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ABSTRACT A previously unknown collagen cDNA clone,
PF19, was isolated from a human placenta library. The 2.1-
kilobase insert has a complete open reading frame of 709 amino
acids that includes 12 amino acids of the NH,-terminal domain,
a principally collagenous region of 577 residues, and 120
residues of the noncollagenous COOH terminus. The collagen-
ous part of the sequence encoded by PF19 is characterized by
13 interruptions ranging in size from 2 to 45 amino acids.
Within four interruptions are consensus sequences for attach-
ment of serine-linked glycosaminoglycans and asparagine-
linked oligosaccharides suggesting that this collagen may be
extensively glycosylated. A synthetic decapeptide representing
a sequence at the beginning of the COOH-terminal
enous domain was used to prepare an antibody in rabbits. This
antiserum detected a 125-kDa bacterial collagenase-sensitive
protein in Western blots of HeLa cell lysate. Consistent with the
size of the collagen chain, Northern blot hybridization revealed
a major transcript of 5.3 kilobases and two minor ones of 4.7
and 4.4 kilobases that are present in cultured human fibro-
blasts but absent from umbilical vein endothelial cells. We
propose that the previously unidentified polypeptide described
in this report be designated the a1 chain of type XV collagen.

The large family of collagen proteins is currently comprised
of 14 formally recognized types (reviews, refs. 1-3). How-
ever, it is clear from partial characterization of newly iden-
tified chains (4) and cDNA clones (5, 6) that other collagens
exist and definition of their primary structure will further
enhance our understanding of these important matrix mole-
cules. The collagens can be divided into two groups, the
fibrillar and nonfibrillar collagens (2). The fibrillar collagens,
composed of types I, I1, II1, V, and XI, have the same general
chain structure consisting of a dominant 100-kDa uninter-
rupted collagenous region flanked by conserved COOH and
variable NH, extension peptides (reviews, refs. 7 and 8). The
triple-helical molecules associate in a highly ordéred, quar-
ter-staggered array to form the characteristic extracellular
fiber or fibrillar aggregates. In contrast to the stereotypic
nature of these ‘‘classical’’ collagens, the group of nonfibril-
lar collagens, types IV, VI-X, and XII-XIV, exhibit exten-
sive diversity in size, sequence, nature of the noncollagenous
termini, and organization into supramolecular assemblies (2).
The one unifying feature is the occurrence of interruptions
within one or more of the principally collagenous regions.
The individual polypeptides range in size from 60 to 340 kDa
and contain noncollagenous domains of a few to several
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thousand residues that sometimes account for the major part
of the protein (2, 9). Some of the nonfibrillar types form
sheet-like and fibrous structures, beaded filaments, hexago-
nal lattices, or amorphous mats; others are found distributed
on the surface of banded fibrils (2).

At least 27 genes encode the 14 hetero- and/or homotri-
meric collagen types. With the exception of a3(V), all of the
constituent chains are currently represented in cDNA clones
from which most of the amino acid residues have been
derived. Significantly, some of the new collagen types were
discovered from cDNA cloning and sequencing. For in-
stance, al(XII) was able to be classified from analysis of 120
residues encoded by a chicken tendon fibroblast cDNA
clone; although the sequence was similar to type IX, the
RNAs had a different tissue distribution (10). Recognition of
type XIII collagen was a consequence of DNA sequencing of
clones originally found in a human tumor HT1080 library
using a mouse a2(IV) probe (11). Recently, the existence of
afifth type IV subunit was disclosed by comparison of amino
acids deduced from the cloned human DNA sequence with
those of other type IV collagen chains (12-14).

