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versican
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The primary structure of a large chondroitin sulfate
proteoglycan expressed by human fibroblasts has been
determined. Overlapping cDNA clones code for the entire
2389 amino acid long core protein and the 20-residue
signal peptide. The sequence predicts a potential
hyaluronic acid-binding domain in the amino-terminal
portion. This domain contains sequences virtually
identical to partial peptide sequences from a glial
hyaluronate-binding protein. Putative glycosaminoglycan
attachment sites are located in the middle of the protein.
The carboxy-terminal portion includes two epidermal
growth factor (EGF)-like repeats, a lectin-like sequence
and a complement regulatory protein-like domain. The
same set of binding elements has also been identified in
a new class of cell adhesion molecules. Amino- and
carboxy-terminal portions of the fibroblast core protein
are closely related to the core protein of a large
chondroitin sulfate proteoglycan of chondrosarcoma cells.
However, the glycosaminoglycan attachment regions in
the middle of the core proteins are different and only the
fibroblast core protein contains EGF-like repeats. Based
on the similarities of its domains with various binding
elements of other proteins, we suggest that the large
fibroblast proteoglycan, herein referred to as versican,
may function in cell recognition, possibly by connecting
extracellular matrix components and cell surface
glycoproteins.
Key words: chondroitin - dermatan sulfate proteoglycan/
complement regulatory protein-like/epidermal growth factor-
like/hyaluronic acid/lectin

and partial sequences for its homologs from bovine (Oldberg
et al., 1987) and chicken cartilage (Sai et al., 1986) have
been deduced from cloned cDNAs. The core protein contains
at its amino-terminus a hyaluronic acid-binding motif and
close to its carboxy-terminal end is a lectin-like domain that
has been shown to interact with monosaccharides such as
fucose and galactose (Halberg et al., 1988).
A partial amino acid sequence is known for a large fibro-

blast proteoglycan that also contains a lectin-like domain
(Krusius et al., 1987). Unlike the cartilage proteoglycan,
the fibroblast proteoglycan includes two epidermal growth
factor (EGF)-like repeats immediately amino-terminal of the
lectin-like domain. These intriguing structural features
encouraged us to complete the sequencing of the core protein.

In this paper we describe the cDNA sequence coding for
the entire core protein of the large fibroblast proteoglycan.
The sequence reveals a mosaic structure that is more complex
than that of the large cartilage proteoglycan and shares
structural motifs with two groups of adhesion molecules that
participate in lymphocyte homing. We propose the name
versican from 'versatile' and 'proteoglycan' for this proteo-
glycan.

Results
Versican cDNA clones and predicted amino acid
sequence
Screening of a placental library resulted in the isolation of
six overlapping cDNA clones (Figure 1) that together with
the previously described clones IA, 4A and 2B (Krusius
et al., 1987) cover the entire coding sequence of versican
(7227 bp) as well as 266 bp of 5' and 731 bp of 3' flanking
sequence (Figure 2). The deduced 2409-residue polypeptide,
including signal sequence, has a molecular weight of
265 048. The amino-terminal 20 amino acids form a typical
secretory signal sequence with a putative cleavage site
between Ala-20 and Leu-21 (von Heijne, 1986). This site

Introduction
Proteoglycans are a heterogenous group of proteins that are
characterized by their content of glycosaminoglycan
(Ruoslahti, 1988). Large aggregating proteoglycans that
carry primarily chondroitin sulfate side chains are present
in the extracellular matrix of a wide variety of tissues
including cartilage, aorta, skin, tendon, placenta and brain
(for reviews see Poole, 1986; Heinegard and Sommarin,
1987). The sizes of their protein cores range from 200 to
400 kd and, depending on the tissue origin, they may contain
up to 100 chondroitin sulfate (or dermatan sulfate) side chains
covalently attached to the core protein. These large proteo-
glycans are likely to play a role in cell -extracellular matrix
interactions, as their core proteins bind to hyaluronic acid
and contain potential binding sites for other molecules.
The complete amino acid sequence of the large aggregating

proteoglycan from rat chondrosarcoma (Doege et al., 1987)

©IRL Press

5'

