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Contains a Long Unusual 3" Untranslated Region and Displays Many
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We have isolated cDNAs and completed for the first time the primary structure for a novel
collagenous chain that was partially characterized earlier and named «1(Y) chain
[Yoshioka, H. et al. (1992) Genomics 13, 884-886]. The size of the coding region was
unexpectedly small compared with the length of the mRNA (>10 kb), owing to the presence
of a long 3" untranslated region (>5 kb). The predicted polypeptide contained 1,142 amino
acid residues with a 23-residue signal peptide consisting of 5 collagenous domains of 70-224
residues in length, interspersed and flanked with 6 noncollagenous (NC) domains. The
primary structure is distinct from those of the 32 known collagen ¢-chains of types I
through XVIII. Therefore, we designate this newly discovered collagen chain the ¢1 chain
of type XIX collagen. Sequence analysis suggested that this chain belongs to the recently
discovered group of collagens known as FACITs (fibril associated collagens with inter-
rupted triple-helices). Northern blotting analysis demonstrated hybridization of the cDNA
to a large mRNA species (> 10 kb) extracted from a rhabdomyosarcoma cell line (CCL 136).
We also isolated numerous truncated cDNA clones of which the 3’ parts were different from
the “proto” type of the mRNA of >10-kb size. Sequence comparison between ¢cDNAs and
corresponding genomic DNA fragments indicated that unusual splicing events occurred
through insufficient recognition at acceptor sites. Expression of the gene was extremely
infrequent in the rhabdomyosarcoma cell line; it could be restricted to certain animal
tissues both temporally and spatially during early development.

Key words: COL19A1, FACIT, mRNA splicing, rhabdomyosarcoma cell, type XIX collagen.

Collagen constitutes a large family of extracellular matrix
proteins with distinct tissue distributions and functions. To
date, 18 different types of collagen have been described
with distinct primary structure and function (1-5). The
collagen superfamily can be divided into several subgroups:
the fibrillar collagens (types, II, III, V, and XI), the FACIT
(fibril-associated collagens with interrupted triple-helices:
types IX, XII, XIV, and XVI), the short-chain collagens
(types VIII and X), the basement membrane collagens
(type IV), the multiplexins (proteins with multiple triple-
helix domains and interruptions, XV and XVIII, 5), and
others (types VI, VII, XIII, and XVII). The FACIT are
associated with the major fibrillar collagens (types I or II)
and minor fibrillar collagens (types V and XI), which form
fibrils staggered by 67 nm with different diameters in

! This work was supported by a Grant-in-Aid for Scientific Research
(#03670178) from the Ministry of Education, Science and Culture of
Japan. The nucleotide sequence reported in this paper has been
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Abbreviations: bp, base pairs; COL, collagenous; FACIT, fibril-
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SSC, 0.15 M NaCl, 0.015 M sodium citrate (pH 6.8); NC, noncol-
lagenous; nt, nucleotide(s); RACE, rapid amplification of cDNA ends;
RT-PCR, reverse transcriptional polymerase chain reaction.
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non-cartilaginous and cartilaginous tissues. These fibrils
play important biological roles in interaction with other
matrix components. Members of the FACIT share several
common structural features (7). Namely, they have short
stretches of collagenous (COL) domains interspersed by
non-collagenous (NC) domains. The structure of these
molecules can be divided into functional subdomains. One
domain, which comprises a couple of collagenous regions,
serves for interaction with and adhesion to the fibrils. A
second domain, comprising another collagenous region,
serves as a rigid arm that projects out of the fibril. The third
domain, which is a non-collagenous domain, may serve for
interaction with other matrix components or with cells. In
contrast to the common features of the family, differences
are seen in the size of their molecules and in their tissue-
specific expression. For instance, type IX collagen, which is
the best-characterized molecule of this group, is found in
tissues containing type II collagen such as hyaline cartilage
and the vitreous body of the eye. On the other hand, type
XII collagen, which is another well-characterized member
of this group, is found in dense connective tissues such as
tendons and ligaments where type I collagen exists. The
other two molecules of this group, type XIV (6) and XVI (7)
collagens, were discovered recently and have only been
characterized partially. Type XIV collagen is similar to
type XII molecules in overall structure, having a large
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amino-terminal domain divided into multi subdomains
with homologies to von Willebrand’s factor A-domains,
fibronectin type III repeats, and NC 4 of «1(IX) collagen
chain. Type XIV collagen seems to be uniformly distributed
in adult tissues. However, some differences in tissue
distribution were noted in various developmental stages
(8). Type XVI collagen, which is characterized by a
cysteine-rich motif in its NC domains, is found in human
placental tissues (9).

