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ABSTRACT

We have isolated a human collagen al(I)-like gene from a cosmid
library.
The clone which contains 37kb of human DNA has been shown to
contain this gene by DNA sequencing, hybrid arrest and hybrid selection
assays and Northern blot hybridizations.
The collagen gene sequence
extends through most of the cloned DNA and must, therefore, be at least
35kb in length.
INTRODUCTION
Collagen is one of the most important and abundant proteins of
vertebrate connective tissue.
At least 5 genetically distinct types of
collagen have been identified and each tissue expresses one, or several, of
these types.
The types of collagen are assembled from 9 different chains encoded by distinct genes (1, 2 ) . Nothing is known of the copy number or
extent of polymorphism of these genes, and the number of genes in this family
may indeed be much greater than 9. It is clear however that the regulation
of the different collagen genes is basic to the development and differentiation of vertebrates.
The most abundant and best studied of the vertebrate collagens is
Type I, a heteropolymer of two al(I) chains and one a2(I) chain (1, 2 ) .
In vivo these molecules are synthesized as large precursor pro-a chains which
associate to form procollagen.
Genomic clones for the entire chick «2(I)
(3, A) and part of the sheep i2(I) gene (5) have been isolated and reveal
several extraordinary features.
First, 5kb of coding sequence are contained
within a gene at least 38kb in length.
Second, the coding sequence is interrupted by 50 intervening sequences, the largest number found in a gene to
date.
Third,
the sire of the coding regions is most frequently 54bp, or
18 amino acids, in length.
Others are 108 (2 x 54), 99((2 x 54/ - 9 ) ,
45 (54-9). On the basis of these findings 54bp has been proposed as the
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size of the primordial collagen gene (6, 7 ) .
We report here the isolation and characterisation of a human collagen
ol (I)-like gene as a cosmid recombinant. This clone contains 37kb of
human DNA and may contain the entire gene.
MATERIALS AND METHODS
The general procedures for the screening of cosmid libraries,
growth and analysis of cosmid recombinants, nick translation and blothybridizations were performed as described previously (15). DNA sequences
were determined as in Maxam and Gilbert(24).
Hybrid-arrested translation of procollagen mRNA
+
9
Total polyA RNA was prepared from approximately 10 human skin
fibroblaats as previously described (8). DNA (5ug) was dissolved in
deionized formamide, heated to 90°C for 5 min., cooled and hybridized with
2ug polyA+ RNA in 802 formamide, 0.4M NaCl, 20mM PIPES pH6.A for 3h at 48°C.
The hybridization mixture was diluted 1 in 3 with ice-cold water and divided
into 2 aliquots, one of which was heated at 90°C for 30 sec.
The RNA-DNA hybrids were precipitated with 2.5 vols. ethanol,
redissolved and translated in a messenger-dependent reticulocyte cell-free
system (9) under conditions optimal for procollagen mRNA (10). The translation products were analysed on SDS-polyacrylamide gels (10Z) as described
previously (10).
Hybrid-selected translation of mRNA
The EcoRI fragments of cosH col.I the chicken al(I) cDNA probe and
a chicken actin cDNA probe (gift of D. Cleveland, Johns Hopkins University,
Baltimore, USA) were each linked separately to diazobenzyloxymethyl (DBM)
paper discs essentially as described by Alwine et al. (12) and Goldberg et al.
(13).
These fragments were prehybridized for l-2h at 37°C in a mixture
containing 50Z formamide, 0.9M NaCl, 20mM PIPES pH6.4, lmM EDTA, 0.2J SDS,
0.5|ig/ul calf liver tRNA (Boehringer Mannheim) and 0.5(Jg/ul polyA (Sigma).
Human fibroblaet total polyA RNA (0.2ug/ul hybridization volume) was hybridized to these DNA fragments for 6h at 37°C in the same mixture, except polyA
was excluded.
At the end of the hybridization period the mRNA mixture was
removed, diluted with ice-cold water and precipitated with 2.5 vols. ethanol.
The DBM paper discs were washed twice for 10 min at 37 C in prehybridization
buffer; 6 times with 1 x SSC (150mM NaCl, 15mM tri-sodium citrate) 0.2Z
SDS for 5 mins each at 37°C; twice in lOmM Tris-HCl pH7.4, 2mM EDTA for
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5 min.,each at 37°C.
The mRNA hybridized to the DNA waa eluted in 20mM
PIPES pH6.4, lmM EDTA, 0.2Z SDS for l-2h at 37°C, diluted 1 in 3 with icecold water and precipitated with ethanol. The bound and unbound mRNAs
