGGAGAG TAGOIGTACOOCACCTGOGATGAGG
Ga Gys Asp Gu T Gly Fis v Wl Pro Thr Gin Gye His Fis Sex The Gly s G Tp Gp Wi Asp ArgAsp Gly Arg G Lo Gu Gy Ser Arg Th Fro o Gly Mec Arg 836
» *

2754 QO000GTGTCTGAGTACAG TGGC TCCTOCTATTCAOCAGGGACCAGTAGTACCTACAGC TG TCATOCOUCTGOCTOCAGGGACACACT TACTCTT TGC TCAGACTGGAAAGAT TGAACGC
Pro Pro Cys Leu Ser Thr Vil Ala Bro Pro I His Gn Gly Fro Vil Wil Pro Thr Ala Wil Tie Fro Lew Pro Pro Gly Thr His Leu Leu Phe A G Thr Gly Lys De G Aig 926
*

2874 CTGOOCCTOGAAAGAAACAOCATGAAGAAGACAGAACGCAAGGOCTTTCTOCATATOOCTGCAAAAG TCATCATTOGACTGGOCT TTGACTGOGTGGACAAGG TGGTTTACTOGACAGAC
Leu Pro Leu Guu Arg Asn The Met Lys Lys Thr Gha Asg Lys Ala Phe Leu His Te Pro Ala Lys Val Tie D Gly Leu Ala Phe Asp Cys Wl Asp Lys Wi Wil Tyr Trp ThrAsp 966
*

2994 ATCAGOGAGOCTTOCAT TGGGAGAGOCAGOC TOCAQGG TOGAGAGOCAACCACCATCATTOGACAAGATCT TOGAAGOOC TGAAGGCATTGOOCT TGACCATCTTGGTOGAACCATCTTC
Te Ser G Pro Ser Te Gly Arg Ala Ser Leu His Gly Gly Ghu Fro The The Tie Ile Arg Gln Asp Leu Gly Ser Pro Gl Gly Tie Ala Leu Asp His Leu Gly Arg The Te Phe 1006

3114 TOGACGGACTCTCAGTTGGATCGAATAGAAGT TGCAAAGATGGATOGCAOOCAGOGOMGAG TGCTG T T TGACACGGG TTTOGTGAATOCCAGAGGCAT TG TGACAGACOCOGTAAGAGGG
Top Thr Asp Ser Gin Leu Asp Arg T Glu Vil Ala Lys Met Asp Gly Thr Gln Arg Arg WAl Leu Phe Asp The Gly Lew Vil Am Pro Arg Gly Tie Wi Thr Asp Pro Wl Arg Gly 1046

3234 AACCTTTATTGGACAGATTGGAACAGAGATAATCOCAAAAT TGAGACT TCTCACATGGATGGCACCAACOGRGAGGATTC TOGCACAGGACAACCTGGGCTTGOOCAATGGTCTGACCTTT
Am Lew Tyr Tep Thr Asp Trp Asn Arg Asp Asa Pro Lys lie Ghu Thr Ser His Met Asp Gly Thr Asn Arg Arg e Leu Ala Gln Asp Amn Leu Gly Leu Pro Asa Gly Leu Thr Phe 1086

3354 GATGCATTCTCATCTCAGCTTTGCTOGGTOGA TOCAGGCACCCAT AGGGCAGAATGOCTGAACCCAGCTCAGOCTAGCAGAGGCAAAG T TCTOGAAGGGCTOCAGTATOCTTTAGCTGTG
MMh&kmuwwwhmmmmmmm@mmmmmm@mmuwmmwwm&mmmwuu

3474 ACTAGCTATOSGAAGMTTTGT. mmwmnmm TATATOCAAAGAGATGGATACCT TCCAGOCACACAAGCAGACOOGGCTATAT
Thr Ser Fyr Gly Lys Am Leu Tyr Tyr The Asp Trp Lys The Asn Ser Vol Te Ala MerAsp Leu Ala Tie Ser Lys Ghu Met Asp Thr Phe His Pro His Lys Gin Thr Arg Lew Fr 1166