Several years ago, we attempted to isolate additional type
V cDNA clones to complement our earlier a2(V) studies on
sequence and expression. Our efforts, instead, resulted in the
identification of aS(IV) clones (13, 14) and two identical
clones with 2.1-kilobase (kb) inserts encoding a previously
unknown collagen chain not homologous to types I-XIV.
Here, we report on the primary structure and characteriza-
tion of the unique collagen that we have provisionally named
al(XV).1

METHODS

Isolation of Collagen cDNA Clones. A 550-base-pair (bp)
EcoRlI fragment encoding the end of the collagenous region
and beginning of the COOH propeptide of an unidentified
chicken fibrillar collagen chain (M.K.G., unpublished re-
sults) was used as probe to screen a human placenta Agtll
cDNA library (Clontech). The avian clone had been isolated
using our human a2(V) cDNA clone, NH20 (15). The human
library was plated on a lawn of Escherichia coli strain Y1090
as described (14). Phage DNA was transferred to duplicate
nitrocellulose filters and hybridized to 1.5 ng of 32P-labeled
DNA per ml (specific activity, 8 X 10® cpm/ug) in a 35%
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formamide/6x SSC (1x SSC = 0.15 M NaCl/0.015 M
sodium citrate, pH 6.8) buffer at 37°C for 20 hr. The filters
were washed in 2x SSC/0.05% NaDodSO; first at 21°C and
then at 40°C. The phage yielding a positive hybridization
signal were plaque-purified and the inserts were ligated into
the EcoRlI site of plasmid Bluescript SK vector (Stratagene).

Nucleotide Sequencing and Sequence Analysis. Nucleotide
sequences were determined by the dideoxynucleotide se-
quencing method using Sequenase enzyme (United States
Biochemical). The primers were either vector- or insert-
specific 17-mer oligonucleotides synthesized on an Applied
Biosystems DNA synthesizer. Nucleotide sequences were
fully determined for both strands of the cDNA clone PF19.
International Biotechnologies software was used to compile
the sequence data. Nucleotide homology comparisons were
carried out with GenBank and EMBL data bases, and amino
acid homology searches were performed using the Protein
Identification Resource (National Biomedical Research
Foundation) and Swiss-Prot data bases.

Northern Blot Hybridization of Collagen ¢cDNA Clones.
Isolation of endothelial cells (HE) from human umbilical
veins has been described (16). One cell line of human
fibroblasts, HPF, was derived from tissue discarded after
surgery to repair penile hypospadias (16). Another fibroblast
cell line, GM3348, was derived from a skin biopsy of a normal
teenage male (Coriell Institute for Medical Research).
Poly(A) RNA was purified as detailed earlier (17).

One-half microgram of RNA per lane was electrophoresed
at 30 V for 22 hr in 1% agarose gels containing 2.2 M
formaldehyde. RNA was transferred to nitrocellulose filters
and hybridized to 2 ng of 32P-labeled DNA per ml (specific
activity, 1-2 X 10° cpm/ug) in a 50% formamide/4x SSC
solution at 42°C for 20-24 hr (16). Final wash of the filters was
at 62°Cin 0.5x SSC. cDNA inserts were isolated from human
clones: a2(I) A26 (2.6 kb), al(III) E6 (2.4 kb), al(IV) KK4
(1.7 kb), «2(V) NH20 (1.35 kb) (ref. 16 and refs. therein) and
the 2.1-kb a1(XV) clone PF19 (Fig. 1).

Synthetic Peptides and Antibody Preparation. Two 10-amino
acid peptides were synthesized using Fmoc (fluoren-9-
ylmethoxycarbonyl) chemistry on polyamide/kieselgur resin
(18). The sequence of the first peptide, NH,-Ser-Gly-Ser-Thr-
Gin-Leu-Leu-Asn-Glu-Pro-COOH, is found in interruption I1I
and the sequence of the second peptide, NH,-His-Leu-Val-
Ile-Glu-Gly-Thr-Phe-Ile-Tyr-COOH, is located in the begin-
ning of the COOH-terminal noncollagenous domain. Both
peptide regions were selected on the basis of National Bio-
medical Research Foundation and Swiss-Prot data base
searches for uniqueness to the PF19 collagen sequence—i.e.,
not represented in other protein sequences and, in particular,
other collagen types. Approximately 2 mg of each peptide was
conjugated to 10 mg of keyhole limpet hemocyanin using
glutaraldehyde (19) and each peptide solution was divided into
eight aliquots. For primary immunization, two aliquots of each
peptide were emulsified in Freund’s complete adjuvant and
injected intradermally into two rabbits. The other aliquots
were emulsified in Freund’s incomplete adjuvant and given as
three booster injections at 3-week intervals.

