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Is vitellogenin an ancestor of apolipoprotein B-100 of human low-
density lipoprotein and human lipoprotein lipase?
Michael E. BAKER
Department of Medicine, M-023, University of California, San Diego, La Jolla, CA 92093, U.S.A.

Vitellogenin, an ancient animal protein, is the major yolk protein of eggs, where it is used as a food source

during embryogenesis. Here it is shown that vitellogenins, including those from the invertebrates
Caenorhabditis elegans and Drosophila melanogaster, contain domains that are homologous with parts of
apolipoprotein B-100 (apoB-100) of human low-density lipoprotein and human lipoprotein lipase. As
vitellogenins are likely to have been used by invertebrates during embryogenesis well before the circulation
of lipids appeared in vertebrates, it is suggested that copies of a precursor gene, serving a function similar
to vitellogenin, were modified to code for part of apoB- 100 and lipoprotein lipase in vertebrates. In addition
to providing a link between invertebrates and vertebrates for proteins involved in lipid transport, these
homologies suggest new functions for vitellogenin other than being a yolk food for the developing
embryo.

INTRODUCTION
Serum proteins in the early vertebrates are able to

function in ligand transport and blood clotting like their
descendents in mammals [1-3]. Although it is clear that
many of these serum proteins evolved by exon shuffling
and gene duplication [2,4,5], the details of events prior to
450 million years ago, when vertebrates first appeared,
are still unknown. Here it is shown that two modem
vertebrate serum proteins, apolipoprotein B-100 (apoB-
100) of human low-density lipoprotein (LDL) and
human lipoprotein lipase contain domains that are
similar to parts of vitellogenins from the invertebrates
Caenorhabditis elegans and Drosophila melanogaster.
ApoB-100, lipoprotein lipase and vitellogenin have

apparently distinct functions. The first two proteins have
important roles in the utilization of cholesterol, tri-
acylglycerols, and other lipids by vertebrates. ApoB-100,
an Mr - 510000 protein, is part of very-low-density
lipoprotein (VLDL), intermediate-density lipoprotein
(IDL) and LDL [4,6-11], and it functions as a transporter
of cholesterol and triacylglycerols to cells throughout the
body. The first 2150 amino acids of apoB- 100 constitute
apoB-48, which is found in chylomicrons [12] and
chylomicron remnants. Lipoprotein lipase hydrolyses
triacylglycerols of circulating VLDL [13-15], converting
VLDL to IDL.

Vitellogenin is an egg-yolk protein used by oviparous
vertebrates and invertebrates to feed the developing
embryo [16-18]. Vertebrates synthesize vitellogenin in
the liver, from which it is secreted into the blood and
transported to oocytes, where it is selectively taken up by
receptor-mediated endocytosis [19]. Once inside the
oocyte, frog and chicken vitellogenin are cleaved to form
lipovitellin I, phosvitin and lipovitellin II. Nematode
vitellogenin [20] contains sequences homologous with
vitellin I and II [20a,21], but lacks the phosvitin sequence.
In nematodes [20] and sea urchins [22], vitellogenin is
synthesized in the intestine. Drosophila yolk proteins 1

and 2 [23-25] are synthesized in the female fat body and
ovary [26]. Like vertebrate vitellogenins, invertebrate
vitellogenins are taken up by the oocyte and then
processed for use as food for the developing embryo.
Aside from being a food for the developing embryo,
vitellogenin has no other known biological function.

Interest in the origin of serum proteins involved in
steroid binding and blood clotting [27-29] led to the
unexpected finding that a - 250 residue segment at the
C-terminus of vitellogenin is homologous with von
Willebrand factor (M. E. Baker, unpublished results).
To explore the possibility that other modern vertebrate
proteins were derived from vitellogenin, vitellogenins
were compared with proteins in the database with the
Lipman-Pearson FASTP program [30]. It was found
that: (1) segments on vitellogenins from the invertebrate
Caenorhabditis elegans, as well as frog and chicken
vitellogenin, were similar to parts of human apoB-100;
and (2) Drosophila melanogaster vitellogenin was similar
to several lipases, with the strongest similarity to human
lipoprotein lipase. It is proposed that vitellogenins are
ancestors of apoB-100 and lipoprotein lipase, and that
vitellogenin may have biological functions in addition to
being a yolk food for the developing embryo.