3594 GGCATCACCATOGOCCTGTOOCAGTGTODOCAAGGOCACAAT TAC TECTCAGTGARTAATOG TGGATG TACOCACCTCTGC T TGOOCAC TOCAGGGAGCAGGACC TGOOGA TG TOCTGAC
Gly Ie The e Als Lew Scr Gin Cys Pro Gin Gly His Am Fr Gys Ser Vo AsAm Gly Gly Gys Thr His Leu Cys Lew Pro Thr Pro Gly Sex Arg The Cys Arg Gy Fro Asp 1206
* * * * - -

3714 ANCAOOCTGGGAGTTGACTGCATTGAAGGGAAATGATGTCAAGAATTOC T TGTTOOCTCTOCAAGTATT TCATAGTAACACTCTACT TGAAGTGACT TGATCCAGACTGAAAAGTGTOGT
Am Thr Leu Gly Wl Asp Gys Te Glo Arg Lys 1217

*

3834 GCAGTGGAATGACCAOCAGGOOCAGATCTAGOCTAGCCTGAGCTCTCACAAQCTCTOCTTAACCTTOOCTAGAACAATTACCT TTAGCTCAGTAATGGGAAAATCTCTAOCCTAACATGA
3954 GGGCAGGACACACACACACACACACACOCT TTGATCTCAGTCT T TAGACAAGT TTATAAAG TTCTGGA TAAAAAGOCAAGGGTAGTGGTACATGOCTGCAACOCTAGCACT TGGGAGGCA
4074 GAGGCAGGAGAATCAGGAGT TCAAGGOCAATTATCT TG TCTGTATAGCAGGGT TTAGAAATAACCTGAGTTAOGTGAG TOOCT TOCAAAAAAAAAATCAGGATAAAAATTATGTGTOCAT
4194 TCTAGAGOCATAGGACTTCTTOCTAAT TCTAGACTCTOUCATGG TAAGCAGAGCOC T TAGAGACCTAAGGAGGCT ACT TCTTGG TGGCATTACAAACTCAGATATTACOCAGTTTCTCAAC
4314 ATAOCACOCAGATOCAGCT TAGGCAAGGTCATACT TTTTCICTTGGT TATGCTOOCATCTAACTACTCTOCTGT TGTATACCT TCA'

4434 CATATGATCAAAACCCAACCATATTOCAGGGATTCATGGTATT TGGTAGATGGTAAAAAGCAAQCOCTOOCAAAT TACAAAGTOCTGGCATT TCAGCAGTGGOCATTGATAATCACATAG
4554 GT; TTCAAAA \TTCTTCTTCTTTGOCAAAGTAQCTGTA

TAGGAGATTAT TATCT TGATGTGTCTTGAATTGTAGCAAA”

4 T/ AGGACTTTGACAAAGTAGTGT
4794 OCAGTCATAGTOOCTCACCTTTAGAAT TGTGTCTCTGT T TCTOOCTCTCTC TG TGGOOCT TTCTGACT AGATOCTCATCTGAAGACACAATCTAGGAAGATCTAGTTGGGCATT TCTAGT
4914 AGTGGTTOGAATOCT TATT TGATCATCAGTATAGT TTGAGGGACTG T TGCTGOCT TOCATG T T TC TG TCTGTGAT TTGT T TCAAAAATA TOOGCTGGOCAGATGCATAGCTACTCTOCTG
5034 T TGATTOCATTCTAGGGACAACAGTATAAGCT TAGTAATCATT TGT TCT T TICT T TTT
5154 ATCTACTATTATCTATCATCTATCTCTCTACTTATCTGTCATCTATCTCTATCTATCTCCTGT T T TOCACTOC T TACTAGACACTCAAAGGAT TAATAAT TTTGGATTGGAAGTCAAGCA
5274 TCAGAAGTTOGGTTTGCATGGTGT, ATTACAAGTGGTGGA TAAGGATGGAGAACAGGGATGGAAAATOOCAGAAGAAACAGCAGAGG
5394 AGAGGCTTAAAGGCAGCTAAAACTAAAAGOCT TAAACAACT TCAGAGAAAAGTGGCACAT TTGOCAAAAGAATG T TTATOCT TGAAGACATAAAAGAACTTGGOCTGA

