Journal of Cellular Biochemistry 27:169-174 (1985)
Membrane Receptors and Cellular Regulation 129-134

A 38 Base Pair Insertion in the Proo2(l)
Collagen Gene of a Patient With Marfan
Syndrome
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Abnormalities in type I collagen have been recognized in a number of connective
tissue disorders. In the Marfan syndrome, an autosomal dominant condition
producing a generalized abnormality in connective tissue, no consistent abnormal-
ity has been identified, although one individual has been found to have an
elongated proa2(I) collagen chain [Byers et al, Proc Natl Acad Sci USA 78:7745,
1981]. To determine the nature of the alteration in the gene that produced this
abnormality, we studied the proa2(I) gene from this individual by genomic blotting
and gene cloning. Genomic mapping studies detected no abnormalities. However,
analysis of the cloned segment of the proa2(I) collagen gene from the Marfan
individual indicates that the gene contains a 38 base pair insertion in an intron
near the collagenase cleavage site. Although the relationship of this insertion to
the protein abnormality is unclear, it may be a useful marker for the diagnosis of
the Marfan syndrome.
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Defects in collagen synthesis and structure produce a wide variety of disorders
of connective tissue. A number of defects of type I collagen have recently been
reported to produce osteogenesis imperfecta, explaining in part the clinical heteroge-
neity within this disorder [1-3]. Likewise, it is possible that a number of different
gene defects produce the clinical manifestations of the Marfan syndrome. Patients
with this disorder characteristically have arachnodactyly, ocular lens dislocation, joint
laxity, and cystic medial necrosis of the aorta, but many patients do not manifest all
of these abnormalities. Such variation in the clinical manifestations of this disorder
occurs even among affected members of the same family in whom the gene defect is
presumably identical.
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A defect in collagen metabolism has been suspected in the Marfan syndrome
because abnormally soluble collagen has been found in some patients with this
disorder [4-6]. In 1981 Byers et al [7] reported a 20-25 amino acid insertion in one
of the proc2(I) collagen protein chains of a patient with arachnodactyly and cystic
medial necrosis of the aorta. Protein studies indicated that the insertion was near the
collagenase cleavage site, which is between amino acids 775 and 776 [8] (Fig. 1). We
have attempted to determine the site and nature of this defect at the DNA level in
order to develop methods for detecting affected individuals before the complications
of the disease are manifested. Furthermore, we were interested in determining the
mechanism by which an insertion in the protein could be produced. In previous
studies we and others have isolated and identified specific landmarks on the proa2(I)
collagen gene [8,9] (Fig. 1). These include the exon encoding amino acids 532 to 567
in the EcoRI fragment labeled 2.8A [9], and exons encoding the collagenase cleavage
site in the EcoRI fragment labeled 2.8B [8]. Immediately 5' to the exon encoding the
collagenase cleavage site is an Alul repetitive element [8,9]. We first chose to examine
the gross organization of the proa2(I) gene from this individual by Southern blotting
[10]. Our study of the proa2(I) collagen gene was focused on that region of DNA
encoding amino acids 532-776 because studies on the abnormal protein localized the
protein abnormality to that region.

MATERIALS AND METHODS

Isolation of high-molecular-weight DNA from cultured fibroblasts was by a
minor modification of the method of Mears et al [11]. Analysis of high-molecular-
weight DNA by Southern blot-hybridization [10] was as reported except that hybridi-
zation was performed in 10% dextran sulfate. Hybridization probes were prepared by
nick translation of fragments of the normal human proa2(I) collagen gene.

A human DNA bacteriophage library was prepared by ligating the HindIIl
cleaved genomic DNA fragments to HindIll cleaved Charon 28. Packaging was as
previously reported [9].

Sequencing of the cloned collagen fragments was performed by subcloning
appropriate fragments in M13 mp8 and mp9 followed by Sanger dideoxy termination
sequencing [12].

RESULTS

This patient’s proa2(I) collagen gene (20 kb) was studied by EcoR1 digestion of
genomic DNA, Southern blotting, and hybridization to nick translated probes derived
from cloned fragments 3.3, 5.2, 1.4, 2.8A, 1.2, 2.8B, and 4.0 from the normal gene
(Fig. 1). No difference was observed between control and Marfan restriction frag-
ments, indicating the absence of a large deletion or insertion in this 20 kb region of
DNA (data not shown).

Based on the analysis by Byers et al [7] of the abnormal collagen peptide
produced by this patient, we felt that the defect in the gene would likely lie near the
collagenase cleavage site. We therefore prepared a HindIII genomic DNA bacterio-
phage library from the DNA of the patient with Marfan syndrome and screened that
library with the 1.2 and the 4.0 kb EcoRI fragments that encode the region flanking
the collagenase cleavage site. Of several recombinants identified, one, AHM-I, con-
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Fig. 1. Partial map of the human proa2(I) collagen gene. A 20 kb pair region of the proa2(I) collagen
gene is represented in the figure and includes relevant landmarks (8,9]. The inserts from X bacteriophage
recombinants containing cloned segments of the normal collagen gene (\Hproa2(I)1) {8] and the Marfan
collagen gene (AHM-1) are displayed above the region of the gene to which they correspond. Restriction
endonuclease sites EcoRI (E); HindIII (H).