8-cc cr a: r cr c
8 8

wu

F
E
D
C
B
A
1A
4A
2B

0 1 2 3 4 5 6 7 8 kb

Fig. 1. Localization and nomenclature of the overlapping cDNA clones
coding for versican.
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Fig. 2. cDNA and deduced protein sequences of versican. The arrow indicates the putative signal cleavage site, dots mark cysteine residues and

triangles show potential N-glycosylation sites. Serine-glycine and glycine-serine sequences are underlined. Serine in position 371 (codon AGT) is

substituted in clone E by threonine (codon ATT).

is in agreement with the (-3,-1) rule (von Heijne, 1986).
The sequence immediately upstream of the ATG start codon
conforms with the consensus sequence for translation
initiation in eukaryotes (Kozak, 1984).
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The core protein of versican is rich in glutamic acid, serine

and threonine residues. It is highly negatively charged with

a calculated pl of 4.2. There are a total of 34 cysteine

residues in the mature protein. They are exclusively located
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Fig. 3. Comparison of the link protein-like sequence of versican with corresponding domains in other proteins. Amino acid sequences of versican
(residues 36-348) are aligned with the large cartilage proteoglycan domain 1 (LCPG1, residues 42-351) and domain 3 (LCPG3, residues
486-684) (Doege et al., 1987), chicken link protein (LINK, residues 53-352) (Dedk et al., 1986) and CDw44/gp9OHcrmes (CDw44, residues
32- 119) (Stamenkovic et al., 1989). Link protein loops A, B, B' are compared separately. Residues matching with the versican sequence are shaded
in the background.
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Fig. 4. Putative glycosaminoglycan attachment sites of versican. Comparison with sites in collagen type IX (Huber et al., 1988), syndecan (Saunders
et al., 1989) and decorin (PG-40, Krusius and Ruoslahti, 1986). Shaded boxes mark residues conforming with the corresponding consensus

sequences.

in the amino- and carboxy-terminal domains. Cysteine is
absent over a stretch of almost 1700 amino acid residues
in the middle of the core protein.
The versican core protein contains 20 potential N-glycosyl-

ation sites, and a series of serine- threonine clusters (22 sites
with three and more consecutive serine or threonine residues)
which may serve as acceptors for 0-linked carbohydrates
(Tomita et al., 1978).

The amino-terminal domain of versican is similar to
hyaluronic acid-binding proteins
The amino-terminal domain (residues 36- 348) of the
versican core protein is similar to the three loop structure
of link protein (Deaik et al., 1986; Doege et al., 1986; Kiss

et al., 1987) and to the link protein-like sequences in the
large cartilage proteoglycan (Doege et al., 1987) (Figure 3).
The amino acid sequences of the B and B' loops, which are
known to mediate the hyaluronic acid binding of link protein
(Goetinck et al., 1987), are especially well conserved.
Moreover, CDw44/gp9oHe,es, which is thought to be
involved in lymphocyte homing, contains a link protein
B-loop domain with 30% amino acid sequence identity to
versican (Goldstein et al., 1989; Stamenkovic et al., 1989).
On the carboxy-terminal side of the link protein-like

sequence is an 200-amino acid domain containing two
cysteines and an unusual cluster of glutamic acid residues
(EENEEEEEE). This region is followed by the glycosamino-
glycan attachment domain.
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Fig. 5. Amino acid sequence comparison of complement regulatory protein-like domain of versican and other proteins. Residues 2306-2366 from
versican were aligned with sequences from the large cartilage proteoglycan (LCPG, 2038-2098) (Doege et al., 1987), complement factor H (CF H,
1111-1169) (Kristensen and Tack, 1986), complement C4 binding protein (C4bp, 188-247) (Chung et al., 1985), complement factor B (CF B,
75-134) (Mole et al., 1984), ELAM-1 (218-279) (Bevilacqua et al., 1989), MEL-14 (156-2 17) (Siegelman et al., 1989) and GMP-140
(280-341) (Johnston et al., 1989). Shaded boxes mark residues matching with the versican sequence. The consensus motif includes residues identical
to versican in all (upper case letters) or in more than half (lower case letters) of the compared sequences.