514 GGAACAGAGQOOOCT; ACTTTCACTGTACTCAGOOOOCAACOCTATCTOCTAQCTOCAOCTAGACCTGCT TACAT TGGACTGOGAATC TAAAT TGGGAGGGAGTCT
5634 TTACTTAAATAATTGGAATTTAAATCACAAAGT TTAGGGAACGTGTGAC TCTT TCAOGCAQOCTCATAAAGT/ mmnmmmummmumﬂm
5754 TTTTATTCATITTTACTAGATTOCTTCTAAAATGE TTTACATGGTAAAT TG T TAAGC TG TGGAAAOCAC TGAAGG TGCTTATTAATGGT TCTOCAGATG TATACAAGTATTGGATGATTC
5874 CTCAAGTTTACAGCTGTACAAATATTAGTGCAGAAMAMATAATTAAMATACAACTG TTAAAAATAAAAAMAAAAAMAAAAAAAAA

Figure 3. Nucleotide sequence of the composite entactin cDNA and the derived amino acid sequence. Numbering of the amino acid sequence
begins at the NH, terminus of mature entactin, as determined by direct protein sequencing. An arrow indicates the signal peptide cleavage
site. The two potential N-linked glycosylation sites are underlined and cysteine residues are marked with stars. The ATTAAA sequence
that may serve as the polyadenylation signal is underlined with a double line, and the RGD tripeptide is boxed.
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the sequence ATTAAA was found to be much less efficient
than the canonical AATAAA motif in promoting cleavage
and polyadenylation in one set of experiments, it occurs up-
stream of the poly(A) addition site in 12% of mRNAs (53).

The open reading frame encodes a 1,245-amino acid poly-
peptide with an unglycosylated M, of 136,500; this is close
to the M, of 143,000 estimated for the in vitro translation
product of entactin mRNA (15). The NH, terminus of ma-
ture entactin was determined to be LNXQELFPFGPG by
Edman degradation, and this agrees with the sequence of
residues 1-12. The sequence of the first 28 residues (—28 to
—1) is characteristic of a signal peptide (50), which predicts
that the mature entactin polypeptide has an unglycosylated
M, of 133,500 and consists of 1,217 amino acids. The se-
quences of residues 1-10, 204-212, 298-307, 351-360, and
621-630, with the exception of two amino acids, match the
NH,-terminal sequences of intact nidogen and its 130-, 100-,
80-, and 40-kD proteolytic fragments, respectively (41),
confirming that entactin and nidogen are identical proteins.
Secondary structure analysis of the deduced entactin amino
acid sequence predicts that the polypeptide has no extended
a-helical structure and consists primarily of B-sheet, B-turn,
and random coil structures, consistent with circular dichro-
ism measurements (41).

Entactin possesses both N- and O-linked oligosaccharides
(29, 49), and two potential sites for N-linked glycosylation
(N-X-S or T) are found in the entactin sequence. Sites for
the addition of N-acetylgalactosamine to serine or threonine
residues do not appear to have a simple consensus sequence,
and it is believed that O-glycosylation occurs on clustered
serine and threonine residues in exposed, proline-rich re-
gions of the polypeptide (25). A number of sites that meet
these criteria are present in entactin (for example, residues
5772, 138-142, 281-288, 547-556, and 965-984). Another
posttranslational modification of entactin is tyrosine O-sulfa-
tion (42). Tyrosines at residues 262 and 267 appear to be the
most likely sulfate acceptor sites since they are surrounded
by acidic residues, a common feature of tyrosine sulfation
sites (31).

When the sequence of the 1,326-bp rat AlE insert was com-
pared with that of the mouse cDNA, it was found that the
overlap began at nucleotide 282 in the mouse sequence and
diverged after nucleotide 1,250. The final 354 nucleotides of
the rat clone apparently represent either an intron or a clon-
ing artifact, and the first 972 nucleotides are derived from
near the NH, terminus of entactin, not the COOH terminus
as reported originally (15). The overlapping mouse and rat
sequences are 94% identical at the nucleotide level (not
shown) and 93 % identical at the amino acid level (Fig. 4).