were translated in the reticulocyte lysate cell-free system and the translational products analyzed in SDS-polyacrylamide gels as before.
RNA blotting (Northern) experiments
Fibroblast polyA RKA was denatured in 50Z formamide, 6% formaldehyde, 20mM morpholinepropanesulphonic acid (MOPS) pH7.0, 5mM sodium
acetate and lmM EDTA, electrophoresed in a 0.8Z agarose gel containing 2.2M
formaldehyde and blotted onto nitrocellulose as described by Crain et al.,
(14).
The filters were prehybridized at 42°C for 3-4h in 50Z formamide,
5 i SSC, 16.6mM pho3phate buffer (pH7.2), 0.1X sodium pyrophosphate, 0.02Z
Ficoll (Pharmacia), 0.02Z polyvinylpyrrolidone (Pharmacia), 20ng/ml nucleasefree bovine serum albumin, 100ng/ml denatured salmon sperm DNA (Sigma), 10Z
dextran sulphate (Pharmacia).
Where the DNA probe was known to contain
repetitive sequences, human DNA at 30ug/ml was included in the prehybridization and hybridization mixtures. The EcoRI fragments of cosH col.l, pCg5A
32
and the actin cDNA clone were labelled with
P-dCTP (Amersham, U.K. specific
activity 3000CiAmol) by nick-translation and hybridized to the RNA blots for
18-24h at 42°C in the same buffer as for prehybridization.
After hybridization the filters were washed 4 times for 5 min. each in 2 x SSC.O.1Z SDS
at 20°C and twice for 15 min. each in 0.1 x SSC, 0.1Z SDS at 50°C. The
filters were dried and exposed to Kodak X-Omat S film at -70°C. The sizes
of the mRNA molecules which hybridized to labelled probe were determined
from a calibration curve made from the mobilities of fragments of ribosoroal
RNA of known molecular weight obtained from ppp(A2'p) A-treated mouse cells
(gift of R.H.Silverman, ICRF, London).
RESULTS
Isolation of a human collagen gene cosmid
We have previously described the construction of a human cosmid
library using the vector pJB8 (15). We screened this library using as probe
the chicken procollagen al(I) cDNA clone pCg54 (16). Several positive
colonies were picked and after preliminary analysis, one clone, cosH col.l was
selected for further work.
The restriction map for this cosmid is shown in Fig. 1. The regions
of the cosmid that contain the helical- and C terminal-coding segments of the
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Fig. 1. Restriction map of cosH col.l.
The EcoRI sites at the ends of the insert were generated during the construction of the human cosmid library using the vector pJB8 (15). The 1.1kb PstI
fragment was isolated (pPstl) for DNA sequence analysis; its location is
indicated.
The location of sequences, coding for helical and C-terminal
region or containing repetitive sequences are indicated.
(B) BamHI; (C) Clal; (E) EcoRI; (H) Hindlll; (K) KpnI.
The numbers refer to the size of the EcoRI fragments in kilobase pairs.
gene were localised by hybridization of the relevant portions of the chicken
al(I) cDNA plasmid (see Fig. 2). In this way, the C terminal region was
localized to a 3.8kb EcoRI fragment (E3.8) of the cloned DNA, while the helical
segments were localized in
E7.3, E9.3 and E3.8.
These are placed
on the map of Fig. 1; this shows that the C-terminal segment is near one
end of the clone, while the helical segments extend through most of the
remainder of the human DNA.
Since the chicken cDNA probe used only covers
the 3' terminal regions of the helical segments, the extent of the helical
segments on the cosmid may well be an underestimate.
Regions containing
highly repetitive sequences were localized by hybridizing EcoRI digested
32
coaH col.l with
P nick-translated human placental DNA.
Both the E5.2,
which is located within the collagen gene, and the 5' terminal fragment E3.2
hybridize strongly to this probe (Fig. 2 ) .
CosmidH col.l specifically binds human procollagen al(I) mRNA
To determine which collagen gene we had isolated, we assayed for
the ability of the cloned DNA to hybridize specifically to procollagen mRNA.
To do this, we first subcloned a PstI fragment (pPstl) which hybridized
strongly to the chicken pCg54 collagen ol(I) cDNA plasmid.
Total fibroblast
polyA RNA was hybridized to pPstl and the mRNA-DNA hybrids translated in a
messenger dependent reticulocyte lysate cell-free system.
The cell-free
translation of procollagen al(I) mRNA was specifically arrested by hybridization of mRNA to pPstl, but when the mRNA-DNA hybrid was disrupted by heating
to 90 C a polypeptide corresponding to procollagen al(I) chain was synthesized.
The cell-free synthesis of the procollagen «2(I) chain was unaffected by

