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SUMMARY Abetalipoproteinaemic plasma lipoproteins were fractionated by molecular sieve
chromatography into two classes on the basis of size. Each class had the same chemical and immunochemical composition and seemed to be interconvertible in vitro, presumably as a result of aggregation/disaggregation. The low levels of circulating apolipoprotein A-I found in abetalipoproteinaemic subjects have been shown by kinetic analysis to result from reduced synthesis of the
apoprotein and not from increased catabolism or redistribution between vascular and extravascular

compartments.

authors had shown that abetalipoproteinaemic
plasma contained lipoprotein particles with the
density of LDL which aggregated to form cubes or
stacks with distinct periodicity.
In confirming the above findings we have isolated
by molecular sieve chromatography the two lipoproteins found in abetalipoproteinaemic plasma, and
have found evidence to suggest that they may be
interconvertible in vitro. We have also examined the
metabolism of 1251-apolipoprotein A-I (the major
HDL apoprotein) in an abetalipoproteinaemic subject in order to determine the cause of the decreased
plasma HDL concentration in the condition.

Abetalipoproteinaemia, a rare autosomal recessive
condition (Frdzal et al., 1961) first described by
Bassen and Kornzweig (1950), is characterised
clinically by severe hypolipidaemia, acanthyocytosis, retinitis pigmentosa, cerebellar ataxia, and
fat malabsorption (Fredrickson et al., 1967; Sturman, 1968; Fredrickson et al., 1972; Kayden, 1972).
The fundamental molecular abnormality of the
disease seems to be complete absence of immunologically detectable circulating apolipoprotein B
(ApoB), which is the major protein of low density
lipoproteins (LDL) and a minor but evidently
essential component of very low density lipoproteins (VLDL) and chylomicra. Consequently the
plasma of affected individuals is devoid of these
lipoproteins. In addition the concentration and
mean hydrated density of the remaining high density
lipoproteins (HDL) are reduced (Jones and Ways,
1967) and their apoprotein content altered (Kostner
et al., 1974).
Two distinct particulate species of abetalipoproteinaemic lipoproteins have been found by electron
microscopy (Scanu et al., 1974). The predominant
species was similar in morphology and mean
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diameter to normal HDL. A second, minor lipoprotein was isolable in the density range of normal LDL.
Most particles of this type had an unusual packing
arrangement, giving the mosaic appearance initially
described by Forte and Nichols (1972). Earlier these
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Ten healthy adults (five men and five women) consented to be control subjects in this study. None had
clinical or biochemical evidence of cardiovascular,
endocrine, hepatic, or renal disease and none was
taking any drugs (including oral contraceptives). The
biochemical status and apoA-I turnovers in these
volunteers are presented elsewhere (Caslake et al.,
1977). In this paper the data are summarised to
enable the results in the abetalipoproteinaemic
subject to be evaluated.
ABETALIPOPROTEINAEMIC SUBJECT

This patient, a 49-year-old woman of Jewish origin,
had a long-standing history of malabsorption,
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anaemia, retinitis pigmentosa, and mild but progressive cerebellar ataxia consonant with a diagnosis
of abetalipoproteinaemia. Her siblings and only
child were clinically and biochemically normal;
neither of her parents was available for study.
Steatorrhoea, unresponsive to a gluten-free diet, was
first noted in her infancy. Although this had
diminished and the fat content of the stools was
normal, continuing hypovitaminosis A suggested that
underlying subclinical malabsorption persisted and
might be contributing to her major problem of
retinal degeneration. Acanthocytosis was a striking
feature in the blood film and hypolipoproteinaemia
was the major biochemical abnormality. After a 14hour fast fl-quantification (Lipid Research Clinics
Program, 1974) of her plasma gave the following
results: total plasma cholesterol 2-58 mmol/l (100
mg/100 ml), total plasma triglyceride unmeasurably
low, VLDL cholesterol 0 10 mmol/l (3 9 mg/100
ml), LDL cholesterol 0)31 mmol/l (12-1 mg/100 ml),
HDL cholesterol 2 20 mmol/l (85-8 mg/100 ml).
Apolipoprotein B was not detectable in the plasma
by radioimmunoassay (Bedford et al., 1976) even
when the plasma was undiluted.

