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Abstract Two novel apoB gene mutations were identified in a
patient (CM) with phenotypic homozygous hypobetalipopro-
teinemia. Haplotype analysis of the apoB alleles from this pa-
tient and his family members revealed him to be a genetic com-
pound for the disease. In contrast to previous studies of other
hypobetalipoproteinemic patients, no clues existed as to where
in the apoB gene the molecular defects resided. Therefore, it was
necessary to characterize the apoB genes of the patient by se-
quence analysis. The apoB gene contains 29 exons and is 43 kb
in length. The gene encodes a 14.1 kb mRNA and a 4563 amino
acid protein. Both apoB alleles from the patient were cloned via
26 sets of polymerase chain reactions (PCR). These clones con-
tained a total of approximately 24 kb of apoB gene sequence, in-
cluding regions 5' and 3' to the coding region, 29 exons, and the
intron/exon junctions. Complete DNA sequence analysis of
these clones showed that each apoB allele had a mutation. In the
paternal apoB allele, there was a splicing mutation. The first
base of the dinucleotide consensus sequence (GT) in the 5' splice
donor site in intron 5 was replaced by a T. It is likely that this
base substitution interferes with proper splicing and results in
the observed absence of plasma apoB. In the maternal apoB al-
lele, there was a nonsense mutation. The first base of the Arg
codon (CGA) at residue 412 in exon 10 was replaced by a T,
resulting in a termination codon (TGA). The nonsense mutation
is likely to terminate translation after residue 411 resulting in a
severely truncated protein only 9% of the length of B-100. The
inheritance of these defective apoB alleles cosegregated with low
total cholesterol levels observed in family members. One of the
siblings, MM, who also presented with phenotypic homozygous
hypobetalipoproteinemia, had both defective apoB alleles. Of
the two other siblings, both of whom were phenotypical hetero-
zygotes for the disease, one (GM) had the allele with the splicing
mutation and the other (JM) had the allele with the nonsense
mutation. B In summary, a strategy is presented for identify-
ing apoB gene mutations by PCR cloning and sequencing. This
is useful for analysis of defects in patients where there is no clue
as to the location of the mutation. The technique has resulted
in the identification of two novel apoB gene mutations.— Huang,
L-S., H. Kayden, R. J. Sokal, and J. L. Breslow. ApoB gene
nonsense and splicing mutations in a compound heterozygote
for familial hypobetalipoproteinemia. J Lipid Res. 1991. 32:
1341-1348.

Supplementary key words haplotype analysis ¢ polymerase chain
reaction

Apolipoprotein B (apoB) is the major protein consti-
tuent of low density lipoprotein (LDL) and is the ligand

for the LDL receptor, which mediates cellular uptake of .

LDL (1). The apoB gene, on chromosome 2p, contains 29
exons and is 43 kb long (2-4). ApoB exists in two forms,
B-100 and B-48, which differ in size and are synthesized
in the liver and intestine, respectively (1). ApoB mRNA,
which is 14 kb in length (5, 6), encodes a 4,563-amino acid
protein containing a 27-amino acid signal peptide (7, 8).
B-100 and B-48 are products of the same gene, with B-48
consisting of the 2,152 amino-terminal residues of B-100.
Specific processing of apoB mRNA in the intestine intro-
duces a stop codon at residue 2,153 accounting for the
production of B-48 (9, 10).

Homozygous hypobetalipoproteinemia (HBLP) is a
rare autosomal disease characterized by fat malabsorp-
tion, retinitis pigmentosa, ataxia, and acanthocytosis (1).
Affected individuals have little or no plasma apoB or
apoB-containing lipoproteins, such as chylomicrons, very
low density lipoproteins (VLDL), and LDL. Individuals
with heterozygous HBLP are asymptomatic but have
about 30-50% of normal plasma apoB levels. Specific
structural mutations of the apoB gene have been shown to
be the cause of the reduced levels of plasma apoB in these
patients (11-17). In this report, we determined the molecu-
lar defects in the apoB alleles of a compound heterozygote
for HBLP in the absence of clues as to where the defects
resided. Both apoB alleles were clones via products from
26 different sets of polymerase chain reactions (PCR)
(18). These clones contained the entire coding region, all
intron/exon junctions, the regions 5' and 3' to the gene.