We (10) and Myers et al. (11) recently reported on the
isolation and characterization of cDNAs encoding a novel
collagenous polypeptide. Sequence analysis suggested that
this polypeptide is a member of FACIT. Interestingly, the
chromosomal location of the gene was fixed at position
6q12-q14, the same region to which the a1(IX) collagen
gene (COL9A1, 12) and «1(XII) gene (COL12A1, 13) were
assigned. Here we present the entire amino acid sequence
of this peptide derived from the analysis of overlapping
¢DNAs. Our results have shown that the coding region is
unexpectedly short relative to the length of the mRNA due
to a long 3’ untranslated region. In addition to cDNA clones
encoding a “proto type” of the chain, we also isolated many
clones that seem to encode forms of the chain truncated at
their carboxy-terminal regions. Comparison of the se-
quences of cDNA and genomic clones has revealed that
these variant transcripts are produced through incomplete
splicing.

MATERIALS AND METHODS

Isolation and Characterization of ¢cDNA and Genomic
DNA Clones—RNA was extracted from human rhabdo-
myosarcoma cell line (CCL 136) by the guanidium thio-
cyanate method (14). cDNAs were synthesized from ran-
dom hexamers and constructed in A gt10 by use of a cDNA
library synthesis kit (Amersham, RPN1256Y, RPN1712,
and RPN1717). For the screening, we carried out prehy-
bridization with 5xSSC [1xSSC, 0.15 M NaCl, 0.015 M
sodium citrate (pH 7.0)], 1% N-laurylsarcosine, and 50
1g/ml salmon sperm DNA at 65°C, 1 h; hybridization with
5% SSC, 1% N-laurylsarcosine, 50 xg/ml salmon sperm
DNA, and labeled probe at 65°C, overnight; and washing
(3xSSC and 0.5% N-laurylsarcosine at 65°C, 15 min,
twice, and 3 x SSC at 65°C, 15 min, twice) (3). A human
genomic DNA library in EMBL-3 (Clontech, HL1067j) was
also used in screening for the genomic DNA fragments
under the same conditions.

Northern Blotting Analysis and the 5’ and 3' RACE—
Poly(A)* RNA was fractionated from total rabdomyosar-
coma cell RNA with an mRNA extraction kit (Japan Roche,
Oligo-Tex). RNAs were electrophoresed on 0.8% agarose
gel under denaturing conditions, blotted onto Hybond N
(Amersham) nylon filters, and hybridized with specific
probes under regular conditions (14).

In order to determine the structure of the 5" end of the
¢DNA, we used 5" RACE as described (15). Four primers
were synthesized for this purpose: primer 1= 5'-GTCATA.-
TGTCAGCTGATG-3’ (the other strand from nucleotide
number 241 to 258 in Fig. 2); primer 2=5"-GTGCCTTGA-
AACCATGTG-3 (the other strand from nucleotide num-
ber 99 to 116 in Fig. 2); hybrid primer=5'-CTGAATTCT-
CGAGTCGAC(T),,-3"; and adapter primer=5"-CTGAAT-
TCTCGAGTCGAC-3'. The first strand cDNA was synthe-
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sized by Moloney murine leukemia virus reverse tran-
scriptase (U.S. Biochemical) from primer 1 with total RNA
used as the template. A stretch of d(A) was added to the
first strand ¢cDNA at its 8 end by terminal deoxynu-
cleotidyl transferase (BIORAD). An aliquot of this material
was used for PCR. The reaction was performed from
primer 2 and hybrid/adapter primer under the following
conditions: 94°C for 140 s, followed by 36 cycles of 94°C, 40
s; 55°C, 1 min; 70°C, 8 min. At the end of the last cycle, the
sample was further incubated at 70°C for 15 min. The
products were electrophoresed in 1.2% agarose gel, blotted
onto Hybond N* (Amersham), and hybridized with the
32P_labeled specific probe (nucleotide number from 10 to
82). For the 3° RACE experiment, we used oligo d(T) for
first strand synthesis and specific primers of a part of KI 50
and KI 51 for PCR. For cloning the PCR products, the TA
cloning system (In Vitrogen) was used.

Nucleotide Sequencing Analysis—Nucleotide sequencing
analysis was performed by the dideoxy chain termination
technique (16) using double-stranded pBluescript II vec-
tors (17). We used the **S-dATP labeling method, the
fluorescence-labeled dye-terminator method, and an ABI
automatic sequencer (373A) as well. For long fragments, a
Kilo-Sequence deletion kit (Takara Biomedicals) using
exonuclease III and mung bean nuclease and specific
primers were utilized for sequencing. For analysis of the 5’
region of the gene, we used the MacVector program (ver-
sion 4.1).