Possible Cell- and Ca**-binding Properties of Entactin

Inspection of the entactin sequence revealed the presence of
the tripeptide RGD (residues 672-674), located in a cys-
teine-rich domain of the molecule (see below). The RGD se-
quence is the cell recognition site of a number of adhesive
proteins (45), which led us to investigate whether this se-
quence in entactin possessed cell-binding activity. Cell attach-
ment assays were performed using the synthetic undecapep-
tide SIGFRGDGQTC, corresponding to residues 668-678.
When coupled to BSA-coated petri dishes the peptide
promoted the attachment of MMT cells in a dose-dependent
manner, and 90-100% attachment was obtained at concen-
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rat EFHPGTFPPSFGSVAPFLADLDTTDGLGNV

mouse Y- mem e 92
rat YYREDLSPFIIQMAAEYVQRGFPEVSFQPT

mouse = s=sooo- s mssse s e e—e——eo—eoo 122
rat SVVVVTWESMAPYGGP SGSLVEEGKRNTFQ

mouse = —--=----- Vom—m—em S-PA----v-—-- 152
rat AVLASSNSSSYAIFLYPDDGLQFFTTFSKK

mouse = mm===—c-——————-oe Eemmmmmmmnem - 182
rat DENQVPAVVGF SKGLEGFLWKSNGAYNIFA

mouse ==§---r-mmmmm—- Vomm e oo 212
rat NDRESIENLAKSSNAGHQGVWVFEIGSPAT

mouse = = Sesooossssese s ——e——————eoa—oe 242
rat AKGVVPADVNLDVDDDGADYEDEDYDLQTS

mouse = ----- S--mm—- Lo---emmmmmm oo v-- 272
rat HLGLEDVATQPFPSHSPRRGYPDPHNVPRT

mouse = -—---—---- el R bl I 301
rat LAPSYEATERPHGIPTERTKSFQLPVERFP

mouse -§-G--~--~-R-V---~-R-=----A~-=-- 331
rat QKHPQVIDVDEVEETGVVFSYNTGSQQTCA

mouse ~H----mmm e 361
rat NNRHQCSVHAECRDYATGFCCRCV

mouse = To-sss-soooo-sssse——---oe 385

Figure 4. Comparison of rat and mouse entactin sequences. The
deduced amino acid sequence of nucleotides 1-972 of the rat AlE
cDNA (15) are compared with the sequence of residues 63-385 of
mouse entactin. Dashes indicate residues that are identical in both
species, and an asterisk marks an extra amino acid present in rat
entactin. The rat sequence includes changes found after publication
of the original sequence.

trations >5 pg per plate (Fig. 5). The entactin sequence also
contains two potential Ca**-binding sites, DLELEAGDD-
VVS (residues 15-26) and DVNLDLDDDGAD (residues
250-261). The first, third, fifth, ninth, and twelfth positions
have oxygen-containing residues that can coordinate with
Ca** (34). Binding of “*Ca?* to nitrocellulose-blotted entac-
tin has been observed (unpublished observations). Second-
ary structure analysis predicts that the Ca’*-binding sites
are not in the EF-hand conformation typical of the Ca**-
binding sites of intracellular Ca?*-binding proteins (34), but
nonEF-hand Ca?*-binding sites are found in extracellular
proteins such as thrombospondin (36).

Cysteine-rich Repeats in Entactin

Mature entactin contains 48 cysteine residues located mainly
in three clusters, and most of the cysteines are organized into
an EGF-like repeat pattern of ~40 residues, with six cys-
teines in conserved positions in each repeat (Fig. 6 A). The
sequence of 12 other positions in the repeat unit is also con-
served, and a consensus sequence can be derived. The six
cysteines in each repeat probably form three disulfide-
bonded loops, as in EGF (8). Single copies of the EGF-type
repeat occur between residues 358-395 and at the COOH
terminus, and four copies, one of which contains the RGD
tripeptide, occur in tandem between residues 640-816. Im-
mediately after there is a stretch of 75 residues (817-891)
containing six cysteines that do not conform to the EGF
pattern. A computer search of the GenBank and Protein
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Figure 5. Attachment of MMT cells to a synthetic peptide contain-
ing the RGD sequence of entactin. MMT cells were plated on petri
dishes coated with 0.2-20 pg of the synthetic peptide SIGFRG-
DGQTC (residues 668-678), and percent attachment was measured
as described in Materials and Methods. Each point is the average
of duplicate dishes. The data shown are from a representative ex-
periment. Greater than 100% attachment is sometimes observed,
due to experimental variability.

Identification Resource databases revealed that this segment
is similar to a cysteine-rich repeat motif found in thyroglobu-
lin, the precursor of thyroid hormone (Fig. 6 B). Residues
844-891 of entactin are 51% identical to residues 29-75 of
bovine thyroglobulin (38).