tained a 5.2 kb HindIII fragment, which we compared by restriction endonuclease
mapping to the recombinant AH proa2(I)-I representing a comparable region of the
proa2(l) gene of a normal control (Fig. 1). Both recombinants were digested with
EcoRI. Different mobility was observed on agarose gel electrophoresis of the corre-
sponding 1.2 kb EcoRI fragments obtained from the digested Marfan and control
recombinants. For detailed mapping studies, the 1.2 kb EcoRI fragments obtained
from Marfan and control recombinants were subsequently subcloned into pUC 9 and
pBR322, respectively. Further characterization of the Marfan and control 1.2 kb
EcoRI fragments was performed by digestion with EcoRI and Xbal (Fig. 2A). This
yielded two bands in addition to the plasmids on agarose electrophoresis; the 800 bp
fragment was of equal size in both Marfan and control lanes. However, the smaller
Xbal-EcoRI fragment of approximately 400 bp migrated more slowly in the Marfan
DNA lane than in the control DNA lane. The slower migrating fragment was
calculated to be almost 40 bp larger. The smaller (400 bp) EcoRI-Xbal fragments
from Marfan and control were subcloned into MI13-mpll and M13-mpl0 and the
DNA sequence was determined by the Sanger dideoxy termination method [12] (Fig.
2B). A 38 bp insertion was found in the Marfan DNA 63 bp from the EcoRlI site. The
DNA sequence of the remainder of the 400 bp fragment was identical in Marfan and
control.

DISCUSSION

We have analyzed these data to determine if the alteration in this gene is
responsible for the alteration that has been described in the proa2(I) collagen chain
from this patient. By necessity, the mutation would have to alter the proa2(I) mRNA
to produce the protein alteration and could occur by two possible mechanisms. First,
the insertion, if in an exon, could remain in the spliced mRNA and directly encode
extra amino acids in the protein product. Our analysis of the entire base sequence of
the EcoRI-Xbal fragments fails to identify any segment that would encode typical
collagen « helical protein. This sequence should be easily identifiable because in
collagen every third codon is for glycine, producing the Gly-X-Y repeating pattern.
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Fig. 2. A) Comparison of the 1.2 kb EcoRI fragments isolated from AHM-1 and NHproa2(I)1. Marfan
(M) and control (C) 1.2 kb EcoRI fragments were digested with Xbal (X) and EcoRI (E) and separated
on 1.3% agarose gel. B) partial DNA sequence of the 400 bp EcoRI-Xbal fragments from control (C)
and Marfan (M) proa2(I) collagen genes demonstrating the 38 bp insertion in the Marfan DNA. The
position of the 38 bp insertion in the negative DNA strand sequence of the Marfan gene is indicated by
asterisks at the appropriate position beside the radioautograph of the sequencing gel. The sequence of
the complementary, transcribed strand is shown here. The asterisks illustrate the position of the 38 bp
insertion which is underlined below.

5'CCTATATGAAGCTGC*CTACCTCCTACTCCTTGGTCTATTCCTGGTCACATGTA*CTGATTTTCCAAAAC 3”

Futhermore, we compared the sequence of the EcoRI-Xbal fragment with the cDNA
sequence, which includes this region of the gene [13]. Again, no significant homology
was found. We therefore conclude that the insertion is not located in a usual exon and
that the altered protein is not explained by this mechanism.

A second possible way of explaining the abnormality in this patient is that the
insertion results in an alteration in precursor collagen RNA splicing. We examined
the insertion for typical consensus splice site sequences and found no homology for
either a donor or acceptor consensus splice site (requiring 60% homology). However,
we have identified a 54 bp exon 89 bases 3’ to the site of the 38 bp insertion. We
therefore searched the region surrounding the insertion for any cryptic acceptor splice
sites. Five potential sites were identified, but none had a high degree of homology
with the consensus acceptor sequence (E)IIEN AG/G. It is possible that the insertion,
by altering the secondary structure of the RNA, causes utilization of an alternative
acceptor splice site thereby increasing the size of the resultant messenger RNA. These
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possibilities can only be confirmed by functional analysis of collagen RNA derived
from the patient we have studied. In general, however, mutations that affect RNA splic-
ing, as in the B-thalassemias [14], have resulted in an unstable messenger RNA and
reduced synthesis of the protein product. In the analysis of Byers et al [7], the
elongated and the normally sized o2(I) chains were present in approximately equal
amounts.

DNA insertions have now been reported in mouse immunoglobin genes [15], a
Drosophila cuticle protein gene [16], and maize Adhl genes [17] and have been
shown to interfere with normal gene expression. A large DNA insertion has also been
described in the human apolipoprotein Al gene [18] of a patient with premature
atherosclerosis, although its role, if any, in the production of the disease is not known.
Likewise, the alteration we describe in this gene cannot be demonstrated to have an
etiologic basis for the elongated «2(I) collagen chain or the Marfan syndrome in this
patient. However, the insertion may have been the result of a genetic event that
introduced other changes in this gene or may be totally unrelated to the abnormality
in the o2(I) collagen chain. In either case this insertion may represent an insertion
polymorphism, and, as such, it could represent a useful linkage marker for the
diagnosis of the Marfan syndrome if it is on the same chromosome as the mutation
responsible for the Marfan phenotype.

We have attempted to determine whether or not the insertion can be detected by
genomic blotting studies. We find that, though variation in the EcoRI-Xbal fragment
mobility in agarose gels can be detected on cloned fragments, Southern blotting
analysis of genomic DNA does not reproducibly detect differences. Furthermore, no
new useful restriction endonuclease site is produced by the insertion; although new
BstNI, EcoRII, Mnll, Rsal, and Scrl sites are produced, the new fragments are all
less than 150 bp and are not identifiable on genomic blotting studies for technical
reasons. The insertion should be identifiable with a homologous synthetic oligodeox-
ynucleotide probe, corresponding to the insertion sequence, if it is not a repeated
sequence. Using techniques used in this study it should be possible to determine by
family studies the relationship between this DNA variant and the Marfan syndrome.
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