Abbreviations: PCR, polymerase chain reaction; apoB, apolipopro-
tein B; LDL, low density lipoprotein; HBLP, hypobetalipoproteinemia;
VLDL, very low density lipoprotein; RFLP, restriction fragment length
polymorphism; VNTR, variable number of tandem repeats; ASQO,
allele-specific oligonucleotide.
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Sequence analysis revealed different mutations in the
paternal and maternal alleles. The paternal allele had a
base substitution in the dinucleotide consensus sequence
for the 5' splice donor site in intron 5 and the maternal
allele had a nonsense mutation in amino acid codon 412
in exon 10. These mutations cosegregated with the low
total cholesterol observed in family members of the pa-
tient and are likely to be the causative mutations for the
disease in this family.

MATERIALS AND METHODS

Clinical information

The hypobetalipoproteinemia family M consists of an
unrelated father and mother and four offspring, as shown
in the top panel of Fig. 1. The family is Caucasian and
resides in the United States. The parents and two of the
offspring (GM and JM) have been asymptomatic. The
proband, CM, demonstrated malabsorption as early as
4 months of age, with vomiting after meals, a protuberant
abdomen, and steatorrhea. At his next hospitalization at
10 months of age, the diagnosis of homozygous HBLP'
was made and treatment with medium chain triglycerides
was initiated, resulting in weight gain and a decrease in
steatorrhea as described in a case report in 1974 (19). Ab-
normalities in liver function were also noted and a liver
biopsy documented the earliest stages of portal fibrosis, as
well as the presence of fat-filled hepatocytes. At 30 months
of age, a repeat liver biopsy documented the rapid devel-
opment of micronodular cirrhosis which was speculated to
be a result of treatment with medium chain triglyceride
(19). Progression of the liver disease continued, with por-
tal hypertension, which necessitated a splenectomy, and
esophageal varices, which led to multiple endoscopic
scleral therapy procedures and finally an esophageal de-
vascularization procedure at age 11. Severe neurologic
deficiencies were present including ataxia, dysarthria,
severe impairment of position and vibratory sensation,
and absent deep tendon reflexes. These abnormalities
were associated with vitamin E deficiency, and after in-
tramuscular and intravenous vitamin E therapy the neu-
rologic symptoms stabilized. At age 15 the proband had
hepatitis A and upon hospitalization was noted to have
cholelithiasis. The last 3 years of his life were punctuated
by seizures, a cerebrovascular accident, recurrent massive
gastrointestinal hemorrhages, and finally cardiac arrest at
the age of 18.

"The patient (CM) was diagnosed to have abetalipoproteinemia in the
1974 case report (19). It has been shown that obligate heterozygotes for
abetalipoproteinemia have normal levels of plasma LDL-cholesterol (1).
The current data, showing that the parents of the patients have plasma
LDL-cholesterol levels lower than normal levels, indicate that the pro-
band (CM) and his sister (MM) are in fact phenotypic homozygotes for
hypobetalipoproteinemia.
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Fig. 1. Pedigree of the M family with familial hypobetalipoproteine-
mia and the inheritance of mutant apoB alleles. The haplotypes of the
apoB alleles are below the initial of each individual. ApoB haplotypes A,
B, C, and D are as listed in Table 3 and the analysis is described in
Methods. The autoradiograms shown below the pedigree are slot blots
used for ASO hybridization, which is described in Methods. Rows a and
b are slot blot assay for the intron 5 slicing mutation. Rows ¢ and d are
slot blot assays for the nonsense mutation in amino acid 412. Probes used
are wild type sequences for rows a and ¢, and mutant sequences for rows

b and d.

