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Abstract

Characteristics of the plasma lipoproteins from rainbow trout and Japanese eel
were investigated using dextran sulfate cellulose (DSC) gel. Binding profiles of very
low density lipoprotein (VLDL), low density lipoprotein (LDL ), high density lipopro-
tein (HDL ), and vitellogenin (VTG) to the DSC gel were consistent with a simple
Langmuir’s adsorption isotherm. The dissociation constants of VTG and VLDL were
lower than those of LDL and HDL, suggesting high affinities of VTG and VLDL for
the DSC gel. VTG and VLDL revealed to have specific capacities for binding to the
DSC gel from values of the maximum binding level. The structural similarity was
suggested between apolipoproteins in VTG and VLDL from rainbow trout and Japa-
nese eel.

In the circulatory fluid of animals including fish, most lipids are complexed with
specific apolipoproteins known as lipoproteins”, The plasma lipoproteins in human
are divided into five major classes according to the densities at which they are iso-
lated : chylomicrons, density (d)<0.93 g/mé; very low density lipoprotein (VLDL), 0.93
<d<1.006 g/mé; intermediate density lipoprotein (IDL), 1.006 <d<1.019 g/m; low
density lipoprotein (LDL), 1.019<d < 1.063 g/m¢; high density lipoprotein (HDL), 1.063
<d<1.21g/m?. The basal structure of lipoprotein particles is a microemulsion com-
posed of a core of non-polar lipids such as triacylglycerol (TG) and cholesterol ester,
and the surface monolayer membrane, mainly containing phospholipids and free cho-
lesterol. Apolipoproteins are present on the surface of the lipoprotein particles to
stabilize the surface itself and to give biological activities to the particles as regards
metabolism ?, 'Chylomicrons possess apolipoprotein (apo) B-48 and apo A-IV as main
components. Apo B-100 is the predominant protein in LDL and VLDL. Both apo A-
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I and apo A-1II are the main components of HDL, VLDL and IDL contain apo E.
Apo Cs composed of apo C-1, C-1I, and C-1I are present in TG-rich lipoproteins
such as chylomicrons and VLDL. Apo A-1 and apo A-1I are activator and inhibitor
for lecithin: cholesterol acyltransferase, respectively. Apo C-1I activates lipoprotein
lipase. Apo B and apo E are known to recognize and bind to LDL receptor.

Fish lipoproteins consist of VLDL, LDL, and HDL as well as other vertebrates,
although the density of each lipoprotein class in fish is slightly different from that
of mammals®®, In addition to these lipoproteins, vitellogenin (VTG), precursor of
egg volk protein, appears in the blood of spawning fish*'”, High levels of lipoprotein

have been found in fish plasma, reflecting high utilization of lipids®V.

The plasma
profiles of most teleosts are dominated by high levels of HDL®, whose concentra-
tions may exceed 15mg/m¢. Fish lipoproteins have also been reported to possess sev-
eral apolipoproteins such as apo B-, A- T, A-1 -, and C-like proteins'**®, Although
fish lipoproteins have been considerably investigated in detail, most of reports are
limited to the chemical analysis of lipoprotein components®!® %% Studies on the
relationship between structure and function of apolipoproteins are needed to under-
stand lipoprotein metabolism in fish.

Dextran sulfate cellulose (DSC) has been developed for LDL apheresis treatment
of the patients with familial hypercholesterolemia® %', The DSC has a specific affin-
ity for apo B-100 protein but not for apo A-I and apo A-TI by which LDL is selec-
tively removed from the human plasma®, The DSC also seems to be a useful tool for
the characterization of fish lipoproteins with different apolipoproteins, The present
paper deals with the behavior of plasma lipoproteins from rainbow trout and Japa-

nese eel against the DSC.