Homology to the LDL Receptor and the EGF Precursor

In addition to containing cysteine-rich repeats similar to
those found in EGF, a region near the COOH terminus of en-
tactin shows homology to a cysteine-poor segment of both the
EGF precursor (23) and the LDL receptor (55). Over a
stretch of 192 amino acids (residues 953-1,144) entactin is
31% identical to residues 523-714 of the mouse EGF precur-
sor and 32 % identical to residues 411-608 of the human LDL
receptor (Fig. 7). There are also sequence similarities in the
EGF-type repeat units after this segment in all three proteins
(not shown). Besides the sequence homologies in this re-
gion, the three polypeptides display some similarities in the
organization of their EGF-type repeats (Fig. 8).

Model for the Structure of Entactin

Electron microscopy shows that entactin has an asymmetric
dumbbell shape, consisting of two globules of 38 and 85 kD,
separated by a 17-nm stalk of 27 kD (40). On the basis of this
and analysis of the amino acid sequence, one can predict the
existence of at least three domains in entactin, diagramed in
Fig. 9. The estimated positions of the major proteolytic frag-
ments in the intact molecular are also indicated. Domain 1
(residues 1-639, 70 kD) probably corresponds to the larger
globular domain, and it contains one of the EGF-type re-
peats, the Ca**-binding sites, and the tyrosine sulfation site.
Upon further structural and functional analysis, this domain
may be divided into several subdomains. The sequence sur-
rounding the NH, terminus of the 100-kD proteolytic frag-
ment is rich in prolines and charged residues, and this seg-
ment may be more exposed and accessible to proteases. The
cysteine-rich domain II (residues 640-889, 28 kD) contains
four EGF-like repeats, one thyroglobulin-like repeat, and the
putative cell-binding site, and it forms a disulfide-bonded
stalk connecting the globular domains. The smaller globule,
domain III (residues 890-1,217, 36 kD) has the EGF precur-
sor/LDL receptor-homologous region, and one EGF-type

A 1. 358-395 ¢ t[c]a N N R H Qfc] svnAz’aRDvA'rG Fc[clrlclvanyrenNGrRQ [C]
2. 640-681 N P|clYy 16T HG|c psNaalclrRpeererarrTiclelc/[stcFrReDGQT jclrp
3. 682-729 DE|C{SE QP 5 R|C cNHAaviclNNLPGT FRlclEjclvEcGYrnFspRGTclvAAEDOQREP T
4. 730-773 nNylclereLunfclprrporAaqicltyMGcGessyrc|siclLPcFSGDGRA |C[RDV
5. 774-816 D E|C a1 s Rrlc HPDAF|CYNTPGS Fr|clojclkpPeYyoGepeFR [clMPGEVSK
6.1182-1217 N Y|C[S V N N G G[C THLlcltpTPGS RrT|CRlc[eDNTLGVD cliERrRK
Consensus d o4 [of a [} pgt f t|C C g f gdg [
n 3 y
EGF P 879-920 D E[C[VLARSD|C) PSTSSR|ICINTEGG YvV|cRc[sEGYEGDGIS |¢[FpI

HILGAAGGADAQRPTLQQ

RAFLKRED

B EN 817-854 TRCQLB
¢  13-39 R P|C{E|L|Q

G

EN 855-891 v CWCVDRIDGRE|LEIGS

PTIQCIHHSTGY
TVIQCIGKDGAS

TG 40-75 Q CWCVDIAID GREJVP|IGS

R

R

M F|V P QC|D[E[Y[G|H Y
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PGMRPP|ICLS

GRPARA CLS

Figure 6. Cysteine-rich repeats in entactin. (4) EGF-type repeats. The sequences of the six EGF-type repeats were aligned by inspection,
and the six cysteine residues in each repeat are boxed. Below is a consensus sequence that includes residues found in the same position
in at least three of the repeats. The sequence of one of the EGF-like repeats in the mouse EGF precursor (23) is shown for comparison.
(B) Thyroglobulin-like repeat. Residues 817-891 of entactin were aligned with residues 13-79 of bovine thyroglobulin (7G) (38). Residues
that are identical in both proteins are boxed.
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EN 953 nvayE]T@l@EPSIGSHGEP
EGF P 523 ESK[VFAQTALKWIE NHGSQR
LDL R 411 TEVASNR Y@ spjLElorMlIcsTQEDRAHGY
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EN 1049 ENRDN TSHHDGTNRIQD
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1DL R 511. TPAE(] KKGGILN[G/viDjT ¥y SV TE

EN 1099 T [H] cLfNlpaQPG KV[EIGL QY AV
EGF P 668 stv MA LDSK RLIQND v G I
LDL R 560 KL@S ss1DVNGIGNRIKT I[MEDEKRLA s

repeat. The disulfide-bonded regions appear to confer pro-
tease resistance, as the NH, termini of the 80 and 40 kD
fragments occur just before two of the cysteine-repeat units.