The daughter, MM, was first hospitalized at age 10.
Her history documented malabsorption as an infant, evi-
denced by vomiting and steatorrhea, but this was con-
trolled by a low-fat diet. The diagnosis of homozygous
HBLP was established on this hospitalization, with evi-
dent neurologic involvement including absent deep ten-
don reflexes and severely depressed vibratory sensation.
Vitamin E treatment was begun at age 10 and her symp-
toms have stabilized since then. She is now 15 years of age
and attends school.

The lipid and lipoprotein profiles of the M family are
shown in Table 1. Total cholesterol and triglyceride mea-
surements were performed by an Autoanalyzer using the
method specified by the laboratory manual of the Lipid
Research Clinics Program (20). The results showed that
the parents, who are obligate heterozygotes, have less than
50% of normal levels of LDL-cholesterol. Two of the sib-
lings of the proband (GM and JM) are heterozygotes for
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TABLE 1. Cholesterol (CHOL) and triglyceride (TG) levels
in the M family

Generation Total LDL- HDL-

Individual No.’ and Initials Ag:b CHOL TG CHOL CHOL

yr mg/dl
1 I (Father) 43 135 445 47 38
2 I (Mother) 40 90 40 NA’ NA*
34 II (CM) 15 36 12 0 36
4 II (MM) 10 24 0 0 21
5 II (GM) 14 97 59 29 56
6 II M) 7 113 60 16 87

“Corresponds to the number in the pedigree shown in Fig. 1.
‘Age at the time of blood drawing, 1985,

‘NA, not available.

“CM was deceased in 1988 at the age of 18.

HBLP, as judged by their levels of LDL-cholesterol. No

additional blood samples were available from this family -

at the time of this study. Therefore other biochemical
analyses such as apoB measurements by immunoassays or
detection of possible abnormal species of apoB protein by
gel electrophoresis were not possible. However, the origi-
nal case report of the proband showed no detectable
plasma apoB by radial immunodiffusion (19).

Haplotype analysis

Genomic DNA from each member of the M family was
isolated as described (3) and then used for both Southern
blot analysis and PCR amplification. ApoB gene restriction
fragment length polymorphism (RFLP) markers Avall,
Hinell, Poull, Xbal, EcoRI and 3' VNTR (variable num-
ber of tandem repeats), were carried out by Southern blot
analysis as previously described (3, 21-23). MspI RFLP
typing of the promoter region was carried out by PCR
amplification followed by Mspl digestion as described
(24). The length polymorphism in the signal peptide was
distinguished by electrophoresis of PCR-amplified prod-
ucts in a 12% polyacrylamide gel as described (23).
In3G/T sequence polymorphism, ApalLl and Alul RFLPs
were carried out by PCR amplification and followed by
allele-specific oligonucleotide (ASO) hybridization as de-
scribed previously (21, 26).

Cloning of the apoB alleles from an HBLP patient

To clone apoB alleles, genomic DNA from patient CM
(individual I1.3 in Fig. 1) was amplified by PCR (18). The
5' upstream region (— 341 bp), 29 exons, intron/exon junc-
tions, and 3' untranslated region of the apoB gene were
cloned through 26 sets of PCR (Table 2). In each set of
PCR, with the exception of exon 26, the region for ampli-
fication included sequences in intron/exon junctions. Due

to its large size, five sets of PCR were used to amplify

exon 26 which is 7572 bp. In some sets of PCR, two exons
were contained in one reaction product. All primers con-
tained restriction enzyme sites which were either en-