Glycosaminoglycan attachment domain
The region between amino acid residues 559 and 1654
contains a series of serine-glycine or glycine-serine
sequences (Figure 4) that are similar to the chondroitin
sulfate attachment site in collagen type IX (Huber et al.,
1988). These sequences are likely to carry one, or in the
case of the sequence between residues 1335 and 1339 two,
glycosaminoglycan chains attached to serine residues.
Furthermore, two sites that are similar to the consensus
glycosaminoglycan attachment sequence, SGXG, in various
small proteoglycans (Bourdon et al., 1987) are located in
this domain. Versican contains 16 additional serine -glycine
or glycine-serine sequences. However, they show little
similarity with known chondroitin sulfate attachment sites.
Finally, 17 serine-threonine clusters and 10 potential
N-glycosylation sites are located in this domain.

Carbohydrate-binding and protein interaction domains
at the versican carboxy-terminus
Versican has previously been found to contain two EGF-
like repeats (residues 2103 -2178) and a lectin-like domain
(residues 2179-2305) (Krusius et al., 1987). Further
analysis of the published amino acid sequence reveals a
previously unrecognized domain in the carboxy-terminal
portion of the core protein (residues 2306-2366). This
domain is similar to the repeats in the complement regulatory
proteins murine factor H (Kristensen and Tack, 1986) and
human C4 binding protein (Chung et al., 1985) as well as
complement factor B (Mole et al., 1984) (Figure 5). The
similarities between the versican domain and the most
homologous repeats in these complement proteins vary
between 25 and 34% identity. The carboxy-terminal end of
the cartilage proteoglycan contains the same motif. It shows
the highest similarity with versican (61 % over 61 residues).
The complement regulatory-like sequences in LEC-CAMs
(Lectin, EGF, Complement-Cellular Adhesion Molecules)
(Stoolman, 1989), which include GMP-140 (Johnston et al.,
1989), ELAM-1 (Bevilacqua et al., 1989) and MEL-14
(Lasky et al., 1989; Siegelman et al., 1989), are also related
to this versican domain.

Discussion
Based on our sequence analysis of the versican cDNA clones,
we propose a structural model for this proteoglycan, in which
the core protein contains seven distinct domains (Figure 6).

Among these domains are four potential binding elements
that may be involved in interactions among extracellular
matrix molecules and between cells and extracellular
matrices. These domains are a link protein-like sequence at
the amino-terminal end and EGF-like, lectin-like and
complement regulatory protein-like domains at the carboxy-
terminal portion of the protein core. The intervening
1750-amino acid stretch includes the glycosaminoglycan
attachment domain.
Our sequence analysis shows that versican contains

attachment sites for 12-15 chondroitin sulfate side chains,
20 N-linked oligosaccharide chains and a number of 0-linked
oligosaccharide chains. The presence of 0- and N-linked
oligosaccharides could explain the discrepancy between the
theoretical Mr of the core protein, which is 262 744 daltons
after signal peptide cleavage, and the reported size of
290-400 kd after treatment with chondroitinase ABC
(Johansson et al., 1985; Krusius et al., 1987).

Versican contains 12 repeats of a sequence that are likely
to serve as one type of chondroitin sulfate attachment sites.
The consensus sequence of these repeats is E/DGSGE/D,
in which one amino acid residue (usually one of the glycines)
is variable. This consensus sequence is similar to the
attachment site of the single chondroitin sulfate chain in
collagen type IX (Huber et al., 1988). Three sequences in
the chondroitin-heparan sulfate proteoglycan syndecan
(Saunders et al., 1989) also follow this pattern. Another two
sites of versican belong to the SGXG glycosaminoglycan
attachment signal previously established in a group of small
proteoglycans (Bourdon et al., 1987). Whether both types
of consensus sequences are recognized by the same set of
glycosylation enzymes has yet to be determined. In versican,
attachment of glycosaminoglycan side chains might be crucial
for maintaining an extended structure that would ensure the
separation of the specific functional elements located at the
ends of the polypeptide. Such a structure has been established
for the cartilage proteoglycan by electron microscopy
(Paulsson et al., 1987).
The globular domain at the NH2-terminus includes a