Discussion

The complete primary structure of mouse entactin has been
determined from cDNA sequencing, and many of the fea-
tures predicted from the deduced amino acid sequence are
consistent with data obtained from other experimental ap-
proaches. The results presented in this report suggest new
properties for entactin, such as cell- and Ca**-binding, and
reveal the multidomain organization of the molecule. The
availability of the entactin sequence should stimulate further
investigations on its contribution to basement membrane
function and assembly.

Entactin appears to be a mosaic protein that may have
evolved by “exon-shuffling” and acquired segments from
other genes. The cysteine-rich EGF-type repeats found in en-
tactin occur in a wide variety of extracellular proteins such
as growth factors, receptors, developmental gene products,
extracellular matrix proteins, and proteins of the coagula-
tion, fibrinolytic, and complement systems (5, 13, 44). The
Bl and B2 chains of laminin possess cysteine-rich repeats
that show some similarity to EGF, but they contain eight
cysteines per repeat instead of the usual six (14, 47). The
EGF-like units are believed to be involved in receptor-ligand

——100 residues Homologous

Region
[ |

NH,—————— O (T T T ———{J COOoH

Entactin

EGF Precursor NH,—— 11— HTTH}—— COOH

LDL Receptor NH, 0000000 T H———{1F—— COOH

Figure 8. Organization of the cysteine-rich repeats in entactin, the
EGF precursor, and the LDL receptor. Open boxes represent the
EGF-type repeats. The hatched box represents the thyroglobulin-
type repeat found in entactin. The diamonds represent the ligand-
binding cysteine-rich repeats in the LDL receptor; these have a mo-
tif that is also found in complement component C9 (13).
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Figure 7. Homology of entac-
tin to the EGF precursor and
the LDL receptor. Residues
953-1,144 of entactin were
aligned with residues 523-714
of the mouse EGF precursor
(23) and residues 411-608 of
the human LDL receptor (55)
by inspection, after the align-
ment of the latter two se-
I quences by Yamamoto et al.
(55), by introducing only one
ME additional gap. Identical resi-
F M dues are boxed. This segment
N appears to contain four copies
I of a repeat unit with the con-
sensus sequence [ Y W T D
I X GX2RX ocPXGIX;
F D X;s.

interactions; both EGF and the EGF-like domain of uro-
kinase-type plasminogen activator bind to cell surface recep-
tors (2, 8). One of the EGF-type repeats in entactin may be
involved in cell-binding and the functions of the other five
remain to be determined. Entactin also contains one copy of
a cysteine-repeat motif that occurs 10 times in each 330-kD
thyroglobulin monomer (38); the significance of this is not
known.

The COOH-terminal globular domain of entactin shows
homology to a region found in both the LDL receptor and
the EGF precursor, indicating that these three functionally
dissimilar proteins share a common ancestral precursor. In
vitro mutagenesis was used to delete this domain in the LDL
receptor, along with the three flanking EGF-like repeats, and
the mutant receptor was unable to bind LDL, to recycle after
binding B-very low density lipoprotein (B-VL.DL), and to re-
lease B-VLDL at acid pH (12). Since the ligand-binding site
of the LDL receptor is located in the NH; terminus (see
Fig. 8), one function of this domain in entactin may be to
modulate the binding properties of other segments of the
molecule.