gineered or present in the original apoB gene sequences
(27). In the PCR reaction, 1 ug of genomic DNA was am-
plified with primers as listed in Table 2 in a reaction mix-
ture containing 10 mM Tris (pH 8.3), 1.5 mM MgCl,,
0.1% gelatin, and 2 units of Taq DNA polymerase
(Perkin-Elmer Cetus). In most sets of PCR, the process
consisted of denaturation at 92°C for 1 min, reannealing
at 55°C for 2 min, and extension at 70°C for 3 min. The
process was repeated for another 29 cycles in a DNA ther-
mal cycler (Perkin-Elmer Cetus). In the reactions ampli-
fying exon 1 and the 5' upstream region, 30 cycles of 95°C
(1 min), 57°C (1 min), and 70°C (2 min) were carried
out. In the reactions amplifying exons 9, 13, and 14, re-
annealing was at 50°C, while in the reactions amplifying
exon 21, reannealing was at 58°C. For cloning, the PCR
reaction mixtures were precipitated and resuspended in
the appropriate buffer for restriction enzyme digestion.
The digested reaction mixtures were centrifuged through
Centricon 30 filters (Amicon Corp.) to remove deoxy-
nucleotides, then extracted with phenol chloroform, and
ethanol-precipitated. The digested mixtures were ligated to
pUC vectors and used to transform E. coli DH5« compe-
tent cells. ApoB recombinants were identified by screen-
ing the transformants with specific oligonucleotide probes
as listed in Table 2. All oligonucleotides used were synthe-
sized by phosphoramidite chemistry on a DNA synthe-
sizer (Applied Biosystems, Inc., model 381A).

DNA sequence analysis

For sequencing, 12 apoB recombinants derived from
each set of PCR-amplified DNA were selected to present
both parental alleles from the patient. Sequencing of mul-
tiple clones also permitted recognition of artifactual mu-
tations derived from PCR. For clones with large inserts
such as those derived from exons 26-B, 26-C, and 29 PCR
sets, multiple sequencing reactions were required to ob-
tain the entire sequence of the clone. In the clones derived
from these regions, two parental alleles were distinguish-
able due to the presence of polymorphisms in these
regions (Table 3). In this case, only two clones (each repre-
senting the paternal or maternal allele) are needed for se-
quencing. However, two clones of each allele were selected
for further sequencing to permit recognition of artifactual
mutations. Double-stranded plasmid DNA isolated from
these clones was denatured with an equal volume of 0.4 N
NaOH for 5 min, neutralized with 100 mM ammonium
acetate and 200 mM sodium acetate (pH 7.0), and precipi-
tated by addition of ethanol. The resuspended sample was
sequenced with modified T7 DNA polymerase (Sequenase,
United States Biochemical Co.) (28) according to the
dideoxy-termination method of Sanger, Nicklen, and
Coulson (29). PCR primers were also used as sequencing
primers. For clones with large inserts, specific sequencing
primers were synthesized.
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TABLE 2.

Primers used for PCR amplifications and cloning

Exon S Primer (5' =+ 3°)® 3¢ primer (3* < 3')* Probe sequence (3' < 3') 8ise of PCR