RESULTS

Isolation of the Overlapping cDNAs Encoding the Entire
Novel Collagen Chain—We previously reported the partial
sequence and identification of the chromosomal location of
a novel human collagen chain belonging to the FACIT group
of collagen (10). In order to complete the primary structure
of the chain, we constructed a human ¢cDNA library from
fetal rhabdomysarcoma cell line (CCL 136) RNA and
screened it with a cDNA clone HY 67 as a probe. In the
screening of 1x10° plaques, 19 positive clones were
obtained. Three clones, KI 1, KI 6, and KI 18, which gave
strong hybridization signals were characterized further.
Nucleotide sequence analysis indicated that all three clones
were overlapped with HY 67. One of the clones (KI 6)
extended farther in the 5’ direction, as shown in Fig. 1 and
contained an ATG codon (nucleotides 118-120 in Fig. 2)
followed by a sequence encoding a 23-residue hydrophobic
peptide (nucleotides 121-186). The other two clones, KI 1
and KI 18, which overlapped with HY 67 at its 3’ end, each
contained a different sequence at its 8’ end. The question
here is which 8’ end of the two really encodes the “proto”
type of the chain. So we further screened the same cDNA
library using KI 1 as probe, and isolated clone KI 40.
Similarly KI 50 and KI 51 clones were obtained with KI 40
as the probe. These three overlapping cDNAs contained the
coding region for the collagenous polypeptide. KI 50
encoded a collagenous domain of 70 amino acid residues and
a noncollagenous domain (19 residues) containing two
cysteinyl residues followed by a termination codon and a 3’
untranslated region. The relative position of the two
cysteinyl residues is typical for polypeptides in the FACIT
group. Northern blot analysis of the cDNAs of KI 1, 40, 50,
and 51 revealed the coding region and noncoding region

J. Biochem.
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Fig. 1. The domain structure of the human ¢1(XIX) collagen
chain deduced from nucleotide sequences of cDNA clones and
their partial restriction enzyme map. Amino acid sequence de-
duced from the cDNA sequence allowed the prediction of the domain
structure of the «1(XIX) chain(top of the figure). Numbers of amino
acid residues in individual domains of COL 1 to 5 and NC 1 to 6 are
shown in parentheses. Locations of fourteen cysteinyl residues are
indicated by open circles. Positions of the nine imperfections of the
Gly-X-Y repeated structure are shown by short bars. Signal peptide of

(details mentioned below). Thus, KI 50 seemed to encode
the end of “proto” type of the chain. Furthermore, we
isolated another clone, KI 65, which overlapped with the 3
terminus of KI 50, and ended in a poly A tail. From these
data, we concluded that the composite cDNA (comprising
clones KI 6, a portion of KI 18, KI 40, KI 50, and KI 65)
encoded the “proto” type of the transcript, which re-
presented approximately 9,000 nucleotides (Fig. 1).
Nucleotide and Amino Acid Sequence Analysis of the
Novel Collagen Chain—To determine the complete pri-
mary structure of the new collagen chain, we tried to isolate
at least two independent clones that encoded the same
portion of the polypeptide. Nucleotide sequence analysis of
overlapping cDNA clones for the chain revealed a 142-bp 5’
untranslated region, a 3,495-bp open reading frame coding
for 1,165 amino acid residues, and a 3’-untranslated region
(>5kb). The predicted protein contained a putative 23-
residue hydrophobic signal peptide at the amino terminus

Vol. 117, No. 1, 1995

23 amino acid residues is indicated by the thick bar at the amino
terminus of the chain. Sequences that are not found in other cDNAs
are indicated by dotted lines. When the sequences of KI 18, KI 51, and
KI 40 were compared, an extra sequence of 33 bp, GTGAGTTCAGAT-
TACTTCACATCATTTTCACAGA, was found only in KI 18 (indicated
by the wedge). Location of the poly A tail is shown by AAA. Locations
of the 10 probes for Northern-blotting analysis (in Fig 4) are indicated
by thin bars with the numbers 1 through 10 in parentheses.

(I18) and a 1,142-residue collagenous polypeptide. As
shown in Fig. 2, the polypeptide contained 5 collagenous
domains (COL) of COL 1 to COL 5 (70, 168, 108, 224, 144
amino acid residues, respectively) counting from the car-
boxy-terminus, interspersed and flanked by 6 relatively
short noncollagenous domains (NC), of NC 1 to NC 6. Based
on the sequence, the calculated molecular mass of the chain
without the signal peptide was 112,374 Da.

As found in polypeptides among the FACIT family, the
COL domains contained some imperfections of the Gly-X-
Y repeated structure; two of them in COL 5, four in COL 4,
one in COL 3, and two in COL 1. However, the size of the
COL 1 domain (70 residues), whose sequence was con-
served with other NC 1 domains in the FACIT family, was
rather small (Fig. 2). The NC 6 domain shared high
sequence identity (22-29%) or sequence similarity (74-
80%) with the amino-terminal NC domains of other FACIT
family members: 29.4% identity with the NC 11 domain of
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the human a1(XVI) collagen (7), 28.6% identity with the
NC 4 domain of the human «1(IX) collagen (19), 23.5%
identity with a segment in the carboxy-terminus of the NC
3 domain from the chicken a«1(XII) collagen (20), and
22.4% identity with a segment in the carboxy-terminus of
the NC 3 domain from the chicken «1(XIV) collagen (21)
(Fig. 3). There was no von-Willebrand factor A-like
domain or fibronectin type III-like domain in NC 6.
Fourteen cysteinyl residues, 10 of them in NC 6, 2 in NC 4,
and 2 in the COL 1/NC 1 junction, were found in the chain.
The relative locations of four of the cysteinyl residues in
NC 6 and of the 2 residues in the COL 1/NC 1 junction
separated by 4 amino acid residues are conserved with
those of other FACIT family members. No potential
attachment site for asparagine-linked carbohydrates or
Arg-Gly-Asp sequence was found (Fig. 2).

