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1. Introduction

Integral membrane proteins are amphipathic
molecules and contain hydrophobic domains in their
primary structure which anchor these proteins to the
membrane by interaction with the hydrocarbon
interior of the lipid bilayer [1]. A charge shift electro-
phoresis has been introduced [2] as a simple method
to differentiate integral membrane proteins from
hydrophilic proteins. The method is based on the fact
that amphipathic membrane proteins bind large
amounts of neutral detergents that clusterin a
micellar like structure around the hydrophobic seg-
ments of the proteins whereas hydrophilic proteins
bind little or no neutral detergent [3,4]. When mixed
micelles of neutral detergent and anionic or cationic
detergent are bound to these proteins negative or
positive charges are introduced into the detergent—
protein complex. This will result in a corresponding
shift in the electrophoretic mobility of the protein.

Another group of proteins that specifically inter-
act with lipids are the apoproteins of plasma lipo-
proteins. Sequence data show that the A- and C-group
apoproteins do not contain continous hydrophobic
regions in their primary structure but probably con-
tain segments forming amphipathic helices with a
hydrophilic and a hydrophobic face [5]. Two types
of interactions have been demonstrated between
Apo A-Tand Apo A-Il and amphiphilic or hydrophobic
ligands: Both A-apoproteins have discrete non-inter-

Abbrevigtions: LDL, low-density lipoproteins; HDL, high-
density lipoproteins; TX, Triton X-100; NaDOC, sodium
deoxycholate; CTAB, cethyltrimethylammoniumbromide;
SDS, sodium dodecylsuifate
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acting binding sites for amphiphiles that are primarily
hydrophobic in character and both undergo a cooper-
ative conformational change in the presence of free
amphiphile in excess of that required for binding of
the discrete sites for hydrophobic ligands [6,7]. The
interaction of the B protein from LDL with detergents
has been less intensively studied but it is known that
this protein also binds large quantities of neutral
detergent [3]. No detergent binding studies have yet
been performed with other apolipoproteins. We here
have used charge shift electrophoresis to demonstrate
the amphipathic nature of various apolipoproteins
and to analyse whether the A-I and A-Il proteins from
patients with Tangier disease are able to bind deter-
gent by hydrophobic interaction.

2. Materials and methods

Sera were obtained from fasting control subjects,
from 4 patients with Tangier disease (0.M.[8]; R.E.
[9]; 3.Si. and E.Ga. [10}]) and from individuals with
post-prandial hypertriglyceridaemia. Lipoprotein
fractions were isolated by sequential ultracentrifuga-
tion at +4°C according to standard procedures [11].
Lipoproteins were dialysed against 0.85% NaCl 0.05%
EDTA pH 7.0 and delipidated by 5 successive extrac-
tions with acetone: aethanol, 1 : 1 (v/v) at —20°C.
Apolipoproteins A-I and A-Il were isolated according
to [12,13] and apoproteins E and A-IV by prepara-
tive SDS—polyacrylamide gel electrophoresis as
detailed [14,15]. Apo B was isolated from LDL by
column chromatography in the presence of Triton
X-100 (TX) according to [16]. Antisera against apo-
proteins were raised in rabbits by routine methods.
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Charge shift electrophoresis according to [2] and from normal human plasma, Apo A-I, A-Il, Band E
charge-shift crossed immunoelectrophoresis were all demonstrated a marked positive and negative
performed following the modifications [17]. charge shift upon electrophoresis in the presence of

mixed TX + NaDOC or TX + CTAB micelles,
respectively, when compared to their mobility in TX

3. Results and discussion alone (fig.1,2). This is in agreement with the known
detergent binding properties of apolipoproteins A-I,
Four of the well characterised apolipoproteins A-II and B and demonstrates that also Apo E does

Ao, A ER N
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Fig.1. Electrophoresis of human serum (A), apolipoprotein E (B), apolipoprotein A1V (C) and apolipoprotein B (D) in the
presence of TX (middle plates), TX + CTAB (left plates) and TX + NaDOC (right plates). Troughs contain: (A) anti-Ge + anti-
a,macroglobulin; (B) anti-Apo E; (C) anti-Apo A-IV; (D) anti-Apo B. Anode at the top.
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Fig.2. Comparison of electrophoretic mobility of apolipoproteins A-I (A) and A-II (B) from control sera (left lanes) and

Tangier sera (right lanes) in the presence of TX (middle plates), TX + CTAB (left plates) and TX - NaDOC (right plates). (A) Elec-
trophoresis of purified Apo A-I from control HDL (left) and fraction d > 1.21 g/ml from Tangiet plasma (right). Trough contains
monospecific anti-Apo A-l. (B) Electrophoresis of a control serum (left) and Tangier serum. Trough contains monospecific anti-

Apo A-L.

bind detergents by hydrophobic interaction. Identical
charge shifts were obtained when the purified apolipo-
proteins were analysed or when whole sera or the

d >1.21 g/ml bottom fraction (for Apo A-I) were
subjected to charge shift electrophoresis.