el ssme strend moduot®
1 TCORAATICAGTCCAGGAGAA CCATCCTGAGCCIGCAG TTGAGCCTTGAAGAGCCTCS (AS) 720 bp
2 GAECTTACAGAATTICTTICTC GTAGAITCAGTTGGCATCCCTT TGTCAGCCTGUTCTOTCCAA (8) 250 bp
3 CCAGATTOUCTOTCCTTIGHGAG TAAJCEAGATCATGATICCTATT CCTAMGCTTCAGATGAGATATIC () 452 bp
4 TTGRAGCTCTGATIAGAGATTAA CACGAGCTCATACCTCAGCOGAC GGTGTATOACTTICAACCCTG (8) 300 bp
546 GATAAGCTTATTYCCGTGACCAT AGTICTAGAATTGTATTAATAAG ATGGCCAGCTGGAGCTICATAC (AS) 1100 bp
T&8 TAMAGCTTTTAACAGAGATACA TTGICIAGATTTTCCAGCAACTA CACTOGACGCTAAGAGGAAG (8) 1000 bp
? AGAOCTITAGCAGGCATTGAA TTGAAGCTICAGTCAGTTACCAT ATTTTGCTCAGAGATOGTTA (AS) 370 bp
10 TTCTGAGCTCCAAGTTGOGTT AAGAATICAATTTGTGTTTGCTGA TTGTTGACCICGTGACICAGCS (AS) 560 bp
11 & 12 TTCGAATICACAAGTTTGGGTTTT GATGAAATCTAGAGTCTCATTCC CCGCAGAATCAAATAGGTGTAA (AS) 600 bp
13 AGAMGCTICAATACCAGCCATTT GGICIAGATCTGCTACATATTT GTTGGAATTCCCAGCTICAGG (AS) 469 bp
b0 AGAICIAGACCCAAAGACTTA TCTAMICTICCTCTOGGTAGCT AGAAGOGAATCTTATATTTG (8) 472 bp
13 ACATCTAGASTGOGACTACTAGG AAGAATICTTTTTOCATTIGAGA CTTIGTACTGGGTTAATOGT (8) 317 bp
16 TOORAATICAMGGIGTTTGACA AGTGAATICAAGGCAAACCTC CATCTGGGGGATCCCCTGCAGA (AS) 398 bp
17 ATAMGCTTAATTACICICCAATG CATTCTGGTOGAAGCTIGAAGTT TGGAGAATTCCTTIGAACTC (S) 431 bp
18 AACICTAGAGAACTGAGAACTCG TGATCIAGATCAACTGTTTAGCC AACCTGGGAAGCTGAAGTTT (S) 450 bp
19 & 20 GAGAATTCGTGATGTCCATTTTGA CATGAATTCTGAACCTGAGACT TGAAGCTYGCTAGGTOGCCAT (AS) 1600 bp
21 TOGAATICCACAMCAAGCTAAGTG TCGAATICGACATGCGCAGAGGGTTAAA AGAGAATTCAGAGATGTGTGGTA (AS) 1500 bp
22 & 23 TTTAMGCITGCATATCTCCATTG CAAGAATICCTOGGGGAAGGAAG ATGGAATTCACACCCTTIGATTIT (AS) 700 bp
26 & 25 GTCAAGCTTAATAATTAACTTGTC AAMGCTICCAAGTAGCAAGGAAG CTTTGCAAGACCACCTCAAC (8) 1700 bp
26-A ABGGATCCTAAMCAANGCTGT TTAGGATCCCTCTGACAAGACA ATTICTAGATTCGAATATCAAAT (S) A74 bp
26-B ATTICTAGATTCGAATATCAAAT CTICTAGAGTCTCTCGGAAT TCAGAATTCATTTCAGCATATGA (AS) 3277 bp
26-C AAGAAGCTTAATGAATTATCTTY TOOUGAGCTCGTCGTGAGATTT GAGCTOCAGTGGCCCOYTCCAGA (S) 2526 bp
26-D AAGGATCOCTTGAAAACGACAAA TAAGGATOCTOCAATGTCAAGGT CICAAGCTTICTCTTCCAGATTT (S) 1520 bp
26~ GCAQGATCCTTAGAAGGACAC CATQGATCCACACATAAATACATA ACACTCCCCGAGGTAAMATT (8) 894 bp
27 & 28 ATAGATICTCCCAGTTTTCACA ACTICTAGAGAATATTICCTCAGA GATGCCTTICTTGICTTICT (AS) 646 bp
29 TICICIAGAAGTATTACATGAGICCTTGATIGA  TTTICIAGATCCTTICTGAGTICAGAGA GCCAGTTICCAGGGACTCAA (8) 2630 bp

“Exon 26 was cloned by five sets of PCR reaction, A to E.
*The restriction enzymes sites (underlined) for cloning are either engineered or original sequences.
“The sizes of PCR products are estimates.

