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ApoB gene Mspl RFLP in exon 26 changes amino
acid 3611 from Arg to Gin

Li-Shin Huang, Jacqueline de Graaf, and Jan L. Breslow

Rockefeller University, New York, NY 10021

Abstract An apolipoprotein B gene Mspl RFLP was identified
by the use of a probe to a portion of the 3' end of the gene. By
Southern blotting analysis after digestion with Mspl, this probe
detected either a 9 kb or a 2.6 kb fragment. Family studies showed
that these corresponded to alleles that segregated in a simple
Mendelian fashion. The minor allele (9.0 kb) had a frequency
of approximately 12% in an unrelated Caucasian population.
Restriction mapping showed that the minor allele was due to the
loss of an Mspl site in exon 26. Sequencing of both alleles in the
region containing the polymorphic Mspl site revealed a single-
base pair alteration which abolished the Mspl site at codon 3611
of the mature apoB protein. In the major allele, this codon is
CGG, which specifies Arg; whereas in the minor allele, it was
CAG, which codes for Gln.— Huang, L-8., J. de Graaf, and ]J.
L Breslow. ApoB gene Mspl RFLP in exon 26 changes amino
acid 3611 from Arg to Aln. J. Lipid Res. 1988. 29: 63-67.
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Apolipoprotein B-100 (apoB-100) is the major protein of
low density lipoprotein (LDL). It is the ligand for the
LDL receptor, which mediates high affinity cellular LDL
uptake (1). Recent studies show that apoB-100 mRNA is
14,121 bases in length (2, 3) and codes for a 4563-amino
acid long protein containing a 27-amino acid signal pep-
tide (4, 5). The apoB gene maps to chromosome 2 p24-
pter, is 43 kb in length, and contains 28 introns (6-8).

In epidemiological studies, LDL-cholesterol and apoB
levels are positively correlated with coronary heart disease
incidence (9). Because of the role of apoB in lipoprotein
and cholesterol metabolism, genetic variations in apoB
may play a role in atherosclerosis susceptibility. Genetic
variants of apoB in pigs, detected by alloantisera, have
been shown to be associated with the development of raised
lesions in the aortic wall in response to a high fat diet (10).
In the case of human apoB, we have used apoB cDNA and
genomic probes to identify several restriction fragment
length polymorphisms (RFLPs). Some of these RFLP
markers have been associated with myocardial infarction

(1)

In the current report, a probe to a portion of the 3' end
of the apoB gene was used to demonstrate an Mspl
RFLP. This polymorphism is due to a loss of an MsplI site
resulting from a base substitution in codon 3611 of the
mature B-100 protein. The base substitution causes an
amino acid change from arginine to glutamine.

MATERIALS AND METHODS

Probe preparation

The apoB probes used were isolated from plasmid
clones pB27 and pB23 (see Ref. 11 and Fig. 1). Plasmid
DNAs from both clones were digested with EcoRI to re-
lease the inserts and subjected to low melting temperature
agarose gel electrophoresis. These inserts were then iso-
lated and nick-translated (12) for use as probes either in
Southern blotting analysis or plasmid library screening.

Southern blotting analysis

DNAs from unrelated individuals or members of fami-
lies were isolated from peripheral lymphocytes or lym-
phoblast cell lines as previously described (7). Lympho-
blast cell lines were obtained from the National Institute
of General Medical Science’s Human Genetic Mutant
Cell Repository (Camden, NJ). Southern blots were
prepared following complete digestion of DNAs with
Mspl and electrophoresis through 0.7% agarose gels (12).
Compared to other Mspl sites, this particular one tended
to be digested partially. To ensure complete cleavage of
genomic DNA, 80 units of Mspl (New England Biolabs)
was added to 10 ug of DNA and digestion was carried out
at 37°C for 3 hr. Subsequently, an additional aliquot of
enzyme was added, and incubation was continued over-
night. The blots were hybridized with a nick-translated

Abbreviations: apo, apolipoprotein; LDL, low density lipoprotein;
RFLP, restriction fragment length polymorphism.
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pB27 or pB23 probe, washed with 0.1 x SSC, 0.1% SDS
(I xSSC =150 mM NaCl and 15 mM sodium citrate) at
65°C, and exposed to X-ray film.

Restriction mapping of the 3' end of the human
apoB gene

Restriction mapping was carried out with genomic
DNAs from two individuals homozygous for the different
alleles. The probes used were pB23 and pB27. The rela-

tionship of intron and exon junctions is taken from the
map described by Blackhart et al. (8).