NH; [ Tl RIRBA T8 COOH
r T T T T T Y T T T T T 1 Residue
o 200 400 600 800 1000 1200 Number
130kD
100kD
80kD

40kD

Figure 9. Structural domains in entactin. The numbered boxes rep-
resent the six EGF-like repeats (Fig. 6) and the hatched box rep-
resents the thyroglobulin-like repeat. Domains I and III probably
comprise the large and small globules, respectively, seen in the
electron microscope (40) and domain II forms the stalk connecting
them. The positions of the 130-, 100-, 80-, and 40-kD proteolytic
fragments of nidogen are shown. The precise NH, termini are
known from protein sequencing (41); the COOH termini were esti-
mated from the sizes of the fragments as determined by SDS-PAGE.
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A role for entactin in cell-extracellular matrix interactions
is suggested by the discovery of the RGD sequence in one
of the EGF-type repeats, and we have demonstrated that a
synthetic peptide derived from the RGD site of entactin has
cell-binding activity. Although it is possible that cells may
attach to the peptide via receptors for other RGD-containing
proteins such as fibronectin and vitronectin, we have found
that entactin itself promotes cell adhesion, and attachment to
entactin is inhibited by RGD-containing peptides (Chakra-
varti, S., and A. E. Chung, manuscript in preparation). In
another study, anti-entactin antiserum partially inhibited the
attachment of epidermal cells to the M1536-B3 matrix (1).
Laminin has two distinct cell-binding sites apparently recog-
nized by different receptors, one located in a proteolytic frag-
ment consisting of the intersection of the three short arms of
the cross (fragment 1), and another located in a fragment de-
rived from the long arm (fragment 8) (3, 21). The fragment
1 cell-binding site has been mapped to a sequence located in
one of the cysteine-rich repeats in the Bl chain (22). Binding
of entactin to laminin may provide a third cell-binding site
in the complex, or it may mask the fragment 1 site; cells pos-
sessing only fragment 1-specific receptors did not attach to
the laminin-entactin complex (3). Adhesion of cells to RGD-
containing proteins is mediated by a class of heterodimeric
cell-surface receptors known as integrins (45), and an entac-
tin-specific receptor might possibly be a member of the inte-
grin family.

The laminin-entactin complex has been reported to bind
16 Ca?* ions (39), and our results indicate that at least two
of the Ca2-binding sites may be present in entactin. In ad-
dition to the calmodulin-type Ca**-binding loops identified
in the entactin sequence, other possible sites for Ca*-bind-
ing are the EGF-type repeats. Several of the blood coag-
ulation proteins have EGF-like domains containing B-hy-
droxylated aspartate or asparagine residues that have been
correlated with Ca**-binding (44). The third and fifth EGF-
type repeats in entactin fall into the type C group of EGF-like
sequences described by Rees et al. (44), as they contain
asparagine residues (residues 699 and 789, respectively) lo-
cated in a postulated consensus site for B-hydroxylation.
Ca? promotes the self-aggregation of laminin (39, 56), and
the laminin-entactin complex can be efficiently extracted
from basement membranes using EDTA-containing buffers
(40). Another Ca?*-binding protein, SPARC/osteonectin/
BM-40, is a component of basement membranes (19). These
observations suggest that the assembly and stabilization of
basement membranes involve Ca?*-dependent interactions
between the various protein constituents.

Knowledge of the entactin sequence will facilitate attempts
to map the sites on the molecule involved in binding to other
extracellular matrix components. By electron microscopy
the laminin-binding site of entactin was localized to one of
the globular domains, but it was not possible to determine
which one (40). The 100-kD fragment of entactin, but not
the 80-kD, was found to possess binding activity for laminin,
fibronectin, and type IV collagen (18). Fig. 9 shows that the
100-kD fragment loses mass at both ends to generate the 80-
kD fragment, so the binding site cannot be determined more
accurately. By analogy with the LDL receptor, however, the
ligand binding activity of entactin may be located in the
NH,-terminal domain. During the purification of entactin,
exposure to denaturants causes a loss of affinity for laminin
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(18, 40), and studies on the interaction of entactin with lami-
nin and other matrix molecules will require entactin in its na-
tive conformation.

Although laminin and entactin are present as an equimolar
complex in basement membranes (17), their synthesis is not
coordinately regulated (11, 15, 17, 54). Moreover, the level
of entactin protein does not always correlate with the level
of its mRNA; during the retinoic acid induced differentiation
of F9 cells the amount of entactin increases modestly (7, 11,
17) while entactin mRNA levels increase to 2 much greater
extent (15). Isolation of a nearly full-length entactin cDNA
is the first step in analyzing the structure of its gene and iden-
tifying the transcriptional regulatory elements. The contri-
bution of posttranscriptional, translational, and posttransla-
tional mechanisms to the control of entactin gene expression
will also need to be explored.
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