Materials and Methods

Cultured female rainbow trout Oncorhynchus mykiss (average body weight 1,580 g )
in vitellogenesis were obtained from Salmon Farm Station, Okuchi Branch, Kagoshima.
Cultured Japanese eel Anguilla japonica (average body weight 220 g ) were purchased
from a local fish market. Blood was removed over ethylenediaminetetraacetic acid
(EDTA, 5mg/m¢ blood) dissolved in 0.15M NaCl using a syringe inserted in the caudal
vasculature of live fish and kept at 4 C throughout the procedure. Plasma was ob-
tained by centrifugation (3,000 x g, 15 min). Japanese eel were also injected intraper-
itoneally with estradiol-178 (E,, 2 mg/kg body weight) on days 0, 4, and 8 to induce
VTG. The injection volume was 0.8 m{/kg body weight, E, was dissolved in anhy-
drous ethanol (2.5mg/m¢ ethanol). At day 10 blood was collected from the E;-treated
eel in a similar manner as other specimens, Plasmas were used for the isolation of
lipoproteins,

Plasma lipoproteins were separated by sequential ultracentrifugation? in a KBr
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solution at densities less than 1.006 g/w¢ for VLDL, from 1.006 to 1.085 g/m¢ for LDL,
from 1.085 to 1.210 g/m¢ for HDL, from 1.085 to 1.100 g/m¢ for HDL,, from 1.100 to 1.210
g/m for HDL3, and 1.210 to 1.280 g/mé for VTG. Each lipoprotein fraction was dialyzed
after separation against 10mM sodium phosphate buffer (pH 7.4) containing 0.15M
NaCl and 1.3mM EDTA (PBS-saline solution).

The procedures for binding of plasma lipoproteins to DSC gel were as follows.
Varying amounts of each lipoprotein were incubated with a constant amount of DSC
gel (LAQ1), which was kindly donated by Kanegafuchi Chemical Industrial Company,
Ltd., Osaka, at room temperature for 60 min with gentle stirring. The incubation mix-
tures were then centrifuged at 3,000rpm for 10min. The protein concentration in the
supernatant was determined, and its decrease due to the presence of the gel was con-
sidered as the protein bound to the gel. For typical experiments with VLDL, LDL,
and VTG, the DSC gel was first equilibrated with PBS-saline solution. Two m/ wet-packed
volume of DSC gel was suspended in 6 m¢ of the same buffer. The incubation mixtures
contained 200u¢ of the gel in suspension and lipoprotein in the same buffer, giving
a final volume of 600x¢ . In control incubation mixtures, 200« ¢ of buffer substituted
for the DSC gel suspension. For HDL, HDL,, and HDLs, 500 ¢ of the gel in suspen-
sion, prepared by suspending 3 m{ wet-packed gel in 6 m¢ buffer, was added to the lipo-
protein solution, giving a final incubation volume of 1 m{. Bindings of lipoproteins
reached maxima within 30 min. Therefore, the incubation time of 60 min was chosen for
all binding experiments.

Results and Discussion

The typical profiles of different lipoproteins from rainbow trout and Japanese eel
bound to the DSC gel are shown in Fig. 1. The amount of lipoprotein bound to a con-
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Fig.1 Typical binding profiles of plasma lipoproteins from rainbow trout (A) and
Japanese eel (B) to dextran sulfate cellulose.

O, very low density lipoprotein (VLDL); [J, low density lipoprotein (LDL):
<>, high density lipoprotein (HDL); A, high density lipoprotein 2 (HDL, );
V7, high density lipoprotein 3 (HDL; ); @, vitellogenin (VTG).
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stant volume of gel was displayed as a function of the concentration of added protein.
The amount of lipoprotein bound to the DSC gel increased as the lipoprotein concen-
tration increased until saturation was reached. When tested for different lipoproteins
from rainbow trout and Japanese eel, the saturating levels for HDL, HDL,, and HDL
were much lower than for VTG and VLDL., LDL displayed a moderate saturating
level. The binding data were analyzed according to the Langmuir’s adsorption iso-
therm? using the equation: (S-LP,) LP;/LP, =K, where S is the saturating level of
lipoprotein binding, LP, and LP; are concentrations of bound and free lipoproteins,
and K, is the dissociation constant. The plot of LP; against LP;/(LP,/V) gives the
K, value as the ordinate intercept in terms of lipoprotein concentration and the S/V
value as the slope in terms of lipoprotein concentration per volume of the DSC gel (V).
The linear plot of the data according to Langmuir’s adsorption isotherm is shown in
Fig. 2. The data for respective lipoprotein fractions from rainbow trout and Japanese
eel fitted to a straight line, suggesting that binding of lipoprotein to the DSC gel was
a simple Langmuir-type adsorptive binding. The values of K4 and S are summarized
in Table 1. The K, values (inverse of affinity) of VTG and VLDL from rainbow trout
and Japanese eel were lower than those of LDL and HDL, suggesting that both VTG
and VLDL had a high affinity to the DSC gel. The S values also indicated that the
DSC gel had a specific capacity for binding VTG and VLDL from rainbow trout and
Japanese eel, as well as human LDL. Such adsorption seemed to occur because VTG
and VLDL from rainbow trout and Japanese eel have a strongly positive charge and
because the binding of dextran sulfate covalently linked to porous cellulose beads to
these lipoproteins is based on its negative charge®. This suggests strongly the struc-
tural similarity between VTG and VLDL from rainbow trout and Japanese eel.
VLDL and VTG from laying hens have recently been reported to be endocytosed
by the growing oocyte viag binding to the same receptor, termed the VLDL/VTG
receptor, localized on the oocyte plasma membrane®®”, VLDL from the plasma of
laying hens possesses apo B-like protein and apo VLDL- 1 of molecular weight (Mr)
500K and 9.5K, respectively, as the main components®’. The binding of VLDL to the
receptor has been mediated by apo B-like protein but not by apo VLDL-1 *. VTG
isolated from the plasma of laying hens consists of apolipoprotein with Mr 240K®.
Although the difference in molecular weight is observed between apo B-like protein
in VLDL and apolipoprotein in VTG, these two apolipoproteins may have homolo-
gous domains in terms of binding to the VLDL/VTG receptor. VLDL and VTG from
the plasma of laying hens are the main egg yolk precursors synthesized under the
transcriptional control of estrogen in the liver, from where they are secreted into the
blood stream. VLDL and VTG appear to deliver TG and protein components into the
oocyte of laying hens by the process of receptor-mediated endocytosis, respectively.
In addition, VTG has been capable of transporting inorganic phosphate, calcium, and

