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SUMMARY

Type IV (al and a2 chains) appears to be the only procollagen present
in basement membranes. The structure of this protein is highly diver-
gent from the interstitial and type V procollagens as exemplified by
the interruptions in the Gly-X-Y region and unprocessed amino and
carboxyl noncollagenous peptides. To expand our knowledge con-
cerning the primary sequence of type IV and to investigate the factors
influencing its unique distribution, we recently isolated cDNA clones
coding for part of the human acI(IV) chain. To determine if the al(IV)
gene was cytologically linked to other procollagen genes that have
been assigned to autosomes 17, 12, 7, and 2, overlapping clones cover-
ing 2.6 kilobases (kb) of the al(IV) mRNA were used together for in
situ hybridization to human metaphase chromosomes. Here, we show
precise localization of otl(IV) at the telomere of 13q, thereby defining
a fifth chromosome that contains members of this large and surpris-
ingly dispersed multigene family.

INTRODUCTION

Basement membranes are widely distributed in the body; they provide support
for epithelial and endothelial cells and serve as a filter between blood and
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tissues (for reviews, [1-3]). Two high molecular weight glycoproteins, laminin
and type IV procollagen, are the major constituents of these extracellular ma-
trices. Type IV procollagen, consisting of al and a2 chains, has an unusual
structure and a different tissue distribution as compared to the interstitial types
I, IL, and III and the pericellular type V [1-3]. Although related overall to the
others by the presence of a central collagenous domain and noncollagenous
propeptides, the type IV components are distinguished by interruptions in the
Gly-X-Y repeating sequence and by retention of the terminal amino and car-
boxyl extensions after secretion [4-9]. Clarification of the type IV primary
structure has come from two sources: isolation and sequencing of specific
peptides or of cDNA clones that encode the protein [10-15]. We have been
involved in the second approach since the recombinant molecules can also
serve as probes for identifying al(IV) mRNA in differentiated cell types,
chromosomal mapping, and, ultimately, gene analysis. Here, we report on our
continuing studies designed to further elucidate the organization of this mul-
tigene family in the human genome.

Recently, we characterized overlapping human al(IV) clones coding for the
COOH-terminus of the a-chain, the 3' noncollagenous peptide, and the entire
3' untranslated region ([15] and our unpublished data, 1985). Comparison of
al(IV) with the structurally related interstitial and a2(V) procollagens showed
that although oxl(IV) is extremely divergent there is limited homology in select
areas, perhaps defining conserved functional domains [15]. To ascertain if
al(IV) was linked to the other procollagen genes encoding these proteins, we
employed the chromosomal in situ hybridization technique that permits precise
regional assignment of the locus. Previously, this procedure allowed us to
determine that the al (III) and a2(V) genes are located in the q24.3-+q31 region
of chromosome 2 [16]. Prior to this observation, no site with more than one
procollagen gene had been described, since al(I), a2(I), and al(IL) are dis-
persed on chromosomes 17, 7, and 12, respectively [17-20]. For the experi-
ments presented here, we concomitantly used two al(IV) clones that have in
common 100 nucleotides and together code for 2.6 kb of the 6.5-kb al(IV)
mRNA [15]. Hybridization of these cDNAs to normal metaphase chromosomes
sharply delineated the al(IV) locus at band q34 of chromosome 13. This repre-
sents a fifth autosome with procollagen loci, suggesting that molecular conti-
guity does not play an important role in the expression of at least several
members of this gene family.

MATERIALS AND METHODS

In Situ Hybridization Probes

The probes used for the chromosomal mapping studies were two al(IV) cDNA clones
isolated from a normal fibroblast library (fig. 1). The 3' clone, NB-3, contains a 1-kb
insert coding for most of the 3' untranslated region ([15] and our unpublished data,
1985). The 5' clone, KK4, overlapping NB3 by about 100 nucleotides, contains a 1.7-kb
insert coding for the 5' portion of the untranslated region, the 229 residue C-terminal
peptide, and 182 amino acids of the Gly-X-Y region including a four amino acid interrup-
tion [14, 15].
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FIG. 1 -Restriction maps of human al(IV) procollagen cDNA clones. The regions of the (XI(IV)
chain encoded by the cDNA clones are shown at the top. The 1-kb insert of NB3 corresponds to
most of the 3' untranslated region, and the 1.7-kb insert of KK4 codes for the COOH-terminus of
the collagenous domain, the C-terminal propeptide, and part of the 3' untranslated region. DNAs
were inserted into the PstI site of pBR322 (asterisks).