Northern Blotting Analysis—As shown in Fig. 4, North-
ern blot analysis with poly A" RNA from the rhabdomy-
osarcoma cells demonstrated that the major transcript of
the gene was longer than 10 kb in size (lanes 1-6). The
signals were less intense than the one for the o 1(III) gene
transcript, which is the major collagen species synthesized
by this cell line (lane 11). It is of interest that the Northern
blot showed different hybridization patterns according to
the location of the probes. Nine major species (>10, 6.4,
5.0,4.2,3.4,2.7,2.0, 1.3, and 0.9 kb in size) of transcripts
appeared with the 5 EcoRI fragment of KI 6 as a probe

141

(lane 1), and seven species (> 10, 6.4, 5.0, 4.2, 3.4, 2.7, and
2.0 kb in size) with HY 67 (lane 2). Smaller transcripts
disappeared when we used 3° cDNA fragment probes, and
only one species (> 10 kb) of mRNA was detected with the
3’- HindIII fragment of KI 65 (lane 6). This pattern did not
change when we used higher stringency conditions for
hybridization and washing, suggesting that alternative
splicing, which is often seen in some collagen genes (22,
23), or an incomplete splicing event might occur in the
cells.

In order to examine whether the 3" portions of KI 1 and
KI 18 [(7) and (8), respectively, indicated by the dotted
line in Fig. 1] are derived from the primary transcript of
the gene or are artifacts, we carried Northern blot analysis
further. As can be seen in Fig. 4, certain mRNA species
were detected by these fragments. The longest RNA
species (> 10 kb), which was already recognized as a faint
band in lanes 1-5, hybridized with the 3’ Apal/EcoRI
fragment of KI 1 (lane 7). Further, 4.2 kb mRNA was
detected with the 3" Sau96I/EcoRI fragment of KI 18 (lane
8), 4.2 and 2.7kb species were seen with the FEcoRI
fragment of KI 45 (lane 9), and 6.4 and 4.2 kb species were
found with the HindIII/Smal fragment of KI 51 (lane 10).
Thus, the 3’ portions of these clones detected RNA species,
indicating that they are not cDNA cloning artifacts but
parts of real transcripts. Furthermore, the RNA species
detected by the 3" fragments of cDNAs represent one or a

°
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Fig. 3. Alignment of amino
acid sequences of the NC 6
domain from the ¢1(XIX) col-
lagen chain (position 1) with
the NC 4-like domains of the
other FACIT family. Positions 2,
3, 4, and 5, are the human «1(IX)
NC 4 (19), the chicken «1(XII)
NC 3 (20), the chicken «1(XIV)
NC 3 (21), and the human
a1(XVI)NC 11 (7) domains, re-
spectively. Gaps (indicated by -)
are introduced to obtain the high-
est homology among the se-

the conserved amino acids in all 5
chains. Location of the four cys-
teinyl residues conserved in posi-
tion in all 5 chains is indicated by
closed circles. Predicted S-strand
areas are shaded (32).

Fig. 2. Nucleotide sequence of cDNA and deduced amino acid sequence of ¢1(XIX) collagen chain. The overlapping cDNAs, as shown
in Fig. 1, correspond to a 3,720-bp mRNA that contains 117-bp 5" and 177-bp 3" untranslated regions and a 3,495-bp protein-coding region.
The putative signal peptide (amino acid number 1 to 23) is indicated by an underline. Fourteen cysteinyl residues, the place of insertion of KI
18, and the termination codon TGA are indicated by circled Cs, a wedge, and a small star, respectively. Collagenous Gly-X-Y repeating sequence
is shaded. The beginnings of the sequences which differ from that of “proto” type in KI 30, KI 25/KI 45/KI 49, KI 1, KI 18, and KI 40/KI 51
are indicated by arrows with the circled numbers 1, 2, 3, 4, and 5, respectively (see Figs. 1 and 5). When cDNA sequence and genomic DNA
sequences were compared, several exon boundaries (indicated by arrowheads) were identified.
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few of the multiple RNA transcripts seen in lanes 1-3 in
Fig. 4.

Identification of Genomic Clones and Partial Characteri-
zation of Exon/Intron Structure—We thus confirmed that
the 3’ fragments of these clones just mentioned above were
really present in mature mRNA by Northern blotting
analysis. To define the exon/intron structure in the gene
and to determine whether there is some relationship
between the unique ¢cDNAs and intron sequences, we
isolated several human genomic clones. For this purpose,
we used 3 cDNA clones (KI 18, KI 40, and KI 51) as probes.