Molecular cloning of the Mspl polymorphic alleles

Clone pB23 is a subclone of lambda genomic clone AB1
(11), which has an EcoRI fragment (Fig. 1) containing the
polymorphic Mspl site. To obtain the allele that lacks the
Mspl site, DNA from an individual homozygous for that
allele (lane 4 of Fig. 2) was digested to completion with
EcoRI. The digested DNA was electrophoresed in a 4%
polyacrylamide gel, and DNA between 1.6 to 1.8 kb in
length was selected and eluted from the gel. The size-
selected fraction was ligated to EcoRI-digested pUC 18
vector and used to transform E. coli. DH5 competent
cells (BRL) (13). The size-selected genomic library was
screened with the pB23 probe and clone pB72 was iso-
lated.

DNA sequencing analysis

Two oligonucleotide primers were synthesized by
phosphoramidite chemistry on a DNA synthesizer (Ap-
plied Biosystems, Model 381 A). Both primers are 15
bases long. Primer A (GAATGCTAACACTAA) is 30 bases
5' to the polymorphic Mspl site (CCGG). Primer B
(TGGTCATTGGAAAGC) is complementary to the sense
strand and is 30 bases 3' to the polymorphic Mspl site.
These primers were used to sequence both strands from
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Fig. 1. Restriction map of the 3' end of the human apoB gene.
Genomic DNAs from individuals with different alleles were digested
with the indicated restriction enzymes. Dash lines indicate polymorphic
sites. The asterisk indicates the polymorphic Mspl site described in the
text. Solid bars are exons, and open bars are introns. The relationships
of introns and exons are cited from Blackhart et al. (18). The scale is
shown below the map. Two plasmid clones, pB23 and pB27, containing
different EcoRI fragments of the apoB gene are indicated below the
map. The scale of the map is shown in kb.
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Fig. 2. An apoB Mspl RFLP and its inheritance. Human DNAs
isolated from peripheral blood lymphocytes of a normal individual (lane
1) and members from a family (lanes 2 to 5) were digested with Mspl
and subjected to Southern blotting analysis. The membrane was hybri-
dized to *?P-labeled pB27 probe and exposed to X-ray film overnight.
Two fragments that hybridized to the probe are 9.0 and 2.6 kb, respec-
tively. The segregation of the two alleles that give 9.0 or 2.6 kb fragments
is shown in a family (lanes 2-5). The pedigree of this family is shown
directly above the autoradiogram.

clones pB23 and pB72 with the dideoxy method of
Sanger, Nicklen, and Coulson (14).

RESULTS

ApoB gene Mspl RFLP and its inheritance

DNAs from members of a representative family were
digested with Mspl, Southern blotted, and hybridized to
probe pB27. Fig. 2 (lanes 2 to 5) shows that there are two
alleles that give fragments with sizes of 2.6 and 9.0 kb,
respectively. These two alleles segregated in a simple
Mendelian fashion. Studies in three other families (data
not shown) confirmed this pattern. No homozygotes of the
2.6 kb allele were found in this family. Included in Fig. 2
(lane 1) is DNA from an unrelated normal individual who
was a homozygote for the 2.6 kb band. In order to deter-
mine the frequency of these two alleles, DNAs from 28
unrelated individuals were subjected to the same South-
ern blotting analysis. The results show that the 9.0 kb
allele is the minor allele and has a frequency of approxi-
mately 12% in a normal Caucasian population (data not
shown).

MspI RFLP is due to a single base substitution

The position of the polymorphic Mspl site was de-
termined by restriction mapping of genomic DNAs from
individuals with two different alleles (Fig. 1). When pB23,
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which begins in exon 26 and ends in intron 26, was used
to hybridize to the Mspl genomic blot, an extra 6.4 kb
fragment was seen (data not shown) in addition to the 9.0
and 2.6 kb fragments seen with the pB27 probe. This
result indicated that the allele giving rise to the 9 kb frag-
ment is due to the disappearance of an Mspl site, and the
polymorphic Mspl site is within the 1.7 kb EcoRI frag-
ment included in pB23. The polymorphic and invariant
Mspl sites in exon 26 (Fig. 1) were confirmed by the se-
quence of the apoB cDNA previously reported (2, 3).

Restriction mapping and DNA sequencing of clone
pB23 showed that this clone represents the major allele
(Fig. 3, right panel) which has the polymorphic Mspl site
(CCGQG) at a position corresponding to codons 3610 and
3611. Codon 3611 (CGG) codes for the amino acid ar-
ginine. Restriction mapping and DNA sequencing of
clone pB72, obtained from an individual homozygous for
the absence of the Mspl site, shows a single base substitu-
tion of G to A in this DNA region. Codon 3611 has been
changed to CAG which codes for the amino acid glu-
tamine (Fig. 3, left panel). This abolishes the recognition
sequence for the Mspl enzyme.

DISCUSSION

An apoB gene Mspl RFLP at the 3' end of the gene is
reported. The polymorphism is due to a loss of an Mspl
site resulting from a base substitution in codon 3611 of the
mature protein. The codon 3611 was changed from CGG
to CAG which changes the amino acid from arginine to
glutamine. The minor allele, which has the Gln in codon
3611, has a frequency of approximately 12% in a Cauca-
sian population.