Electrophoretic Transfer Blotting of Cellular Proteins.
HeLa cells were grown in 100-mm plates in Dulbecco’s
modified Eagle’s minimal essential medium containing 10%

Al \

Proc. Natl. Acad. Sci. USA 89 (1992) 10145

newborn calf serum and 50 ug of ascorbate per mi. At
confluency, the cell layer from one plate (=107 cells) was
scraped into 0.5 ml of buffer (pH 7.4) consisting of 270 mM
Tris‘HCl, 270 mM NaCl, 22 mM N-ethylmaleimide, 0.1%
Triton X-100, and 200 ug of heat-denatured type I collagen
per ml (Sigma). Cells were homogenized in a Teflon/glass
homogenizer and the sample was centrifuged at 15,000 X g
for 5 min. Half of the supernatant was boiled for 5 min after
adding sample buffer to give a final concentration of 2%
NaDodSO,, 10% glycerol, 0.5 M urea, 1% 2-mercaptoetha-
nol, 0.001% bromphenol blue, and 0.125 M Tris-HCI (pH 6.8).
The other half of the sample was brought to a final concen-
tration of 10 mM CaCl, and 0.18 mg of bacterial collagenase
per ml (Sigma, type VII). The sample was incubated at 37°C
for 4 hr, mixed with sample buffer, and boiled. Samples were
electrophoresed in an 8% polyacrylamide gel containing 0.5
M urea and 0.1% NaDodSO, (20). The fractionated proteins
were electroblotted onto nitrocellulose filters (BA8S, Schlei-
cher & Schuell) as described (19). The filters were stained
with heparin/toluidine, cut into strips, and destained (19).
The filter strips were incubated overnight with a 1:3000
dilution of the type XV antiserum prepared against the
COOH-terminal noncollagenous domain peptide. Antibody
binding was detected using peroxidase-conjugated goat anti-
rabbit IgG (Bio-Rad) and 4-chloro-1-naphthol (21).

RESULTS

Isolation of a Human ¢cDNA Clone Encoding a Different
Collagen Sequence. Previously, we reported our first results
obtained in screening 400,000 clones from a human placenta
library at low stringency with a DNA fragment encoding the
collagenous and COOH telo/propeptide junction sequence of
an unidentified avian fibrillar collagen chain. Four of the six
positive recombinants, characterized by DNA sequencing,
were found to correspond to two identical a1(I) clones with
2-kb inserts, an al(IV) clone containing a 2.8-kb insert, and
an a5(IV) clone with a 3-kb insert (13, 14). Successive cycles
of plaque purification of the other two independently isolated
clones revealed a hybridization signal of equal intensity, and
molecular weight determination of the respective EcoRI
inserts showed that both were 2.1 kb. Results of Southern
blot hybridization indicated that the clones were identical and
this speculation was subsequently confirmed by DNA se-
quencing. A restriction map of the clone PF19 is illustrated in
Fig. 1. PF19 encodes a complete open reading frame of 709
residues primarily composed of a main collagenous region
containing multiple interruptions (Fig. 2). The amino acid
sequence of the protein was different from those reported for
other collagens, and homology searches of nucleotide and
protein data bases confirmed that it represented a previously
unknown polypeptide not homologous to the type I-XIV
collagen chains.