riboflavin to the oocyte®.
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Table 1 Binding parameters of plasma lipoproteins from rainbow trout and Japanese eel

to dextran sulfate cellulose.

S
Lipoprotein (mg prolt{;in / mé) (mg protein / m¢ gel)
Rainbow trout Japanese eel Rainbow trout Japanese eel

VLDL 0.1473 0.1468 4.478 4.254
LDL 0.4554 0.2059 2.358 2.750
HDL 0.4902 - 0.7031 -
HDL, - 0.2804 - 0.7404
HDL; - 0.1634 - 0.2308
VTG 0.1311 0.08306 9.676 7.568

K4 is the dissociation constant, expressed as concentration of protein,
S is the saturating level of lipoprotein binding in terms of lipoprotein concentration,
expressed as milligrams of protein per milliliter of wet-packed gel.
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Fig. 2 Linearized plot of binding profiles of plasma lipoproteins from rainbow trout (A, a)

and Japanese eel (B,b) to dextran sulfate cellulose.

A and a, Binding data for vitellogenin (VTG, @), very low density lipoprotein (VLDL,
Q), low density lipoprotein (LDL, 1), and high density lipoprotein (HDL,<>) from
rainbow trout. B and b, Binding data for vitellogenin (VTG, @), very low density
lipoprotein (VLDL, O), low density lipoprotein (LDL,[]), high density lipoprotein 2
(HDL,, A), and high density lipoprotein 3 (HDL 3, V) from Japanese eel. The Lang-
muir equation, (S-LP,) LP;/LP, = K4, was converted to LP;=S-LP;/LP,—K,. Both S
and LP, in the equationi were divided by the volume of the DSC gel present in the
incubation mixture (V), giving the equation LP;= (S/V) LP;/(LP,/V)-K4. S is the
saturating level of lipoprotein binding in terms of lipoprotein concentration; K, is the
dissociation constant; LP; and LP, are free and bound lipoprotein concentrations, re-
spectively. The plot of LP; against LP;/(LP, /V) gives the K4 value as the ordinate
intercept in terms of lipoprotein concentration and the S/V value as the slope in
terms of lipoprotein concentration per volume of the DSC gel.
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Taking into account that both VLDL and VTG from rainbow trout and Japanese
eel had a high affinity to the DSC gel (Table 1), the structural similarity was suggest-
ed between apolipoproteins in VLDL and VTG. VTG has recently been noted to be
an ancestor of apo B-100 in human LDL by analyzing nucleotide databases®® ¥, The
major source of nutrients for the developing embryo in fish seems to be delivered into
the oocyte by the similar mechanism to laying hens described above, Thus the DSC
gel will be a useful tool to characterize fish plasma lipoproteins with different apolipo-
proteins,
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