Fig. 4. Northern blot analysis of the ¢1(XIX) mRNA. Samples
(8 xg/lane in lanes 1-10, 1 xg/lane in lane 11) of mRNA isolated
from human rhabdomyosarcoma cells were electrophoresed on 0.8%
agarose gels, blotted onto nylon filters, and hybridized with cDNA
probes (lanes 1-10). 5" EcoRI fragment of KI 6 [indicated by “(1)” in
Fig. 1], whole HY 67 fragment [“(2)” in Fig. 1], EcoRI fragment of
KI1/KI51 [“(3)”], EcoRl/BamHI fragment of KI 40/KI51 [“(4)”],
BamHI fragment of KI 51 [“(5)”], and 3" HindIII fragment of KI 65
[“(8)”], were used as probes for hybridization in lanes 1, 2, 3, 4, 5,
and 6, respectively (see Fig. 1). The 3" fragments cDNAs whose
sequences differed from the “proto” type in KI 1 [shown by “(7)” in
Fig. 1], KI 18 [“(8)” in Fig. 1], KI 45“(9)”, and KI 40/KI 51(10)”
were used as probes as well for lanes 7, 8, 9, and 10, respectively. As
a control, cDNA encoding «1(III) was used as a probe for hybridiza-
tion with the same RNA (1.0 xg, lane 11). Note that the largest
transcript is >10kb in lanes 1-6 and that the number of bands
decreases as the probes go in the 3 direction, disappearing from
smaller RNA species.

K. Inoguchi et al.

Three overlapping genomic clones (KIG 12, KIG 23, and
KIG 13) that span more than 25 kb of the human gene were
isolated with the 3’ fragments of KI 18 and KI 40. The
genomic clones were characterized by restriction mapping
and Southern blot analysis. Relevant segments of the
genomic clones were subcloned and sequenced to determine
the exon/intron structure. Five consecutive exons covering
448 bp in the positions of the carboxy-terminal portion of
COL 2, NC 2, and amino-terminal portion of COL 1 were
sequenced (Fig. 5). The size of the 5 exons, named +1 to
+5 from the 5’ end, varied from 36 bp to 171 bp, which
feature is distinct from that of fibrillar collagen genes, but
similar to that of the FACIT family. Of interest was that
the sequence of the 3’ portion (640 bp) of KI 18 was found
between exons +2 and + 3 (indicated exon 3’ in Fig. 5). The
region is a portion of the intron when spliced to form the
“proto” type of the transcript. Within exon +3’ there is a
polyadenylation signal, of AATAAA (indicated by the short
bar in Fig. 5), which might be utilized for poly A tailing.
Similar splicing events were observed in KI 40 and KI 51.
Namely, the sequences of 3’ fragments of KI 40 and KI 51
were found downstream of exon +5 (+6" and +6’« in Fig.
5). The segment of exon +6 contained a polyadenylation
signal, which was utilized to add a poly A tail to KI 40. The
nucleotide sequence of KI 51 indicated that the presence of
three polyadenylation signals, but they are not utilized, and
the cDNA extended to farther in the 3’ direction. The exon/
intron boundaries were analyzed from the sequence of
genomic fragments as shown in Table I. The GT-AG rules
were conserved in exons +1 to +5, but the donor sites of
“exon” +8’, and +6 (or +6 «) were changed (Table I).
Analysis of 5’ Region of mRNA and 5 Flanking Region
of the Gene—To determine the 5" end structure of the
mRNA, we performed a 5 RACE experiment as mentioned
under “MATERIALS AND METHODS.” The PCR prod-
ucts were subcloned and the inserts were sequenced. As
shown in Fig. 6, the sequence of five inserts out of seven
started 25 bp downstream of the 5’ end of KI 6, one from 22
bp downstream, and one from 41 bp downstream. Thus,
the tentative start site of the major transcripts is indicated
as +1 in Fig. 6. Furthermore, to obtain the 5" flanking
region of the gene, we screened a total genomic DNA library

Fig. 5. Partial characterization of alternative

KIG 12 baresanany
; KIG 23
KIG 13
B B B
5 I | D - I | == 3
+1+2 43 43 +4 +5 +6' +6'a

KI 18 WEMA

K140 e i i el

KI 51

Mature mRNA

0.1 (XIX) chain

COL 5 4 3 2 1

splicing pattern of ¢1(XIX) mRNA. Top: Three
genomic clones, KIG 12, KIG 23, and KIG 13, spanning
more than 25 kb, are shown with a kb scale. Middle:
Schematic pattern of exon/intron organization of the
gene. Location of BamHI sites is indicated by Bs. The
five exons (tentatively named +1, +2, +3, +4, and
+5, counting from 5 to 3’), and two alternative
“exons” (+3’ and +6 or +6’a, revealed by cDNAs KI
18, KI 40, and KI 51) exist in the region. Exons are
indicated by closed boxes; and alternative exons, by
open boxes. Note that four different mRNAs are
generated by alternative splicing. Bottom: Schematic
representation of 5 exons encoding a carboxyl part of
the COL 2 domain, the entire NC 2 domain, and the
amino part of the COL 1 domain of «1(XIX) chain.
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TABLE I. Exon-intron boundaries of the five exons and two alternative exons of the human ¢1(XIX) gene. When RNA transcripts
are spliced as the cDNAs, KI 18 and KI 40 (in Fig. 5), the translation products will stop immediately at the beginning of the exons, +3’ and
—6', respectively. Location of the stop codon (TAG)s is indicated by underlines.

