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Determination of apolipoprotein E genotypes using SDS-PAGE
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Figure 1 Partial restriction map of the polymorphic region of the apolipoprotein E (apo
E) gene and locations of constant Hhal cleavage sites (small arrows) and polymorphic
sites (large arrows). The distances between polymorphic Hhal site are in base pairs.

Figure 2 A: Diagrammatic representation of the major banding patterns of six
apolipoprotein E genotypes obtained on 20% polyacrylamide Phast-Gel; B: electrophoretic
pattern of the five NIDDM apolipoprotein genotypes. A, e2/e2; B, €2/e3; C, ¢3/e4; D,
€4/e4; E, €3/e3; F, pBR 322 ladder digested by Hae III.

Table 3 Genotype counts and frequencies in French patients with NIDDM

Types £2/e2 £2/e3 e2/e4 £3/e3 e3/e4 ed/e4 Total
NIDDM (n) 1 13 0 69 19 2 104
NIDDM (%) 1 125 0 66-3 18-2 2 100
Controls (%) 1-2 11-8 1-2 67-0 17-6 1-2 100

acteristic and reliable patterns of each genotype
from 91 base pairs to the smallest fragments
(16, 18 and 19 base pairs) on the silver stained
polyacrylamide gels.

The French apolipoprotein E genotype fre-
quencies for NIDDM are given in table 3
and the allele frequencies for the patients with
NIDDM and controls are presented in table 4.
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Table 4 Allele frequencies in the two French groups
Alleles &2 €3 &4

French patients with NIDDM (n=208) 7-2 817 11'1
French control population (n=170) 76 81-8 106
NS NS NS

As expected, the £€3/€3 genotype was the most
common and >81% of our samples had at least
one €3 allele. The next most common allele was
€4. Heterozygotes for €2/e4 were not detected in
our series. The allele frequencies in patients
with NIDDM were similar to those in the
control subjects.

Discussion

Apolipoprotein E single gene locus poly-
morphisms appear to have an important effect
on lipid profile. Data on the status of apo-
lipoprotein E in several populations are es-
timated differently. Most authors have analysed
the frequencies of apolipoprotein E phenotypes
in patients with NIDDM.'*"” Snowden ez al"!
and Shriver et al'*> compared the genotypes of
patients with NIDDM with the phenotypes of
normal control subjects. These various studies
did not reveal any differences in the isoform
frequencies in patients with NIDDM compared
with a non-diabetic population, with the ex-
ception of the study by Snowden et al.'!! How-
ever, when the genotypes of patients with
NIDDM were compared with the phenotypes
of the control population, the apolipoprotein
E status was similar in the two popula-
tions.'' !?

Nevertheless, the discrepancies observed be-
tween genotypes and phenotypes in normal or
diabetic subjects' '2 may lead to the erroneous
estimation of the apolipoprotein E status.
Moreover, phenotypic analysis may lack dis-
criminative power and perhaps reliability.'® IEF
cannot distinguish rare variants of apo-
lipoprotein E that have the same net charge
as the three common isoforms. Electro-
phoretically silent structural variations may
also escape detection.” Minor glycosylated iso-
forms complicate the interpretation of pheno-
types on IEF gels, especially with the
superimposition of glycosylated and non-gly-
cosylated forms.' '° All of these drawbacks make
phenotyping cumbersome, difficult to interpret
and time-consuming.

To our knowledge, no work has been carried
out on the comparison between genotypes of
apolipoprotein E in patients with NIDDM and
those of non-diabetic control subjects. In the
present study, we chose this homogeneous ap-
proach, but did not find any significant differ-
ence in the distribution of apolipoprotein E
polymorphisms between these two populations.