Material and methods
Details of the reagents and techniques used have
been previously reported (Shepherd et al., 1977a;
Caslake et al., 1977). Apolipoprotein A-I was isolated
from normal HDL by column chromatography,
labelled with 125I using the McFarlane procedure,
and incorporated into the abetalipoproteinaemic
plasma lipoprotein fraction of d < 1-225 kg/l by
in-vitro incubation at an apoprotein/lipoprotein
molar ratio of less than 1:200 (assuming a lipoprotein
apoprotein mass of 125 000). The 125I-apoA-I/HDL
was separated from free 1251-apoA-I by ultracentrifugal flotation at d = 1 225 kg/l and sterilised by
filtration (0-22 ,t Millipore filters) before injection
into the abetalipoproteinaemic patient. The kinetic
parameters of the 1251-apoA-I lipoprotein complex
were determined as described before (Caslake et al.,
1977; Packard et al., 1976).
The chromatographic behaviour of the abetalipoproteinaemic plasma lipoproteins was examined
using columns containing 6 % agarose beads
(Shepherd, 1976). Estimations of cholesterol (Annan
and Isherwood, 1969), triglyceride (Kessler and
Lederer, 1965), phospholipid (Bartlett, 1959), and
protein (Lowry et al., 1951) were made by standard
procedures. Plasma apoA-I was measured by electroimmunoassay (Shepherd et al., 1977a) at daily
intervals throughout the turnover study. The withinand between-batch coefficients of variation for the
assay were 3 6% (n = 15) and 4-8% (n = 19)

respectively.
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KINETIC ANALYSIS

Throughout the kinetic study the patient was maintained on her regular diet, which stabilised her total
plasma cholesterol value (equivalent in this patient to
HDL cholesterol). The mean daily plasma
cholesterol (± ISD) over the 14-day study period
was 1-9 ± 0-17 mmol/l (74-1 ± 6-6 mg/100 ml). The
kinetic data derived from the 1251-apoA-I turnover
were processed by the mathematical procedure of
Matthews (1957) which can calculate the fractional
catabolic rate (FCR) of the apoprotein (that is, the
fraction of the intravascular pool catabolised per
day) and the distribution of the label between intravascular and extravascular body pools. From
knowing the intravascular apoA-I pool (the product
of the plasma apoA-I concentration and the plasma
volume, determined by isotope dilution (Caslake et
al., 1977)) the absolute rate of catabolism (ACR) of
the apoprotein was determined. This was equivalent,
under steady-state conditions, to the apoprotein
synthetic rate.
To provide a check on the FCR determined by
Matthews's (1957) mathematical procedure an
independent assessment of this parameter was made
by the method of Berson and Yalow (1957). Sequential 24-hour urine collections, whose completeness
was ensured by measuring creatinine excretion, were
made throughout the study using 10% thymol in
isopropanol as preservative (5 ml/24-hour urine
collection). The FCR was calculated daily from the
total radioactivity excreted in the urine during each
24-hour period and from the mean plasma radioactivity at that time.
Results
KINETIC ANALYSIS OF
ABETALIPOPROTEINAEMIC HDL

The metabolism of apoA-I in the plasma of the
abetalipoproteinaemic patient was determined as
described previously (Caslake et al., 1977). 1251apoA-I formed a stable complex in vitro with the
abetalipoproteinaemic lipoproteins isolated by flotation at 1-225 kg/I. When the apoprotein/lipoprotein
molar ratio was less than 1:200 (assuming a lipoprotein apoprotein mass of 125 000 daltons) about 70(%
of the apoprotein was assimilated into the lipoproteins, and after injection into the patient's vascular
compartment the 1251-apoA-I remained associated
with a plasma component of density less than 1-225
kg/I (that is, with lipoproteins). Agarose gel filtration of the total plasma lipoprotein fraction on days
1 and 6 of the study showed that the radioactivity coeluted with each lipoprotein peak on the chromato-

graphic profile.
The plasma clearance curves of the 1251-apoA-I in
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apoA-I pool is reduced to 57 % of the control value.
Consequently, the synthetic rate of apoA-I in the
abetalipoproteinaemic patient is also significantly
reduced, corresponding to an apoA-I production
rate of 8-0 mg/kg/day (compare the control value of
12 0 mg/kg/day).
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Fig. 1 Plasma clearance curves of 125I-apoA-I
intercalated into control (0
0) and
abetalipoproteinaemic HDL (A
A) and reinjected
into donors. Control curve indicates the mean apoA-I
clearance in 10 subjects.

the abetalipoproteinaemic patient and control subjects are shown in Fig. 1 and are consistent with the
premise that the radioactive apoprotein remained
bound throughout its biological lifetime to a high
molecular weight component such as HDL. Both
profiles conform best to a two-compartment model
comprising a vascular and extravascular space.
Application of Matthews's (1957) analytical procedure to the data (Table 1) indicates that the
inter-compartmental distribution of the isotope in
the abetalipoproteinaemic and control subjects is
similar, about 70% of the radioactivity being intravascular. Moreover, the fraction of the intravascular
pool catabolised per day does not differ significantly
in both groups and corresponds to about 25 (22 %
and 28 % in the abetalipoproteinaemic by calculation
and from urine/plasma radioactivity ratios
respectively, 260% in controls). However, in the
abetalipoproteinaemic patient the intravascular