Primary Structure of a Unique Collagen a Chain. At the
beginning of the protein sequence encoded by the clone is a
12-amino acid noncollagenous sequence followed by a pre-
dominantly collagenous region of 577 residues (Fig. 2). At the
COOH terminus are 120 amino acids of the COOH-terminal
noncollagenous domain. Within the collagenous region are 13
interruptions that can be divided into three size classes (Table
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FiG. 1. Restriction map of the human a1(XV) cDNA clone PF19. The EcoRl insert of PF19 consists of 2127 coding nucleotides. Both DNA
strands were entirely sequenced using vector and insert sequence-specific primers. The restriction sites noted on the map were located by
computer analysis and entirely verified by endonuclease restriction digests electrophoresed on agarose or acrylamide gels.
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1 GAA AGA TGG ATC ACT CCA GCT CAA AGA GAA CAT GTG,GGA ATG AAA GGA
1 E R w 1 T P A 0 R E H vhle M K G
76 GAT CTT CCT GGC CCT CCT GAA CCT TCT GGG CCT GTT
26 D poogaags g g g g gy
151 GGC TGG GGC TCG GAC GTC GGC TCT GGC TCT GGT GAC
51 6 Tt e S
226 GGT CCA GGG CCA CCT GGC TTA CCT GGG ATT CCA GGA
76 G P G P P G L P G I P G
301 ccc GGA GAG GAT GGA CCT GCT GGT GAA CCT GGG CCC
101 P G E D G P A G E P G P
376 GAT CTT CCC GGG ATG AAA GGG GAG AAG GGA GCA AGA
126 D L P G M K G E K G A R
451 GGT AGA GGC TTA CCT GGA CCC CCG GGG AAA AAG GGA
151 G R G L P G P P G K K G
526 CcCC GGA CCC CCT GGG CCC CCA GGC CCT GGA TGC ACA
176 P G P P G P P G P G T
601 GGC CAG CTA TTG AAT GAA CCC AAA CTC TCC AGA CCA
201 @ Goni w e pg g g
676 AAA CCC AAG GGA GAA AGG GGG ATG GAT GGA GCC AGT
226 X P K G E R G M D G A S
751 CcA AAG GTC TTG TCT AAT TCC TTG ATC
251 P Eog wigeg g g
826 CCT CCT CCG GGG CCG GAC GGG TTG CCT
276 P P P G P D G L P L
901 GGT CCT GGC TTT CCA GGA CTA AAA GGA GAA CAG
301 P G F P G L K G E Q
976 CCT CTG GAA AGG CTG ATG GGG AAA AAG GGT GAA
326 4L B IR I4LUW ¢ K K G E
1051 CCA CCA GGA CAT AAA GGA GAA TTT GGC CTT CCC
351 G P P G H K G E F G L P
1126 ACC AAA GGA GAT ad GG Al C.
376 T K G D Q
1201 GG GC ATT .
401 F A ' I K
1276 GTT GAT ACT GCT CAT CCT GGG A
426 Vb Aowipe & G
1351 CTT CA AAG GGA GAA AAA GGC GAC CAG GGA GCC CAG GGA CCA
451 L K 6 E K G D Q G A Q G P
1426 CTG AGA CAC TTT CTG AAC AAC TTG AAG GGG GAG AAT GGA GAC AAG GGG
476 LR HU®I% W ¥ 3L ¥ c E N G D K G
1501 GAC ATT AAT GGC_AGC TTC CTT ATG TCT GGG CCT CCA GGC CTG CCC GGA
so1 p 1 [N @& 8 ¥ &L M s G P P G L P G
1576 GAG ACA GTC GTT GGG CCC CAA GGA CCC CCA GGT GCT CCT GGT CTG CCT
526 E T v v G P Q G P P G A P G L P
1651 GAT CCT GGG CCA CCG GGG CCC CCG GGG CCA CCA GGA CCT CCA GCT ATC
51 D P G P P G P P G P P G P P Ad
1726 CCC CCT GGC CCT CCA GGA CAG CCA GGG CTT CCC GGA TCC AGA AAC CTG
s p P G P P G Q P G L P G S RAN L
1801 ATG CTG CAG AAA GCG CAT TTG GTT ATA GAA GGA ACA TTC ATC TAC CTG
601 M L Q K A H L V I E G T F I Y L
1876 GTT AGA GAT GGC TGG AAA AAA TTA CAG CTG GGA GAA CTG ATC CCC ATT
626 V R D G W K K L Q L G E L I P I
1951 CTT TCC AGC AAC CCA CAT CAG CTT CTG CCT CCA CCA AAC CCT ATT TCA
651 L S § N P H Q@ L L P P P N P I S
2026 CAT TTG GCT GCT CTG AAC ATG CCA TTT TCT GGG GAC ATT CGA GCT GAT
%6 H L A A L N M P F S G D I R A D
2101 GCA GGA CTG TTG TCC ACC TAC CGA GCA
701 A 6 L L S§ T Y R A

1). The small interruptions, numbers 11, IV, VII, X1, and XII,
consist of 2 or 3 residues; the medium size ones, numbers VI,
IX, X, and XIII, are 7-14 amino acids in length; and the large
interruptions, numbers I, III, V, and VIII, span 24-45
residues. Two cysteines are located in the interruptions; one
is the first residue of interruption III and the second is in the
center of interruption VIII. (An additional cysteine is found
in the noncollagenous COOH terminus.) The collagenous
regions flanking most of the interruptions are predominantly
short and consist of only 4-7 Gly-Xaa-Yaa triplets. Three
other regions include 10, 15, and 17 triplets. The only
relatively large collagenous domain, composed of 30 triplets,
is positioned between interruptions II and III.