complete link protein-like structure. The presence of such
a domain in versican agrees with the hyaluronic acid binding
activity reported for what seems to be the same proteoglycan
(Johansson et al., 1985). Versican contains only one link
protein-like domain, whereas the cartilage proteoglycan
includes a second partial link protein-like domain (Doege
et al., 1987). However, electron microscopical data have
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Fig. 6. Structural model of versican. The thicker line represents the core protein and wavy lines illustrate chondroitin sulfate side chains. The
disulfide bonds were assigned based on structures of similar proteins. The organization of the link protein-like hyaluronic acid binding region
(HABR) and glycosaminoglycan attachment (GAG), EGF-like (EGF), lectin-like (lectin) and complement regulatory protein-like (CR) domains of
versican is shown schematically.
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Fig. 7. Comparison of the binding elements in amino- and carboxy-terminal domains of versican with the structural organization of LEC-CAMs and
with CDw44/gp9OHermes. The percent identities to corresponding domains of versican are noted above the depicted domains.

demonstrated that this second domain is not involved in the
interactions of the large cartilage proteoglycan with
hyaluronic acid and link protein (Morgelin et al., 1988). The
B-loops of the link protein-like domain in versican are also
similar to a sequence in the lymphocyte adhesion protein
CDw44/GP9OHennes, which may also bind to hyaluronic
acid (Goldstein et al., 1989; Stamenkovic et al., 1989).
While the link protein-like domains of the proteins

discussed above are only related to the corresponding
versican domain, one published link protein-like sequence
may be identical to it. Short peptide sequences have been
recently reported for a glial hyaluronate-binding protein
(GHAP) isolated from human brain white matter (Perides
et al., 1989). These sequences are virtually identical with
sequences within the amino-terminal domain of versican. The
few differences probably reflect deamidation reactions and/or
sequencing errors. These similarities suggest that GHAP is
a proteolytically processed form of versican and that it

includes the link protein-like portion and the adjacent
glutamic acid rich structure of versican.
The versican sequence adjacent to the link protein-like

domain includes an unusual poly-glutamic acid stretch.
Similar sequences occur in a number of DNA binding
proteins, where they are thought to interact with histones
(LaPeyre et al., 1987; Gronemeyer et al., 1985; Kessel
et al., 1987). A cluster of glutamic acids seems to be
responsible for the binding of the cell adhesion protein bone
sialoprotein to hydroxyapatite (Oldberg et al., 1988).
Whether also versican is present in bone is not known.
The carboxy-terminal portion of versican consists of two

EGF-like repeats, a lectin-like domain and one complement
regulatory protein-like sequence. EGF-like repeats of some
other proteins are known to participate in a number of
protein-protein interactions (for review see Appella et al.,
1988). The two versican EGF-like repeats are closely related
to similar sequences in coagulation factor IX. The factor IX
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repeats are probably involved in the binding to a factor IX
specific cell surface receptor (Rimon et al., 1987) and it
seems possible that versican might also interact with a cell
surface receptor through its EGF-like repeats. A further
possibility is that cell growth may be promoted by these
EGF-like sequences as has been reported for laminin
(Panayotou et al., 1989).
The lectin-like domain in versican may interact with

carbohydrates, as the similar region in the cartilage proteo-
glycan has been demonstrated to bind fucose and galactose
(Halberg et al., 1988). However, the galactose-containing
collagens type I or II did not interact with the lectin-like
domain of the cartilage proteoglycan, suggesting that the
affinities of these proteoglycans may be selective for more
complex oligosaccharides.

Both versican and the cartilage proteoglycan contain at
their carboxy-terminal end a complement regulatory protein-
like domain. This structural element, identified in a number
of proteins, is thought to mediate protein-protein inter-
actions (reviewed in Muller-Eberhard, 1988). However,
versican and the cartilage proteoglycan contain only one of
these structures, whereas other proteins usually include
several repeats of this sequence element.
A proteoglycan similar to versican has been isolated from