In Situ Hybridization to Metaphase Chromosomes

Metaphase chromosome spreads were prepared from peripheral blood lymphocytes
of normal males having a 46,XY karyotype using standard techniques [21]. In situ
hybridization and autoradiographic procedures were performed essentially as described
[22]. Probe DNA was 3H-labeled by nick-translation to a specific activity of 2 x 107
cpm/,pg, separated from unincorporated nucleotides on a Sephadex G-50 column, and
ethanol precipitated with salmon sperm carrier DNA. DNA was resuspended in a hy-
bridization mixture consisting of 50% formamide/2 x SSC/10% dextran sulfate, pH 7.0,
denatured for 5 min at 70'C, and added to the slides. The first experiment was carried
out using the probe NB3 at a final concentration of 0.07 pg/ml. The three subsequent
experiments were performed with equal microgram amounts of NB3 and KK4 totaling
0.035 or 0.07 pug/ml. After incubation for 18 hrs at 370C, the slides were washed in 50%
formamide, 2 x SSC at 390C.

RESULTS

Pro al(IV) cDNA Clones
Restriction maps of the two human procollagen al type IV cDNA clones are

shown in figure 1. NB3 was identified using a mouse type IV clone coding for
the 3' part of the untranslated region (our unpublished data, 1985, and [11]), and
the 5' clone, KK4, was later isolated by hybridizing the cDNA library to NB3
[15]. DNA sequences and derived amino acids of the COOH-terminus of the
collagenous region are reported in figure 2. Comparison of the residues with the
published protein sequence obtained by peptide analysis [14] demonstrated that
the clones encode part of the al chain of human type IV procollagen.

Chromosomal Localization of the Human al(IV) Procollagen Gene

To determine the chromosomal location of the a1(IV) procollagen gene, four
independent experiments were performed. In experiment 1, the first a1(IV)
clone isolated, NB3, was used for in situ hybridization. Twenty-three meta-
phase spreads were examined in which 78 grains were on chromosomes. Of
these, 22% were located on chromosome 13, and 15 of 17 grains were found in
the q32-->34 region. No other site had more than two grains. For the next three
experiments, a 1.7-kb overlapping clone, KK4, was combined with the 1-kb
clone NB3, which together code for 2.6 kb of the al(IV) mRNA. The final DNA
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PROTEIN Gly Phe Asp Gly Ala Hyp Gly Gln Hyl Gly Glu Met Gly Pro Ala Gly Pro Thr Gly Pro Arg

CLONE rGly Phe Asp Gly Ala Pro Gly Gln Lys Gly Glu Met Gly Pro Ala Gly Pro Thr Gly Pro Arg[GGG TTT GAC GGT GCC CCT GGC CAG AAA GGA GAG ATG GGA CCT GCC GGG CCT ACT GGT CCA AGA]
866 886

PROTEIN Gly Phe Hyp Gly Pro Hyp Gly Pro Asp Gly Leu Pro Gly Ser Met Gly Pro Hyp Gly Thr Pro

CLONE rGly Phe Pro Gly Pro Pro Gly Pro Asp Gly Leu Pro Gly Ser Met Gly Pro Pro Gly Thr Pro
LGGA TTT CCA GGT CCA CCA GGC CCC GAT GGG TTG CCA GGA TCC ATG GGG CCT CCA GGC ACC CCAJ
887 907

FIG. 2.-Amino acid sequences derived from the al(IV) procollagen cDNA clone. Shown are the
nucleotides and derived amino acids from the cDNA clone KK4 and the human al(IV) protein
sequence reported by Babel and Glanville [14]. Residues 866-907 are the COOH-terminus of the
acl(IV) 95-K collagenous fragment. Adjacent to this region is the 229 amino acid C-terminal noncol-
lagenous peptide [15]. Sanger dideoxy DNA sequencing was carried out essentially as described by
Messing [23].