The deduced protein sequence of this collagen was
searched for a variety of structural motifs contained within
the PROSITE program (22). By this approach six potential
carbohydrate attachment sites were identified. Four of these
are possible tripeptide acceptor sites for N-linked glycosy-
lation (Asn-Xaa-Ser/Thr, where Xaa or the amino acid
following Ser or Thr cannot be Pro; refs. 23 and 24). Two
sites, Asn-Ile-Thr and Asn-Phe-Ser, are located in interrup-
tion V and another one, Asn-Gly-Ser, is found in interruption
X (Fig. 2). A second Asn-Gly-Ser sequence is situated in the
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AAA GGT GAA
K G E K
CCA GGC ( 5 CAA  AAA
P G P A G Q K
CCA CCT GGC_TTT GGA AGA CCT Fi1G. 2. Nucleotide and en-
P PG E G R coded amino acid sequence of the
e oacuooC Co ok, O PF19 clone. On the top line is the
) @ " " DNA sequence and on the second
Ach oc A A & line is the deduced amino acid se-
GAE AGC quence shown in single-letter code.
D s Arrows designate the beginning
GCC GAC and end of the 577-amino acid dis-
A D continuous collagenous region. In-
GCC AAT terruptions (I-XIII) are highlighted
Ax in the shadow areas, cysteines are
o 76 circled, and potential N-linked gly-

cosylation consensus sequences
are boxed.

collagenous region midway between interruptions II and III.
Two putative O-linked glycosaminoglycan attachment sites
were also revealed (Table 2). Both sequences, adjacent to
each other in interruption I, share the consensus motif
(Ser-Gly-Xaa-Gly) employed by this search algorithm. Fur-
thermore, two additional sites containing Ser-Gly dipeptides
(Table 2), located in interruptions I and III, fall within the
known and predicted consensus sequence in proteoglycan
core proteins (25).

Multiple RNA Transcripts Hybridize to the PF19 Collagen
Clone. To investigate the nature and size of the mRNA coding
for PF19, we first used the clone in Northern blot hybridiza-
tion to RNA isolated from cultured human fibroblasts. Ex-
pecting a low-abundance RNA, if any, we were surprised to
find a transcript that was easily identified in a 24-hr autora-
diography period. Longer exposures revealed two additional
smaller molecular weight bands (a representative picture is
included in Fig. 3). Rehybridization of the filter to an a2(V)
probe allowed us to assign molecular weight values to the
three transcripts hybridizing to the PF19 clone. The major
species corresponds to 5.3 kb and the two minor ones are
estimated to be 4.7 and 4.4 kb (Fig. 3).

To compare the expression of the RNAs for this collagen
with other well-characterized collagen transcripts, we hy-
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Table 1. Length and location of type XV collagenous sequences
and interruptions

Gly-Xaa-Yaa Interruption’
length* No. Residues

18 I 45t
21 II 3
90§ 111 3131
21 v 2
12 A% 248
45 VI 11
51 VII 2
18 VIII 341
30 IX 14
18 X 78
18 XI 2
15 X11 2
18 X1 10
15 [NC1]Y

*Amino acids in the Gly-Xaa-Yaa segments between the interrup-
tions. NC1 designates the COOH-terminal noncollagenous domain.

TIdentification and size of interruptions I-XIII.

Presence of potential O-linked glycosylation site.

$Presence of potential N-linked glycosylation site.

YPresence of cysteine residue.

bridized PF19 and types I, III, IV, and V clones to Northern
blots containing RN As isolated from two fibroblast cell lines
and cultured human umbilical vein endothelial cells. As
shown in Fig. 3, PF19 exhibits increased hybridization to the
fibroblast RNA that is also enriched for a2(I) transcripts.
Neither PF19 nor the a2(I) clone detected any transcripts in
endothelial cell RNA preparations at relatively short expo-
sure times that showed type IV and V RNAs (Fig. 3) or at
extended autoradiography periods (data not shown) that
revealed a minor amount of type III (16).