developing chicken limb buds (Kimata et al., 1986). The
expression of this proteoglycan, termed PG-M, closely
follows condensation of mesenchymal cells. Binding experi-
ments suggest that it interacts with collagen type I and
fibronectin (Yamagata et al., 1986). These molecules,
therefore, are candidates for ligands of either the glyco-
saminoglycan chains or the various binding elements of
versican core protein.
The carboxy terminal portion of versican contains the same

structural motifs, EGF-like, lectin-like and complement
regulatory protein-like units as a group of cell adhesion
molecules termed LEC-CAMs. The same motifs, albeit in
different order than in versican, are present in the lymphocyte
homing and adhesion molecules ELAM-1 (Bevilacqua et al.,
1989), MEL-14 (Siegelman et al., 1989; Lasky et al., 1989)
and GMP-140 (Johnston et al., 1989).

Figure 7 shows the structural relations of versican, LEC-
CAMs and CDw44/GP9OHe,es. The similarity to adhesive
proteins in the carboxy-terminal portion and the occurrence
of a hyaluronic acid-binding element at its amino-terminus
suggest that versican could also connect hyaluronic acid with
the cell membrane. Hyaluronate forms a coat around many
types of cells, profoundly affecting their adhesive and
migratory properties (reviewed in Laurent and Fraser, 1986).
The sequence information presented here will now allow
exploration of the role of versican in these processes.

Materials and methods
Construction of the random primed cDNA library
Poly(A) RNA was isolated from human placenta by the guanidine isothio-
cyanate method and subsequent chromatography on oligo(dT)-cellulose
(Davis et al., 1986). mRNA (10 Ag) was primed with 0.5 /Ag random hexa-
nucleotides (Pharmacia). cDNA synthesis was carried out by using the
Amersham cDNA synthesis system. Prior to the first strand synthesis mRNA
and primer were heated for 1 min at 70°C and immediately chilled on ice.
Reverse transcription was done at 25°C for 45 min followed by incubation
at 42°C for 1 h. The second strand was synthesized by the RNase H-DNA
polymerase I procedure (Gubler and Hoffman, 1983). Internal EcoRI sites
were protected by methylation with EcoRI methylase (Davis et al., 1986).
Phosphorylated EcoRI linkers (decamer, Pharmacia) were blunt-end ligated

to the cDNA. The cDNA was restricted with EcoRI and size-fractionated
on Sephacryl S-1000; fragments larger than 0.5 kb were ligated to EcoRI-
restricted and dephosphorylated Xgtl 1 arms (Promega). The ligated DNA
was packaged with phage extracts (Gigapack gold, Stratagene). The resulting
library contained 9 x 106 recombinants.

Plaque screening and subcloning
The unamplified cDNA library was screened with radiolabeled 5'-fragments
(random oligolabeling kit, Boehringer) of the previously characterized clones.
DNA of positive clones were isolated, cut with EcoRI and subcloned into
pBluescript KS(+) (Stratagene) Recombinant plasmids were purified by
alkaline lysis (Davis et al., 1986) and CsCI gradient centrifugation.

Double stranded cDNA sequencing
The DNA sequence was determined by the dideoxynucleotide chain
termination method by using Sequenase sequencing kit (United States
Biochemical Corporation) with Bluescript T3 and T7 primers (Stratagene)
or specific 17mer oligonucleotides. The plasmid strands were separated by
alkaline denaturation (1 M NaOH, 1 mM EDTA; 5 min) prior to the
reaction. The entire cDNA was sequenced from both strands and all
sequences were confirmed by unidirectional sequencing of a second
overlapping clone. Internal EcoRI sites were verified by sequencing parts
of the clones in XDNA (Manfioletti and Schneider, 1988). For this purpose,
10 Ag XDNA was heat denatured prior to reaction. Annealing of specific
primers (50 ng) was done for 5 min at room temperature.

Sequence analysis and databank comparisons
Editing and analysis of the sequence was done using MicroGenie (Beckman)
and PCGene (Intelligenetics) software. Sequence comparisons with the
databases Genbank (release 58.0), EMBL (17.0), NBRF/PIR (18.0) and
SWISS-PROT (9.0) were performed on Bionet (Intelligenetics) using the
Pearson-Lipman algorithm (Pearson and Lipman, 1988) with ktup values
of 4 and 1 for DNA and protein analysis, respectively.
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