concentration in experiment IL was 0.035 jig/ml, and in experiments III and IV,
0.07 ,ug/ml. Consistent with the first results, the predominant site of hybridiza-
tion in these three experiments was the long arm of chromosome 13 (13q) with
24%, 31%, and 25% of the total grains (table 1 and fig. 3). The chromosomal
distribution of all grains from the four experiments is shown in figure 4. In each
study, the number of grains localized to 13q32- >13q34 represented 6-10 times
the number on a chromosomal region of similar length. Since 14%, 20%, 23%,
and 23% of the total grains in the four analyses were found at 13q terminus, the
procollagen aol(IV) locus was more precisely assigned to 13q34.

DISCUSSION

Of the four closely related interstitial procollagens [24-31] encoded by genes
on different chromosomes [16-20], otl(I), a2(I), and cxl(III) are present in most
tissues, while al(II) has a specific location in cartilage [1, 3]. The one type V
procollagen gene [a2(V)] [32] mapped so far is in the same region of chromo-
some 2 as oxI(III), and whether this has an effect on their coordinate regulation
remains to be determined [16]. These two genes in addition to oxl(I), a2(I), and
otl(IV) are expressed in normal cultured fibroblasts [15, 31, 32], but our recent
experiments show that only otl(III), ac2(V), and otl(IV) transcripts are found in
human umbilical endothelial cells, with the latter species predominating (our
unpublished data, 1985). Therefore, the studies presented here provide addi-
tional evidence that chromosomal distribution of a number of procollagen

TABLE 1

HYBRIDIZATION OF al(IV) PROBES TO NORMAL METAPHASE CHROMOSOMES

Probe Experiment no. No. metaphases No. grains Grains on 13q

NB3 .......... 1 23 78 17/78 = 22%
NB3 + KK4 ... 2 100 189 46/189 = 24%
NB3 + KK4 ... 3 27 74 23/74 = 31%
NB3 + KK4 . .. 4 75 180 46/180 = 25%

Total ............................ 225 521 132/521 = 25%
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FIG. 3.-In situ hybridization of al(IV) procollagen cDNA clones. The autoradiograph shown is
representative of the pattern obtained from hybridization of the a (IV) clones to normal metaphase
chromosomes (46,XY). Arrows indicate grains on distal termini (q34) of both chromosome 13
homologs.
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FIG. 4.-Histogram of grains distributed on metaphase chromosomes. The profile shows the

grain localizations from the four independent in situ hybridization studies. The first experiment was
carried out using the tritium-labeled probe NB3 and the three subsequent ones with both NB3 and
the overlapping DNA probe KK4 (fig. 1). Abscissa represents the chromosomes in their relative
size proportions, and ordinate shows the distribution and no. silver grains.
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genes is not strictly correlated with either structural similarities of the polypep-
tide chains or expression of the mRNAs.

Sublocalization of al(IV) to 13q34 shows this locus to be at a significant
distance from the q14 region that is known to be involved in retinoblastoma [33,
34]. Carriers of the mutant allele are predisposed to develop this intraocular
tumor of childhood. Investigators have generated a series of cloned anonymous
DNA fragments from chromosome 13 that contain restriction fragment length
polymorphisms in order to examine somatic genetic changes related to
tumorigenesis. Further identification of such sites at the al(IV) locus will not
only be valuable for these studies, but also for establishing if linkage exists
between inheritance of an otl(IV) allele and genetically transmitted diseases
affecting basement membrane such as Alport syndrome and adult polycystic
renal disease [2].
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AN INTERNATIONAL CONFERENCE ON QUANTITATIVE GENETICS
will be held May 31-June 5, 1987, in Raleigh, North Carolina. To be placed on
the mailing list for future announcements or to seek further information about
the conference, please write to: Dr. B. S. Weir, Conference Secretary, Depart-
ment of Statistics, North Carolina State University, Box 8203, Raleigh, NC
27695-8203.
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