Identification of a 125-kDa Collagen Chain by Western Blot
Analysis. To determine the size of the unique collagen chain,
we attempted to prepare immunological probes using two
10-amino acid synthetic peptides. The sequence of one pep-
tide is contained within interruption III and the sequence of
the second is located in the beginning of the COOH-terminal
noncollagenous domain (Methods). Only the NC1 peptide
elicited an antigenic response when injected into rabbits and
the antiserum was used in Western blots of homogenate from
HeLa cells known to express the 5.3-kb RNA. Different
dilutions of the antiserum were tested and a dilution of 1:3000
was found to be optimal. As illustrated in Fig. 4, Western
blotting of the total HeLa cell homogenate showed a distinct
125-kDa protein band that was eliminated upon treatment of

Table 2. Amino acid sequence and position of potential O-linked
glycosylation attachment sites

Potential O-linked Sequence
glycosylation sites position
PPEPSGPVGP 34-43
* Kk
EAEGSGLGWG 48-57
%k dkkk ok
SDVGSGSGDL 58-67
dkook ok ok ok ok
DTEGSGSTQL 198-207
%k ok ok ook ok k *
D/EXEGSGSGXL Consensus

% okdkokkokk ok

Residues highlighted by asterisks are included in the consensus
sequence. The letter X indicates the presence of any amino acid.
Position of the sites is according to the numbering of amino acids
shown in Fig. 2.
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a2(l) al(ll) al(lV) a2(V) al(XV)
Q v 44
A B C A B C A B C A B C A B C

FiG. 3. Northern blot hybridization of collagen clones to fibro-
blast and endothelial cell RNAs. One-half microgram of poly(A)
RNA in each lane was hybridized to human collagen cDNA clones
coding for the chains identified above each panel. Lanes A and B,
RNA s representing two skin fibroblast cell lines, HPF and GM3348,
respectively; lanes C, RNA isolated from human umbilical vein
endothelial cells (HE). Autoradiography times were 18 hr for a2(I)
and a1(III), 30 hr for a2(V), and 48 hr for «1(IV) and al(XV).

the sample with bacterial collagenase. The 125-kDa colla-
genous protein was not detected with serum taken from the
rabbit prior to immunization (Fig. 4). [The same pattern was
found using homogenate from cultured human skin fibro-
blasts (data not shown).]

DISCUSSION

In this study, we have presented evidence for the existence
of a previously unknown collagen chain discovered by cDNA
cloning. The clone PF19 was isolated from a human placenta
c¢DNA library by cross-hybridization to an unrelated 0.5-kb
chicken fibrillar collagen clone that also identified types I,
III, IV, and XIIT human collagen clones found in placenta and
endothelial cell libraries. The widespread interspecies ho-
mology among these collagen DNAs is likely restricted to
nucleotides encoding tandem Gly-Pro-Pro triplets. The 709-
amino acid coding sequence deduced from the 2.1-kb PF19
insert bears no similarity to type I-XIV collagens or the
collagenous domains found in one of the bullous pemphigoid
antigen proteins (5, 6). Nor does it resemble the nonfibrillar
collagens in sea urchins or nematodes (26, 27). We propose
to name the previously unrecognized polypeptide the al
chain of type XV collagen.

The 125-kDa protein identified in Western blots using
antiserum generated against a synthetic peptide in the type
XV sequence suggests that the primary structure shown in
Fig. 2 represents more than half of the unique collagen chain.
Furthermore, from preliminary inspection of an overlapping
5’ clone, it appears that PF19 encodes the complete triple-
helical region. This primarily collagenous domain comprises
577 residues divided into two-thirds Gly-Xaa-Yaa triplets and
one-third noncollagenous interruptions. Surprisingly, most
of the interruptions separate collagenous segments consisting
of only 12-21 amino acids. Unlike several of the other
collagen types—i.e., types IX, XII, XIII, and XIV (5, 10,
28-30)—arrangement and size of the interruptions do not
support the concept of only a few discrete triple-helical
domains. Even if one regards the five 2- or 3-amino acid