Detection of apoB mutations and polymorphism
by ASO hybridization

To determine the inheritance of the mutations in mem-
bers of the M family, oligonucleotides were synthesized as
primers for PCR amplification of regions found by se-
quencing to contain mutations. Allele-specific oligonucleo-
tides were synthesized for hybridization. For the splicing
mutation in intron 5, primers used for PCR were: #237
(5'-GATAAGCTTATTTCCGTGACCAT-3") and #240
(5'-CATGAATTCGAGTTTCAAGGGCC-3"). ASO probes
used were: #9509 (5" TGTTTCTGGTGAGGATT-3'), spe-
cific for the normal sequence, and #960 (5'IGTTT-
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CTGTTGAGGATT-3") specific for the mutant sequence.
For the nonsense mutation in amino acid 412, primers
used for PCR were: #380 (5'TTCTGAGCTCCAAG-
TTGGGTT-3") and #466 (5'-AAGAATTCAATTTGTG-
TTTGCTGA-3"). ASO probes used were #954¢ (5'-
CGCAGCCGAGCCA-3") for the normal sequence and
#946 (5'-CGCAGCTGAGCCA-3") for the mutant se-
quence. For ASO hybridization, the PCR-amplified DNA
sample was denatured with 0.5 M NaOH/1.5 M NaCl, neu-
tralized with 1 M Tris-HCI, pH 7.5, 1.5 M NaCl, and ap-
plied to Zeta-Probe membranes (Bio-Rad) in a slot blot
apparatus (Bio-Rad). The membranes were hybridized
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with the ASO probes at 42°C overnight. The membranes
were washed twice with 6x SSC (1x SSC=150 mM NaCl
and 15 mM sodium citrate), and 0.05% sodium pyro-
phosphate at room temperature for a total of 1 h and were
washed once at 37°C for 30 min. They were then washed
for 5 min at 51°C for probe #954, 52°C for probe #946,
54°C for probe #960, and 56°C for probe #959. The
membranes were exposed to X-ray film for several hours.

To determine the inheritance of a new sequence poly-
morphism in the codon for amino acid 2285 as listed in
Table 3, ASO probes were synthesized for hybridization.
The probes are #961 (5'-ATAAATGACGTTCTTGA-3"),
which is specific for codon GAC, and #980 (5'-AAT-
AAATGATGTTCTTGAG-3"), which is specific for codon
GAT. The hybridization and washing conditions were as
described above; the final washing temperature was 51°C
for probe #961 and 57°C. for probe #980.

RESULTS

Haplotype analysis in an HBLP family

Haplotyping of the apoB alleles in the M family using
12 polymorphic apoB gene markers is shown in Table 3
and Fig. 1. As shown in the top panel of Fig. 1, four differ-
ent apoB haplotypes were distinguishable in the parents
of the proband. The haplotypes of the father (I.1) are
designated A and B and the haplotypes of the mother (I1.2)
are designated C and D. Both CM (II.3) and MM (II.4)
had no detectable LDL-cholesterol and therefore are
phenotypic homozygotes for HBLP, whereas the other
two siblings, GM and JM (IL.5 and II.6), had very low
LDL-cholesterol and therefore are phenotypic hetero-
zygotes for HBLP. As shown in Fig. 1, proband CM and
sibling MM each have the same two apoB haplotypes, A

and C, indicating that they are compound heterozygotes
for the disease. It could be deduced from these results that
the defective apoB allele in the father is haplotype A, and
the defective apoB allele in the mother is haplotype C. Of
the two heterozygous siblings, GM has the defective allele
with haplotype A from the father, whereas JM has the
defective allele with haplotype C from the mother.

DNA sequence analysis of the apoB alleles from
patient CM '

The apoB alleles from the proband, CM (II.3), were
first examined by Southern blot analysis using probes
spanning the entire apoB gene. No gross abnormality was
observed (data not shown). Both apoB alleles from CM
were then cloned and sequenced. Sequence analysis
confirmed the base differences between the two apoB al-
leles, A and C, assigned to CM by haplotyping. Sequence
data also revealed two new mutations in these two apoB
alleles as described below.