A further protein of M, 46 000 (Apo A-1V) that
has been isolated recently in our laboratory from tri-
glyceride-rich plasma lipoproteins of non-fasting
humans and from chylomicrons of chylos ascites also
exhibited a significant positive and negative charge
shift (fig.1 and table 1). Apo A1V is removed easily
from lipoproteins by ultracentrifugation and may
exist in free form unassociated with the main lipo-
protein fractions in human plasma [15]. Therefore it
was not clear whether this protein is an integral lipo-
protein constituent or only unspecifically adsorbed
to TG-rich lipoproteins. The results from charge-shift
electrophoresis however clearly indicate that Apo
A-IV does bind detergent by hydrophobic interaction
and thus has to be considered a true amphipathic
apolipoprotein.

Since the A-1 and A-II polypeptides from normal
HDL both exhibited a significant charge shift it was

of special interest to analyse the respective apolipo-
proteins from patients with Tangier disease. This rare
autosomal recessive disorder is characterised by
deficiency of HDL in plasma. The concentration of
Apo AJ, the main structural protein of HDL, (and to
a lesser degree that of Apo A-II) is grossly reduced
and most of the residual Apo A-I (90-95%) is not

Table 1
Detergent-induced changes in electrophoretic migration of
human apolipoproteins and control plasma proteins

Apolipoprotein Cathodic shift Anodic shift
(CTAB) mm (NaDOC) mm

Al 15 24

Al 17 13

AlIV 9 18

B 4 125

E 16 8

Albumin 3 5

a, -Macroglobulin 0 2
Ge-Protein 0 2.5

Hemoglobin migration was 5 mm in all cases
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associated with lipoproteins but resides in the

d >1.21 g/ml fraction [10,18]. Therefore it has been
suggested that Tangier Apo A-I does not normally
associate with lipids [18]. 1t has however been demon-
strated that Apo A-I is synthesised by intestinal
epithelial cells from Tangier patients and is released
from the cells into the collecting lymph vessels {19].
One possible reason for the HDL deficiency than
might be a mutation affecting the lipid binding
properties of Apo A-I resulting in an inability of

Apo Al to direct the formation of a stable HDL com-
plex. Since the concentration of Apo A-I in Tangier
plasma is very low it is difficult to obtain sufficient
amounts of pure protein to perform detergent binding
studies by classical methods. Charge-shift electro-
phoresis however allow the analysis of small amounts
of protein even in complex mixtures as demonstrated
here for Apo A-I from control sera and should indi-
cate a gross disturbance of the proteins binding capa-
city for amphiphiles. Apo A-l and Apo A-II from

4 patients with Tangier disease showed positive and
negative charge shifts to the same extent as did their
counterparts from control sera (fig.2). Hence these
proteins apparently have preserved the property to
bind amphiphiles by hydrophobic interaction.

Previous studies from our laboratory have shown
that the Apo A polypeptides from control and Tangier
plasma have identical molecular weights as judged
by SDS-PAGE and have the same pl values in analytical
isoelectric focusing [8]. Also the proteins from both
sources are indistinguishable in their amino acid com-
position and immunochemical properties [10,20,21].
It thus seems unlikely that a structural mutation in
one of the Apo A polypeptides is the underlying
defect in Tangier disease. This is also supported in
[19] where an enhanced catabolism of normal HDL
and a preferential loss of normal Apo A-I from HDL
in the plasma compartment of a patient with Tangier
disease is demonstrated.

In conclusion the present investigation shows that
human apolipoproteins A-I, A-Il, B, E and A1V
exhibit significant bidirectional charge shifts, indi-
cating that they bind with detergents by hydro-
phobic interaction. Charge-shift electrophoresis may
be applied in cases were the apolipoprotein nature of
a protein is disputed and to determine in lipoprotein
disorder states whether individual apolipoproteins
have preserved their capacity to bind amphiphiles.
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