ApoB binds to the LDL receptor as does apoE. Struc-
tural variants of apoE have been identified where arginine
has been replaced with cysteine which resulted in the loss
of receptor binding (15). The MspI RFLP involves loss of
an arginine at residue 3611, but one cannot be sure this
is in a region that affects apoB function. It has been pro-

Codon 5
3610  Val ['r
¢
3611 GIn [A -
(<]

A
3612 lle [;

posed that the basic regions of apoB between amino acids
3147 and 3157 and 3359 to 3367 may be involved in LDL
receptor binding (4).

The Mspl restriction enzyme recognition site contains
the dimer sequence CpG. The cytosine in CpG sequences
is known to be frequently methylated in mammals, and
the deamination of 5-methyl cytosine results in the forma-
tion of a thymine. This is thought to result in a hot spot
for C to T transition (16). In the CpG to CpA transition
reported here, the deamination has presumably occurred
first in the C on the antisense strand according to this pro-
posed theory. In human factor VIII gene, two point muta-
tions occurred frequently in the CpG dinucleotides in
exon 18 and 22, respectively (17). They have been shown
to occur independently in several unrelated families that
have hemophilia A and, therefore, support the view that
CpG dinucleotides are mutation hotspots (17).

Genetic variants in the structural or regulatory regions
of the apoB gene could cause abnormalities in lipoprotein
metabolism and even premature atherosclerosis. Previous
studies have demonstrated the presence of structural
variants of apoB detected with allotypic antisera (18). For
example, antigenic variants of human LDL have been
found and designated the Ag system. This system has five
pairs of antigenic variants: Ag(al/d), Ag(c/g), Ag(h/i),
Ag(t/z), and Ag(x/y). A recent study has assigned these
variants to the apoB protein, and the Ag alleles likely
reflect apoB protein polymorphisms (19). It has been
shown that serum cholesterol and triglyceride levels are
higher in Ag(x - ) than in Ag(x + ) individuals (20). Since
the Ag(x) epitope is associated with altered plasma lipid
levels, it might be in a domain that is important for lipo-
protein metabolism. The Ag(x) epitope has also been
shown to be in strong linkage disequilibrium with an
apoB Xbal RFLP (19). The variant Xbal site is due to a
silent cytosine to thymine substitution in the third base of
the threonine codon at residue 2488 in the mature protein
(19). Therefore, the Xbal RFLP cannot represent the
Ag(x) epitope. In our studies, the apoB Mspl RFLP is in
linkage equilibrium with the Xbal RFLP (data not

CTAGCTAG

g

Fig. 3. DNA sequence analysis of clone pB72 (left) and pB 23 (right). Both clones were sequenced as described
in Materials and Methods. A portion of the autoradiogram from an 8% polyacrylamide/7 M urea gel is shown.
Arrows indicate the one-base difference in two clones. The major allele contains the polymorphic Mspl site
(CCGG), whereas the minor allele contains the sequence CCAG. The amino acid codon numbers are indicated.
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shown) and probably not the site of the Ag(x/y) alleles.
The Ag(t/z) alleles have been shown to be the site of the
apoB EcoRI RFLP (21). The EcoRI site polymorphism
alters the apoB protein sequence by substituting lysine
(AAA) for glutamic acid (GAA) at codon 4154 in the
mature protein (19). The amino acid difference for dif-
ferent EcoRI alleles is thought to be the cause for the
Ag(t/z) epitopes (21). A monoclonal antibody, MB19, has
been shown to detect two alleles of the apoB protein (22,
23). One allele codes for apoB that has high affinity for
the antibody, whereas the other allele codes for apoB that
has low affinity for the antibody. Heterozygotes for the
alleles have an intermediate affinity for the antibody. The
high affinity allele has been shown to correspond to the
Ag(c) epitope and the low affinity allele to the Ag(g) allele
(24). Since the MBI19 antibody reacts with the B-26 por-
tion of B-100 protein, which is in the amino terminal re-
gion (25) of the protein, and the Mspl RFLP reported
here is caused by codon 3611 variation, the Mspl RFLP
could not be the basis for MBI19 reactivity. Due to the
unavailability of the Ag antisera, we have been unable to
determine whether the Mspl RFLP corresponds to one of
the two remaining pairs of Ag alleles, Ag(al/d) or Ag(h/i).
In addition to the EcoRI and Xbal RFLPs described
above, an insertion-deletion (ID) type length polymor-
phism has been shown just 3' to the end of the apoB gene.
The ID polymorphism is due to variable numbers of
tandem repeats of AT-rich core sequences (26). Alleles of
all three RFLPs, EcoRI, Xbal and ID, have been asso-
ciated in a case-control study with myocardial infarction
but not with elevated levels of LDL-cholesterol or apoB
(11). The structural variant of apoB reported in this paper
will be useful as a new marker for clinical studies. B}
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