Identification of a splicing mutation in patient CM

Sequence analysis of clones containing exons 5 and 6
(Table 2) revealed a base substitution at the junction of
exon 5 and intron 5. As shown in Fig. 2, the normal allele
contained the dinucleotide consensus sequence GT at the
5' splice donor site. In the mutant allele, the first base of
this dinucleotide was replaced by a T. The inheritance of
this mutant allele was assessed by ASO hybridization.
The bottom panel of Fig. 1 shows that this mutant se-
quence was inherited from the father and therefore by
haplotype analysis, must be present on the haplotype A
allele (Fig. 1 and Table 3). This allele is present in sibling
GM (IL5) as well as CM and MM and these individuals
all had low total cholesterol. The mutation is therefore
likely to be responsible for the reduced amount of total
cholesterol in the individuals possessing the A allele.

TABLE 3. Haplotyping of the apoB genes in the M family

Haplotype®
Polymorphism Region A B C D Ref.
Auvall 5’ Upstream - + + + 21
Mspl Promoter - + + + 24
9bpID Signal peptide I i I D 25
In3G/T Intron 3 T G G T 21
Apall Exon 4 + + + - 26
Hinell Intron 4 + + - - 21
Poull Intron 4 - - - - 21
Splicing mutation Intron 5 M N N N this report
Nonsense mutation Exon 10 (aa412) N N M N this report
Alul Exon 14 - - - + 21
aa2285 Exon 26 GAT GAT GAC GAC this report
Xbal Exon 26 - - + + 22
EcoRI Exon 29 - - + + 3
3'VNTR 3' Downstream 1 1 2 2 23

“Presence ( + ) or absence (- ) of a restriction enzyme site; insertion (I) or deletion (D) of nucleotides; normal
(N) or mutant (M); 1/2: 1 contains more copies of tandem repeats.
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Fig. 2. DNA sequence of splicing mutation in intron 5. Two clones
representing normal (right panel) and mutant (left panel) apoB alleles
from the patient, CM, are shown. The normal splice consensus
dinucleotide GT is replaced in the mutant allele by the sequence TT
which is indicated by an arrow.
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Identification of a nonsense mutation in patient CM

Sequence analysis of clones containing exon 10 (Table 2)
revealed a substitution in the codon for amino acid 412.
As shown in Fig. 3, the normal allele contains the se-
quence CGA for Arg at residue 412. At this location the
mutant allele contains the sequence TGA, which is a ter-
mination codon, resulting in a nonsense mutation. The
inheritance of this mutant allele was demonstrated by the
ASO hybridization and is shown in the bottom panel of
Fig. 1. The mutation was inherited from the mother and
therefore residues on allele C. Among the siblings, JM
(I1.6), as well as CM and MM, have the nonsense muta-
tion. Individuals who have this mutant sequence also had
low total cholesterol, suggesting that the mutation in the
codon 412 is responsible for this phenotype in the indi-
viduals possessing the C allele. The proband CM and his
sister MM had both mutations and consequently had no
detectable LDL-cholesterol. The C to T base substitution
creates the following restriction enzyme sites: Alul, Ddel
and Poull.

A new silent sequence polymorphism

An additional novel sequence polymorphism in the
apoB gene was observed in the proband, CM. There was
a base substitution (C—T) in the third base of codon
2285, which codes for Asp (data not shown). The substitu-
tion does not result in an amino acid change and is un-
likely to have functional significance. It does, however,
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serve as an additional apoB gene marker for haplotype
analysis.

DISCUSSION

We have developed a PCR-cloning strategy to elucidate
molecular defects in the apoB gene in a compound heter-
ozygote for familial HBLP. To characterize both apoB
alleles, 26 pairs of PCR primers were synthesized and
used for amplification of the entire coding region,
exon/intron junctions, 5' upstream, 5' and 3' untranslated
regions. This was followed by cloning and sequencing.
Two mutations, a splicing mutation in intron 5 and a non-
sense mutation in amino acid codon 412, were identified
to be the likely causative mutations in the patient.