exon No. (nt)

exon-intron boundaries

1 S (316))
OB (415))
+3' (640)
+3  (171)
+4 (67)
+5 (129)
+6' (436)

tttatag
ttttcag

ccactag

ttaacag

tcttcag

catgaag

tgagaag

2893 GGAATAAATGGAAAAGATGGAATACCAGGTGCTCAG 2928

2929 GGCATCATGGGTAAGCCTGGAGACAGAGGCCCCAAAGGAGAACGT 2973

ATGCAGTAGCGCCACCATCCCTCCAATTGTGACAACCAAAAGTGTCTCCA
GACATCACCAAATGTCTCCTGGGAAGCAAAATCACTGCAATTGAGAACTA
CTGACATGCAGAAAAACTAAGTAGAGTAAAGAAGGTGGTGTGAGGGGTTA
GAGAAATGGAAAGTGTAACTGAAAGTATAGTGAAGTTACTAGTAATGCCA
ATTATGTTATATAGTTTTGTGTTGTTTGGAGGGTTAATGTCATTATTGCA
ATTTCTCTTTATTTGGTTTAATGAACCTCAACATTTTGTAGTAGAATTGA
TTTCTACTAGAATTAACTTCTACTAGAATTAATTTCCACTAGAATTAATA
GAATTAATTTCTAGTAGAGTCATGCCACTGCAAGAAGTTACTCAAACATT
GTTACTCAGTGTAATTCTAGTAGAGTCATGCCACTGCAAGAAGTTACTCA
AACATTGTTTACTCAGTGTAATTCTATTAAGGGTTGCTATGTATGTGAGT
GTGGGCACATCTGTTTGTATACTGGTGTCTAGTTTGCTAACTTTTATTTA
TCATTATACAAGTAATCTATAATAACTGAAGGAAATGTGAAAATACAGAT
GATGTAAATTTAAAAGGHAATAAATCTACCTTACCCCACT

2974GGTGATCAGGGGATTCCAGGAGACAGAGGCTCACAAGGTGAACGGGGAAA

ACCAGGCCTTACAGGCATGAAGGGGGCCATCGGTCCTATGGGTCCACCAG
GAAACAAGGGCTCCATGGGATCCCCTGGCCACCAAGGCCCTCCAGGCTCT
CCAGGCATCCCTGGCATTCCG 3144

3145GCTGATGCAGTTTCATTTGAAGAAATAAAGAAGTATATTAATCAAGAGGT

CCTAAGGATTTTTGAAG 3211

3212AGAGGATGGCTGTATTCCTATCCCAGCTCAAGCTGCCAGCAGCAATGTTG

GCTGCCCAAGCTTATGGGAGACCTGGGCCACCAGGGAAGGATGGGTTGCC
TGGGCCACCAGGAGACCCTGGACCCCAAG 3340

CCGGAGACGTATAGAAAGCAGTGAGAAAATCGACGTCAGACTGTGAGAGG
TACACAATTCATATTGAAAAAAGGAAGAGCCGCTCCTACCAAGATTCTGA
TCATGAAAGCTTGAGGATCCGCCTTCAGCACCCTGACCTTCTTAAAGTGA
AAAGAAAGACCTTTTGGATTCTGAGT TGCATCACTTCATTTGCAGTTTTT
CTAATGTTTCCAAAGGGGTGATTGTCGATGTCTTTTTTAAATTGAAAACA
TTTCCAGACAGCTTTTAGATTTTAGCCGTCCCATGGGGTTCTGAGTATTG
GCTTCCTGCTGTGCCTTGAGAGAACTTTCCTTGGTGTCCATTCCCACCTG
GGGCTTGCTTGCAGCACAGGGCCTCATGGCTGGTTCTCCCGGGTATGAGC
TAAAATGTGCCACATCAGAATAAARGAAACCCCAAG

gtatggg

gtatgta

acacaga

gtaagta

gttagat

gtaagtc

aagcatg

o
Genomic DNA = —— /N

First strand cDNA

5'RACE

+1

(A)n

Sacl

10nt

KIG 3 jwvn

Fig. 6. Analysis of the 5" region of

Exon 1 EcoRI

using the 5" EcoRI fragment of KI 6 as the probe. A positive
clone, KIG 3, was isolated; and a 643- bp Pstl/EcoRI
fragment that hybridized with the 5" fragment of KI 6 was
subcloned and sequenced (Fig. 7). The sequence of the
genomic fragment was consistent with that of the 5 end of
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Primer 2

21(XIX) mRNA. Relative location of
5" RACE products to the correspond-
ing region of genomic DNA, KIG 3.
First strand ¢cDNA was synthesized
from primer 1 and (dA)n was added to
the 3’ end. Aliquots of the sample
were used for amplification between
hybrid/acceptor primer and primer 2.
RACE products were cloned and se-
quenced. Relative location of 5° RACE
products is shown in the figure in
relation to genomic DNA, KIG 3.