PCR procedures are largely applied for geno-
typing. PCR methods amplify the sequences
containing €2 and &4 allelic substitution sites
at positions 112 and 158.'* The close prox-
imity of the variable DNA sites of the apo-
lipoprotein E gene permits their co-
amplification within a single DNA fragment.
Some authors have extended their PCR re-
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Table 5 Comparison of the different methodologies used for genotyping. We have assumed that the same protocols for
DNA extraction and PCR have been performed for the three methodologies

PCR and dot blot with PCR and restriction isotyping. PCR and restriction isotyping.

Methodology radiolabelled ASO Analysis on classic PAGE Analysis on the PhastSystem
DNA Sensitivity 0-1-1pg 1-5 ng (ethidium bromide) 75 pg (AgNOs)
Duration from blood sampling

to the final result 48 hours 36 hours eight hours
Effective handling two to three hours two hours (two gels) one hour (two gels)
Cost of reactants (excluding the

PCR set-up) for one assay £16 £1 £3
Toxicity Use of radiolabelled probes Use of ethidum bromide None

Use of formamide in the
hybridisation mixtures

Handling of acrylamide powder

action by using other primers which cover other
domains (receptor binding domain)’, and oth-
ers amplify with biotin labelled primers.> PCR
amplified DNA products can be subjected to
dot blot analysis with allele specific oligo-
nucleotide (ASO) probes.! Most frequently,
separate hybridisations are necessary with each
of the four radiolabelled oligonucleotides to
distinguish 112 Cys, 112 Arg, 158 Cys, and
158 Arg codons. A nested primer approach to
PCR is also possible.??' ASO probes and dot
blots are accurate, but expensive, methods,
are time-consuming and involve several steps.
They are also particularly sensitive to non-
specific binding and background radioactivity,
so that a particular sample often requires mul-
tiple testing to obtain an unambiguous hy-
bridisation pattern.

Two more rapid analyses of known mutations
can be performed by direct electrophoresis of
PCR mixtures: the ARMS (amplified refractory
mutation system) method, which requires some
non-labelled oligonucleotides with mismatches
close to the 3’ end.** Hybridisation with labelled
ASO probes is not necessary and the analysis
is carried out by agarose gel electrophoresis.
The second technique incorporates restriction
isotyping. Accurate genotyping is achieved by
examination of the Hkal or the Cfol restriction
products generated from PCR amplified DNA
using classic PAGE.? 7%

We improved the SDS-PAGE technique by
using the PhastSystem (Pharmacia). A micro-
processor automatically regulates all of the
parameters during the separation and de-
velopment runs. This system provides pre-
formed polyacrylamide gels with their
appropriate buffer strips. Gels are processed
with an optimised silver staining method. The
method is safe and designed to give re-
producible, highly sensitive staining without
background. Therefore, each genotype can be
directly visualised by silver staining of a unique
and reliable combination of restriction frag-
ments for homozygotes and heterozygotes. The
silver staining technique is 10 times more sen-
sitive than traditional electrophoresis with eth-
idium bromide. This system enables detection
of quantities as small as 75 pg of DNA. More-
over, even the smallest DNA fragments (16,
18 and 19 base pairs) can be visualised on the
preformed gels. This system avoids the use of
toxic ethidium bromide and acrylamide pow-
der. Moreover, analysis of the single stranded
conformation polymorphisms of the PCR prod-
ucts can be performed using the PhastSystem.?

Miniaturised SDS-PAGE, including sep-

aration and silver staining, can be completed
within 60 minutes. The time taken from ex-
traction of DNA from 6 pul whole blood to the
final result is eight hours. SDS-PAGE in-
corporating the PhastSystem is more expensive
than classic PAGE, but is less time-consuming
and therefore is more profitable (table 5).

There is a growing interest in apolipoprotein
E genotyping for routine purposes in many
fields of pathology. This technique using the
PhastSystem may easily replace apolipoprotein
E phenotyping. In the future, sequencing of
the apolipoprotein E gene may permit the ana-
lysis of new variants with linkage to poly-
morphic restriction sites. Our method-
ology could be easily used to detect other
nucleotide substitutions.?
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