1984

Nucleic Acids Research

CMCW in

to

I-~

> -21.5
-5.2
"5.0
"4.3
-3.4 -

-2.0
-1.9
-1.6
-1.4

Analysis of cosH c o l . l by Southern b l o t hybridization.
Ethidium bromide s t a i n i n g
Autoradiographs 3_
Hybridized with
P-labelled Kpn-HindIII fragment of pCg54 which
corresponds to e s s e n t i a l l y the whole i n s e r t .
Hybridized with -^p-ia^gHed 63Obp fragment of pCg54 coding for
h e l i c a l region (see Fig. 2b).
Hybridized with 3 2 p - i a b e l l e d 36Obp fragment of pCg54 coding for
C-terminal region (see Fig. 2b).
Hybridized with 3 2 P - l a b e l l e d human placental DNA.
E
I x Hindlll/EcoRI
track
cosH c o l . l digested with BamHI and EcoRI
cosH col. l digested with EcoRI
cosH col.l digested with Kpnl and EcoRI
cosH col. l digested with BamHI and Kpnl
cosH col.l digested with BamHI
cosH col. l digested with Kpnl
The 5.2kb band detected by the 360bp probe and the Kpn Hindlll fragment of
pCg5A i s the cosmid vector pJB8 which hybridizes to traces of contaminating
pBR322 from the pCg54 preparation.
hybridization to pPstl (data not shown). In addition, a hybrid selection experiment was performed; pPstl was bound to DBM paper and fibroblast polyA mRNA
was hybridized to this immobilized DNA. As controls, pCg54 and a chicken
actin cDNA clone were used.
The hybridized RNA was then eluted and trans-
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Schematic map of pCg54 showing the fragments used as probes.

Fig. 3

shows that again the synthesis of pro a l ( I ) , but not pro

a2(I) collagen is directed by the mRNA bound to both pPstl and pCg54.
The DNA sequence of a segment of cosHG identifies an a(I)~like collagen gene
To establish the identity of the collagen gene in cosH a o l . I , we
determined the DNA sequence of the subclone pPstl.

The sequencing strategy

and the general structure of this region is shown in Fig. 4
sequence is shown in Fig. 5.
a collagen gene.

and the DNA

The sequence shows the presence of 5 exons of

We aligned the polypeptide sequence predicted from this

with the sequence of collagen a l ( I ) of both chicken and calf (17, 18).

The

human sequence shows homology with both sequences from residues 838 to 937
(Fig. 6).

There is no identifiable region of similarity with collagen a2(I).
Comparison of amino acids 838-937 from the chick and calf ocl(I)

chains reveals about 90X homology in the non-glycine residues.
shows only 60-65Z homology with these sequences.

Our clone

Greater conservation

across species might be expected for a particular chain type and we therefore
cannot exclude that we have cloned a collagen gene other than a l ( I ) .

cosH

col.l cannot however contain the a l ( I I I ) gene expressed by fibroblasts because
our DNA sequence does not correspond with the published amino acid sequence of
the human a l ( I I I ) chain (25) cosH c o l . l also cannot contain the otl(II) gene
because i t does not hybridize with chick cartilage polyA

mRNA, which includes

a l ( I I ) mRNA (data not shown), nor does i t show homology with this region of
the calf a l ( I I ) chain (W. Butler, personal communication).

He therefore

propose that cosH c o l . l is either the human ccl(I) gene, a closely related
ocl(I)-like gene, or pseudogene (see Discussion).

For the remainder of this

a r t i c l e we shall refer to the gene cloned in cosH c o l . l as the human collagen
al(I) gene.
The gene structure of this region is very similar to that
previously described for the chicken and sheep collagen a2(I) genes, since
the three complete exons are a l l multiples of 54 nucleotides (54, 108 and 54
nucleotides respectively (3, 4, 5) ) .
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Fig. 3 .
Hybrid-selected translation of human fibroblast mRNA.
Fluorograms of SDS polyacrylamide gels of translation products labelled with
35s-roethionine.
Tracks; 1, pro-al(I) and pro-a2(I) standards; 2, translation products of residual mRNA not selected out by the different DNA
fragments;
3, translation products of fibroblast mRNA; 4, products of pPstl
selected mRNA; 5, products of pCg54 (chicken a l ( I ) cDNA clone) - selected
mRNA; 6, translation products of actin cDNA-selected mRNA; 7, polypeptide
molecular weight markers (Amersham Radiochemicale U.K.).
Tracks 1-3 and 6-7 represent shorter exposure times than tracks 4 and 5
because of the high incorporation of radioactivity in the former.
Longer
exposure of track 6 does not show any polypeptide of similar molecular size
to pro-otl(I) or pro-a2(I) chains, but does show the products up to 92.0OOMW
seen in tracks 4 and 5.
These are also observed in the absence of added
mRNA (not shown).
The products of cell-free translation of procollagen mRNA do not undergo the
post-trans lational modification of glycosylation and hydroxylatton which occur
in vivo.
Therefore unhydroxylated
C -proline labelled type I pro—a
chains were used as standards.
The translation products do not comigrate
exactly with these standards because they are synthesized as pre-proforms
but their collagenous identity has been established previously (10).
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