KI 6 and of the RACE products. The nucleotide sequence
immediately upstream of the 5" end of the major tran-
scripts from RACE revealed a TATA-like element (TAAT-
AA) located at —31, where the TATA box is expected to be.
One CCAAT box and a potential AP1 site were found
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-561 CTGCAGGAARATGACACTTIC ~ -541  Fig. 7. Nucleotide sequence of the 5 region of
-540 ACATATTCAAAGGGATCCCAAAAGAGTTCAAAAGCCAAGACTGGAAGCACCAACCCATGG — -481 COL19A1. A genomic DNA fragment of KIG 3 PStI/,
EcoRI was sequenced. Based on the results of the 5
-480 AAAGATGTATTTAAAATCACAAAATACTTCTGTGGACACTGAGARAAACCAAGCCACACA -421  RACE experiment (Fig. 6), the major transcriptional
start site (+1) was identified. A TATA-like element,
-420 AACGTTTACATATGAGCGTGATTAGAAGGTGGGCAGACTGCCTTAATCAACTTTATATAA  -361 : 3 g
a CAT box, and a potential AP 1 site are indicated by
-360 ACTCTTGACATAAAAGTGAAAAAATGAAACATAAAGATATATTTTCTTAGCTCAACCCGT ~ -301 @ small box, double underline, and single underline,
respectively.
-300 TAAAAAGCCAATTACCTACTCGTGAACGTTTGCCACATACAATAATACTTTGAAGACACT — -241
-240 TCATGATCAGAAGTGAGAAACTCTAGGCATTTGCATTCAACCGTCATTTTATCTGTGAAA  -181
-180 CTGCTAGTAAAACATAAACCTGAAAGGCATTACTCCCAGCTCTAAGGCGACATCGCTGTC — -121
-120 ATTAAAGAAAACCTGTGCCTGAGTTGGCTGAGTACCTTCTTGCAGAGTCCTCTGTCCTCG -61
-60 CGGAGTGGGAGGGTCACACTGGGAGAGACTAATAAGGGCAGAGATGCGTCCCCCTTCCCC -1
1 ACTCGCAGGGAGCTCACTCCTCGGCGGTGCCGCAGCCCTGTCCGGACTCCACTGCGCCTC 60
61 TGAGGGGCTCAAATACGAATTC 82

farther upstream at —293 and — 378, respectively (Fig. 7).

DISCUSSION

The selective cDNA clones reported here (KI 6, 5 frag-
ments of KI 18 and KI 40, and KI 50) and the HY 67 clone
encode a “proto” type of new collagen chain beginning with
a methionyl residue followed by a hydrophobic signal
peptide, suggesting that the predicted protein is secreted
into the extracellular matrix. The primary structure in-
dicated the presence of five COL domains interspersed by
four rather short NC domains, with short imperfections in
the COL domains, and four and two conserved cysteines in
NC 6 and at the COL 1/NC 1 junction, respectively. These
are the characteristic features of the FACIT family (10).
The structural characteristics of the putative chain are
significantly different from those of the 18 distinct collagen
types that contain collagen triple helices. Therefore we
designated this newly discovered chain derived from
¢DNAs «1(XIX) collagen chain. As shown in Fig. 8, this
chain is rather small in size in the FACIT family. One of the
characteristic features of the FACIT family is the COL 1
domain and the two cysteinyl residues at the junction of
COL 1/NC 1. The type XIX collagen chain contains a
similar arrangement, although the COL 1 domain is some-
what shorter than that of the other FACIT members. The
second feature is that all of them have the “NC 4-like
domain.” As shown in Fig. 3, the nine predicted 3-strands
of the NC-module are well-conserved among members of
the FACIT family (32). However, type XII and XIV
collagen chains contain different amino-termini from the
other FACIT molecules, suggesting that they have a unique
function in the extracellular matrix. Without this amino-
terminal sequence, the structure of the type XIX chain is
similar to that of the «1(XVI) chain.

The present study demonstrates several unusual fea-
tures of the human gene for the a1 chain of type XIX
collagen. One striking feature of the chain is that the 3’
untranslated region of the transcript is extremely long.
Myers et al. suggested that the chain might be uncommonly
large, as estimated from the size of mRNAs from rhab-
domysarcoma cells and fibroblasts (11). Contrary to their
suggestion, the size of the chain is similar to that of type IX
chain, and very much shorter than that of the type XIL.
There are two possibilities to explain the discrepancy in