FiG. 4. Western blot analysis of

. [ " HelLa cell lysate using type XV collagen
200— |

antiserum. Electrophoretically fraction-
ated HeLa cell homogenates were trans-
116 — g ferred to nitrocellulose filters that were

92— 1 incubated with a 1:3000 dilution of pre-

66— ! immune serum (lane A) or antiserum di-

f rected against the 10-amino acid NC1

‘ synthetic peptide (lanes B and C). The

45— cell homogenate digested with bacterial

collagenase is shown in lane C. The mi-

gration of protein standards is indicated

on the left with molecular weights shown
as M; X 10-3.
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interruptions as minor imperfections that are incorporated
into a triple-helical region, there still remains a mixture of
diverse-size collagenous domains of 18, 114, 35, 45, 71, 30,
18, 55, and 15 residues. Bordering some of these regions are
all of the tandem Gly-Pro-Pro triplets; their presence is
particularly striking in the 114-residue domain that begins
with three such triplets and ends with four. The multiple
proline residues likely stabilize triple-helical conformation,
especially considering the high probability of those in the Yaa
position being hydroxylated.

An unusual combination of eight potential sites for oligo-
saccharide addition occur in the type XV triple-helical region.
All, except one, are found in interruptions. Three possible
N-linked acceptor tripeptides are included in interruptions V
and X; the fourth spans two Gly-Xaa-Yaa triplets (residues
144-146). Future studies are obviously required to determine
whether any or all of these sites are functional. Although
there have been reports of similar sequences in a number of
collagens, until lately there has been a paucity of experimen-
tal data related to this subject. Initial studies showed that the
sites in the COOH terminus of type I and the NH, terminus
of type III were occupied (31, 32). More recent results have
demonstrated that N-linked oligosaccharides occupy all of
the potential sites present in the collagenous portion of the
al(IV) and a2(IV) 7S domains (33, 34) as well as those in the
triple-helical region of all the type VI chains (33).

In contrast, considerable attention was quickly devoted to
O-linked glycosylation of type IX collagen upon finding that
the «2(IX) subunit contains a glycosaminoglycan chain at-
tached to a serine residue in the noncollagenous NC-3 domain
(35). To date, this represents the sole precedent for a com-
bined collagen—proteoglycan molecule but it is plausible that
other collagens may be subject to similar posttranslational
modifications. Type XV contains four candidate O-linked
sites involving serine residues; three are present in the large
45-amino acid interruption no. I and another is located in the
31-residue interruption no. III. The 10-residue segments
encompassing the Ser-Gly dipeptide(s) in fact conform to a
consensus sequence, Asp/Glu-Xaa-Glu-Gly-Ser-Gly-Ser-
Gly-Xaa-Leu (Table 2), which is an expanded version of
those known and predicted for a number of proteoglycan core
proteins (25). Furthermore, based on hydropathy analysis
(36), interruptions I and III are expected to be relatively
hydrophilic (data not shown), and potential sites for glyco-
sylation are often disposed in surface-accessible regions
having high probabilities for g-turn formation (37).

Hybridization of the PF19 clone to Northern blots of fibro-
blast poly(A) RNA revealed a major transcript of 5.3 kb and
two lower molecular weight ones of 4.7 and 4.4 kb. Both of the
smaller RNAs are present in relatively minor amounts. The
existence of multiple transcripts is typical of many collagen
types. Some of the length differences are due to alternate use
of poly(A) attachment sequences and others result from use of
alternate promoters and differential splicing (1-3). Although
we have yet to ascertain the origin of the three RNAs recog-
nized by the PF19 probe, even the smallest transcript is of
sufficient size for translation of the 125-kDa protein.

The al1(XV) RNA is present in moderate levels in human
fibroblasts and is absent from human umbilical vein endo-
thelial cells. Accordingly, it is also found in bovine lung
fibroblasts and smooth muscle cells, whereas first examina-
tion of several bovine endothelial cell lines was negative (data
not shown). Though the amount of a1(XV) RNA in cultured
cells approximates that of a«2(V), comparison of its expres-
sion with collagen types I, III, IV, and V shows most
similarity to type I. Therefore, we could speculate that along
with the majority of collagens, type XV may be distributed in
a tissue-specific pattern resembling that of type I collagen.
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