The lipoprotein from 6 0 ml of fasting normal plasma
isolated by ultracentrifugation at d = 1 225 kg/l and
chromatographed on a 6% agarose gel (Bio-Gel
A5m, 200-400 mesh, exclusion limit = 5 x 106 (BioRad Laboratories, Richmond, CA)) gave the
characteristic triple peak elution profile (Fig. 2A) in
which VLDL, LDL, and HDL elute sequentially
from the column (Rudel et al., 1974). In contrast,
the abetalipoproteinaemic lipoprotein profile (Fig.
2B) contained two peaks. The first of these (peak I)
appeared in the exclusion volume of the gel and
consequently contained material with a molecular
weight equal to or greater than 5 x 106. The second
peak (peak II) eluted five fractions after the 1251-LDL
marker and 11 fractions before normal HDL. Consequently, the particles in this peak are of larger size
or different shape than HDL.
Chemical and immunochemical analysis of the
peak I and peak II components (Table 2) revealed a
fundamental compositional similarity between them.
Each contained about 44 % protein, 23 % cholesterol,
and 3300 phospholipid (as phosphatidyl choline).
Triglyceride was not present in measurable amounts.
Using monospecific antibodies to the major HDL
apoproteins it was found by the double immunodiffusion technique of Ouchterlony (1964) that each
peak contained apoA-I, apoA-II, apoC-I, and
apoC-11 immunoreactivity. ApoB was absent from
the lipoproteins and apoC-I was not assayed. The
chemical and immunochemical similarity of the
material in peaks I and IL suggested that one may be
derived from the other as a result of aggregation or
disaggregation. This proposal was supported by the
finding that peak I material, after concentration in a

Table 1 Kinetic parameters of '25I-apoA-I metabolism in control and abetalipoprcoteinaemic subjects. Control values
are the means from subjects of a previous study (Caslake et al., 1977)
Subject

Plasma
apoA-I

Intravascular

(nigIlO0 *izl)

apoA-l pool
(ing)

apoA-I
% apoA-!
intravascular half lije

Fractional catabolic rate
(pools/day)

(days)
Calculated

Controls (mean of 5
males ± ISD)
Controls (mean of 5
females ± ISD)

Abetalipoproteinaemic
female

From U/P ratios (mig)

105

19

3267

676

69 8

36

4 46

0 45 0-27

0 03

-

111

14

2769

478

69 4

2-7

4 64

0-7

0 03

-

89

7

1709

70

4-65

0 25

022

apoA-l
catabolised
per day

028

-

0-06

Absolute
catabolic
rate

(g/Akg/day)

831

z 103

12 1

16

709

175

11 9

2-4
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Fig. 2 Elution profile from 6%
gel of plasma lipoproteins
from (A) control and (B)
dyslipoproteinaemic subject.
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Fig. 3 Rechromatography ofpeak I from Fig. I
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Fig. 5 Agarose gel electrophoretogram of control and
abetalipoproteinaemic lipoproteins. (1) Control VLDL.
(2) Control LDL. (3) Control HDL. (4) Peak II from
abetalipoproteinaemic plasma (see Fig. 3).

measured by isopyknic centrifugation in KBr
solution over the density range 1 050M 130 kg/l
(Fig. 4). The lipoprotein density covered a broad
range, with a maximum value at 1 090 kg/I. Electrophoretic analysis (Fig. 5) of the same material on an
agarose support (Corning ACI, Palo Alto, CA)
showed that it migrated ahead of the HDL moiety of
normal plasma.
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Fig. 4 Isopyknic centrifugation of peak II from Fig. 3
on KBr gradient (d = 1-050-1-130 kg/i).

Minicon B15 cell (Amicon Corp, Lexington, Mass),
rechromatographed in the position of peak II (Fig.
3). The density of this rechromatographed material

Discussion

The metabolic defect in abetalipoproteinaemia is
complex and affects all classes of plasma lipoproteins.
As a result the elution profile obtained by molecular
sieve chromatography of abetalipoproteinaemic
plasma differs radically from the normal. In this
study two lipoprotein classes were isolable on the
basis of size. The first of these (peak I, Fig. 2B) had a
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Table 2 Chemical and immunochemical characterization of abetalipoproteinaemic plasma lipoproteins. Peaks I and 11
wt'ere isolated by, gel filtration of lipoproteins as described in Fig. 1
.-poproteuilus deteted(

Percentage:

Peak
Peak 1

Proteini

Cholesterol

Pliosphoiipid

Triglyceride

44
43

23
21

33
36

Not detected
Not detected

A-1

A-Il

C-Il

C-Ill
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