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1. Introduction

When a hen starts to produce eggs, enhanced syn-
thesis by the liver brings about large increases in the
plasma concentrations of very low density lipoprotein
(VLDL) and of a heterogeneous high density ‘lipo-
phosphoprotein’ component [1—3]. These lipopro-
teins closely resemble the low density (LDF) and the
high density lipoprotein fractions of egg yolk. There
are strong similarities with respect to the lipid [4,5],
carbohydrate [5,6], and protein [7,8] components,
and identical antigens occur in equivalent lipoproteins
from the two sources. Such marked similarities of
composition, together with the lack of substantial
lipid-synthesising systems in the hen ovary [9], indi-
cate that the ovary probably takes these lipoproteins
directly from the blood and incorporates them rela-
tively unchanged into the egg yolk.

This paper describes a demonstration of the direct
transfer of 1-[4,5-* H] leucine-labelled VLDL from
hen plasma into the LDF of egg yolk.

2. Materials and methods

All studies were carried out on White Leghorn or
Rhode Island Red (Warren strain) hens which were
laying regularly.

In the first set of experiments, a 200 uCi sample of
L[4,5-*H]leucine in Eagle’s minimal essential me-
dium was injected into a wing vein of each of four
laying hens. At intervals up to 72 hr, blood was with-
drawn from wing veins into heparin 1 unit per ml
of blood), and the cells removed by centrifugation.
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VLDL was purified from each sample of plasma by
repeated flotation on a medium of density 1.006.
[10]. Samples of VLDL were dispersed in a 1:1 (vol/
vol) mixture of Triton X-100 and scintillation fluid,
and the radioactivity counted in a Philips liquid scin-
tillation analyser. The protein content was assayed by
the method of Lowry et al. [11].

The second set of experiments involved injection
of L[3H]leucine into hens as before, followed by the
sacrifice of the animals by decapitation at the time of
maximum labelling of the plasma VLDL (see Re-
sults). Up to 50 ml of blood were collected and the
VLDL isolated as previously described. The lipopro-
tein was suspended in 0.9% NaCl solution ‘for injec-
tion’, sterilised by filtration through an 0.8 um Milli-
pore filter and injected intravenously into fresh hens.
The eggs laid subsequently by these animals were
collected, and their LDF and high density lipoprotein
fractions isolated [12,13]. Samples of these lipopro-
teins were counted and their radioactivities compared
with those of the lipoprotein samples isolated from
eggs laid by hens injected with labelled leucine.

Electrophoresis in sodium dodecyl sulphate of the
apoproteins [14] of egg LDF and plasma VLDL was
carried out in 7.5% acrylamide according to Weber
and Osborn [15].

3. Results

Maximal labelling of the protein moiety of plasma
VLDL was reached about 7 hr after injection of label-
led leucine (fig. 1). In 24 hr the activity had de-
creased again to a relatively constant level.
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Fig. 1. The incorporation of L[3H] leucine into hen plasma
VLDL. The values shown are collated from four experiments.

The pattern of incorporation of label into egg
lipoproteins following injection of 3H-labelled leucine
is illustrated in fig. 2. There was parallel incorpora-
tion of the label into the LDF and high density lipo-
proteins, both of which showed maximum radio-
activity in the fourth egg after injection. Following
injection of the labelled VLDL, the label was found
only in the LDF fractions of the eggs. Again maxi-
mum activity was observed at about the fourth egg,
but no activity was present in the high density lipo-
proteins (fig. 3).
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Fig. 2. The incorporation of radioactivity into the lipoprotein
fraction of eggs laid by hens which had been injected with
L{3H}leucine. (J, LDF; @ high density lipoproteins.
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fractions of eggs laid by hens which had been injected with
labelled VLDL. [OJ; LDF; Bhigh density lipoproteins.

Experiments involving 3 ‘donor’ hens and 4 re-
cipients gave closely similar results.

The polypeptide profiles of egg LDF (gel a) and of
plasma VLDL (gel b), as revealed by SDS polyacryl-
amide gel electrophoresis, are shown in fig. 4. There
are close similarities in the mobilities and staining
intensities (Coomassie brilliant blue®) of the major
bands.

4. Discussion

The appearance after injection of labelled VLDL
into laying hens of radioactivity in the egg yolk LDF,
but not in the high density fraction, indicates that
there is direct transfer of protein from plasma VLDL
into egg LDF. Such a conclusion is consistent with
the detailed similarities in amino acid compositions
(7] of plasma VLDL and egg LDF apoproteins, and
the close correspondence of their principal polypep-
tide components in SDS acrylamide gels. The absence
of radioactivity in the egg yolk high density lipopro-
tein fraction suggests that breakdown and reutilisa-
tion of the VLDL protein moiety during transfer are
probably negligible.

Extensive structural investigations [16—19] have
indicated that these low-density lipoproteins prob-
ably consist of a neutral lipid core surrounded by a
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Fig. 4. SDS-polyacrylamide gel electrophoresis. (a) The apo-
proteins of plasma VLDL; (b) the apoproteins of egg LDF.
7.5% Acrylamide.

surface layer of phospholipid and protein. If this
structural picture is correct, the evidence of direct
transfer of protein might suggest that the whole lipo-
protein particle is transferred from plasma to yolk
relatively intact. Their similar lipid compositions
provide further support for this view, as does the
absence of substantial lipid-synthesising systems in
the hen ovary.

An equivalent transfer of specific high density
components from plasma into egg HDF is suggested
by similarities in composition [1,5,8]. A direct assess-
ment of this idea would be feasible using a technique
similar to that employed in the present study.
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