length between the predicted peptide and mRNA. One
possibility is the existence of a “long form” of the chain. In
the @1 chain of type XII, there are two forms that share the
same signal peptide and the same carboxy-terminus, but a
fragment of the carboxy-terminus of the signal peptide,
approximately one thousand amino acids is missing in the
short form (24, 25). We tried to detect a “long form” of the
mRNA. However, we could not find a clone encoding a “long
form.” Another possibility is the existence of a long 5’ or 3
untranslated region in the transcript of the gene. To
determine the 5 or 3’ end, we employed the RACE
procedure. Five of seven 5 RACE products stopped 25 bp
downstream from the 5’ end of KI 6, where we considered
the major transcriptional start site to lie. On the other
hand, we failed to obtain 3° RACE products. Meanwhile, in
screening of the cDNA library using a 3" fragment of KI 50
as the probe, we isolated an overlapping clone, KI 65,
extending in the 3’ direction with a poly A tail. Northern
blotting analysis using a 8" fragment of KI 65 demonstrated
a single RNA band of longer than 10kb. These data
suggested that the transcript of the gene contained a long
untranslated region at its 3" end, spanning more than 5 kb.
Some size difference between the length (>9 kb) shown by
overlapping cDNA clones here and the size (>10kb) of
mRNA estimated from Northern blotting analysis remains
to be resolved, if the estimation of the size of the mRNA is
correct. We can not rule out the presence of a “long form”
of the chain, but another possible explanation is that there
is an additional fragment following the 3" end of KI 65,
utilizing a downstream polyadenylation site. In any case,
the longer transcript of the gene representing >10 kb in
size contains at least a 5-kb 3" untranslated region.

The second striking feature of the gene is that unusual
alternative splicing of transcripts occurs in the rhab-
domysarcoma cell line. Alternative splicing itself is well
established for a number of genes. Among extracellular
matrix proteins, alternative splicing occurs in the fibronec-
tin gene (26), elastin gene (27), and several collagen genes:
type VI and XIII (22, 23). The alternative splicing events
in the genes of the extracellular matrix components could
be involved in changing specific functions such as cell-cell
or cell-matrix binding. Usually, variant transcripts are
made by skipping some exons (22, 23) or utilizing alterna-
tive promoters (28-30). In this gene, the manner of
alternative splicing is different. The variant forms with the

J. Biochem.
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Fig. 8. Schematic comparison of polypeptide structures of
21(XIX) collagen chain and other FACIT family. The schematics
are drawn to scale, and the sequences of the other FACIT family are
taken from recent reports (7, 19-21). Collagenous domains, noncolla-
genous domains, NC 4-like domains [thrombospondin-like domains

different sizes showed common 5" sides but different 3’
ends. Partial characterization of genomic clones revealed
the mechanism of the occurrence of the variant forms. Of
the variant forms we examined (KI 18, KI 40, and KI 51),
the +3’ and +6’, +6 a exons were within an intron that is
usually skipped in the “proto” type of the splicing. These
exons have stop codons near the 5" ends, which should result
in truncated forms of the peptide, although we have not
detected such polypeptides. The consensus sequence of the
donor or acceptor site of the exon/intron junction is con-
served at authentic exons, whereas the acceptor sites are
conserved for exons + 3" and + 6’ but the donor sites are not
conserved. This suggests that the cells lose or miss the
mechanism for the recognition of the acceptor sites in the
splicing event. Thus far, we do not know if this unusual
event is specific to this gene or only to rhabdomyosarcoma
cells. It is important to consider whether these truncated
forms are physiologically functional or not. Two cysteines
at the COL 1/NC 1 junction in the FACIT family molecules
may be important to fold the triple helices. If this idea is
applicable to this new chain, it would be impossible for
these truncated forms to make a collagen molecule, and
chains that do not form a triple helix may be degraded
within the cell. Alternatively, once truncated forms of the
peptide successfully form a molecule, it may have a
different function from the “proto” type peptide.

It has been shown that type IX collagen is localized on the
surface of collagen fibrils in cartilage and may serve as
molecular bridges binding the extracellular components
(1). The structural similarities between the XIX collagen
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(31, 32)], von Willebrand factor A-like domain, fibronectin type III-
like domains, and cysteinyl residues are indicated by shaded squares,
horizontal bars, ellipses, black boxes, white boxes, and vertical bars,
respectively.

and the FACIT family raise the possibility that the XIX
collagen may have similar functions. The NC 6 domain in
the @ 1(XIX) collagen chain has sequence homology with the
NC 4-like domains of the other FACIT members. The
homologous region has been called the thrombospondin 1
(tsp 1) module by Bork (31). It contains a common anti-
parallel S-sheet structure composed of nine consensus
[3-strands, which could be involved in molecular recognition
(32). The NC 4 domain of the «1(IX) collagen chain has a
basic isoelectric point pI of ~10 and is thus thought to be
involved in interaction with acidic components in the
extracellular matrix (33). However, the homologous NC 6
domain of the «1(XIX) chain, which has a neutral isoelec-
tric point (pI 7.4), may function in a different manner. As
Myers et al. (11) pointed out, the expression of the gene in
the rhabdomyosarcoma cell line is extremely low. Since the
promoter of the gene has a TATA-like box at —31 and no
GC box, the expression could be restricted temporally and
spatially. Establishment of the primary structure of the
«1(XIX) chain and its unique gene expression presented
here represent an important step in elucidating the biologi-
cal functions of the polypeptide.

The authors thank A. Fukutomi for excellent technical assistance, and
M. Kohmoto for typing the manuscript.
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