The prevalence of phenotypic heterozygotes for hypo-
betalipoproteinemia has been shown to be about 0.1 to
0.8% in the population (30). In selected probands, struc-
tural mutations in the apoB gene have been found that
result in the appearance of low levels of truncated proteins
ranging from B-31 to B-89 in plasma (12-13, 15-17). It has
also been reported that mutations leading to predicted
protein sizes of B-25 or B-29 result in no corresponding
polypeptides detectable in plasma (13, 14). The lack of
these small apoB proteins in the plasma is suggested to be
due to absence of lipid binding regions critical for lipo-
protein assembly (13, 17). In some other HBLP patients,
normal-sized apoB protein is observed (31). To determine
the molecular defects in patients with either complete ab-
sence of apoB or normal-sized apoB, a systematic method
for characterization of the apoB genes is needed. This
report provides a complete set of primers and conditions
for characterizing the apoB gene where no clues as to the
nature of the mutation exist. Available polymorphic
markers are useful in distinguishing the two apoB alleles
of heterozygotes, thus reducing the number of clones to be

Mutant
>
—, Nomal

GATC|GATC 4
:. > - cciSer 411
T—b—- - .q—c:
Term{ G - - G| Ag 412
;A ’. = A
"= =2 g
C| Aa 413
CJ

Fig. 3. DNA sequence of nonsense mutation in amino acid codon 412.
Two clones represent normal (right panel) and mutant (left panel) apoB
alleles from the patient, CM are shown. Codon for amino acid 412
changed from CGA (Arg) to TGA (termination) in the mutant allele.
The mutant sequence is indicated by an arrow.
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sequenced. PCR products obtained by the methods de-
scribed here can be analyzed by direct sequencing, or
screened for base substitutions or small deletions by
denaturing gradient gel electrophoresis (DGGE) or other
methods (32).

The first example of an apoB gene splicing mutation is
reported here. It has been shown that the dinucleotide
consensus sequences GT in the 5' splice donor site and
AG in the 3' splice acceptor site, are important for correct
splicing to occur (33). Mutations in these splice sites in
the globin genes have been shown to greatly reduce the
amount of normal mature mRNA and in some cases acti-
vate nearby cryptic splice sites, leading to the production
of aberrant mRNAs which are often rapidly degraded
(34, 35). Splicing mutations have been described in other
apolipoprotein genes (36, 37). In a patient with apoC-II
deficiency, a substitution of C for G in the 5' splice donor
site of intron 2 of the apoC-II gene has been reported
(36). The mutation results in markedly reduced levels of
normal-sized apoC-II in this patient (36). In a patient
with familial apoE deficiency, an A to G substitution in
the first base of AG consensus dinucleotides in the 3’
splice acceptor site of intron 3 has been shown (37). The
mutation results in the use of cryptic splice sites and leads
to production of two abnormal-sized mRNA species. Both
mRNA species contain in-frame chain termination codons
within intronic sequences and encode short apoE poly-
peptides that are not detectable in plasma. The mutation
in the 5' splice site of intron 5 of the apoB gene reported
here is likely to be a cause of the hypobetalipoproteinemia
in the M family, although the exact effect of this splicing
mutation is not clear.

In this report we have also described a novel nonsense
mutation, ie., a C to T transition in the CGA codon for
Arg at residue 412. The resulting stop codon would result
in a premature translation termination leading to a pro-
tein of 411 amino acids that would represent only 9% of
the B-100 protein, ie., B-9. Plasma samples from this
family are no longer available and therefore it is not possi-
ble for us to look for abnormal apoB species in plasma.
However, based on previous reports that neither B-25 nor
B-29 are detectable in plasma (13, 14), it seems unlikely
that B-9 would be present in the plasma of the patients
studied. This mutation is the third example of nonsense
mutations occurring in CGA codons for Arg in the apoB
gene. One such mutation occurs at residue 1306 and ac-
counts for the predicted B-29 species (13). The other oc-
curs at residue 2058, leading to a prematurely terminated
protein of B-46 (16). It has been shown that CpG di-
nucleotides are hot spots for mutation in other human dis-
eases (38). As mentioned previously by Collins et al. (13),
there are 12 CGA codons for Arg in apoB coding se-
quences. The fact that nonsense mutations have been
reported in three of these suggests that these CpG di-

nucleotides are hot spots for mutation in the apoB
gene. M
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