RESULTS

Drosophila vitellogenin is similar to human lipoprotein
lpase

The Lipman-Pearson FASTP search revealed that
both yolk proteins from Drosophila were similar to three
lipases in the database: human lipoprotein lipase [14,15];
porcine pancreatic lipase [31,32]; and dog pancreatic
lipase [33]. Yolk proteins 1 and 2 are about 50% similar
[25]. Yolk protein 1 showed more similarity to these
lipases than did yolk protein 2. Among the lipases, the
closest similarity was between human lipoprotein lipase
and yolk protein 1. Fig. 1 shows most of the similar

Abbreviations used: ApoB-100, apolipoprotein B-100; LDL, low-density lipoprotein; VLDL, very-low-density lipoprotein; IDL, intermediate-
density lipoprotein; DFP, di-isopropyl fluorophosphate.
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Fig. 1. Alignment of Drosophila yolk protein 1 with human lipoprotein lipase
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Out of 124 possible matches there are 50 identities (40%) and 34 conservative replacements (27 %). ':' Shows identities; '.'
shows conservative replacements. The ALIGN analysis of these amino acid sequences, using a gap penalty 8, gives a score that
iS 11.9 S.D. higher than that obtained with 1000 comparisons of randomized sequences of these segments. The probability of
_getting such a score by chance is 6 x 10-33. The segment on lipoprotein lipase with homology to the interfacial lipid-binding site
on porcine lipase [31] is underlined. Serine- 132 on lipoprotein lipase, which corresponds to the active-site serine on porcine lipase,
is replaced with asparagine-225 on vitellin 1.

region in human lipoprotein lipase and Drosophila vitel-
logenin 1, including the region on lipoprotein lipase
that is similar to the substrate-binding site on porcine
pancreatic lipase [32]. The ALIGN [34] score for these
segments is 11.9 S.D. units higher than that obtained with
1000 comparisons of randomized sequences of these
segments. The probability of getting this score by chance
is 6 x 10-33.

The sequence similarity does not allow the unequivocal
determination of whether vitellogenin and lipoprotein
lipase are derived from a common ancestor or whether
they are examples of convergent evolution. However,
scores about 10 S.D. units usually indicate common an-
cestry [30], especially when the proteins have other
properties in common, such as recognizing similar kinds
of hydrophobic ligands.

Caenorhabditis elegans, frog and chicken vitellogenin
are similar to human apoB-100
The Lipman-Pearson FASTP search also indicated

that apoB-100 was similar to C. elegans vitellogenin,
which is homologous with frog and chick vitellogenin
[20a,2 1]. A graphical representation of the comparison of
the first 1000 residues at the N-terminus of apoB-100
with C. elegans and Xenopus laevis vitellogenin, shown in
Fig. 2, shows several similar segments ofover 100 residues
in these proteins. The ALIGN computer analysis was
used to quantify the similarity between apoB-100 and
vitellogenins. The ALIGN comparison score for residues
211-684 of apoB- 100 with residues 247-725 of C. elegans
vitellogenin was 10.35 S.D. units (P < 10-25) higher than

that of 200 comparisons of randomized sequences of
these proteins. An ALIGN analysis of residues 19-587 of
apoB-100 with residues 24-607 of frog vitellogenin and
with residues 24-605 of chick vitellogenin yielded scores

of 15.95 and 12.75 S.D. units, respectively.

Comparisons of viteliogenins
Nardelli et al. [21] presented an alignment of C. elegans

vitellogenin with frog and chicken vitellogenin, which
indicated that these proteins were homologous. The most
similar part of vitellin I was in the N-terminal 850
residues. To obtain a quantitative measure of the simi-
larity, the RELATE computer program [34] was used to
compare the first 850 residues of C. elegans vitellogenin
with frog and chicken vitellogenin using a 50 residue
segment, which yielded scores of 12.2 and 10.9 S.D. units
respectively. Other comparisons showed that Drosophila
vitellogenins 1 and 2 do not appear to be similar to either
frog or chicken vitellogenin. However, Drosophila vitello-
genin 1 contains a 200 residue segment that is similar to
two segments in the vitellin I part of C. elegans vitello-
genin. A RELATE analysis of residues 1-200 of Droso-
phila vitellogenin 1 with residues 300-800 of C. elegans
vitellogenin, using a 30 residue segment, yielded a com-
parison score of 6.7 S.D. units (P = 10-11). The part of
Drosophila vitellogenin that is similar to C. elegans
vitellogenin does not include the segment that is similar
to lipases. As sequences of other vitellogenins become
available, it will be possible to establish more definitively
the evolutionary relationships among these proteins, as
well as their relationship to other lipophilic proteins.
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Vitellogenin: ancestor of apoB-100 and lipoprotein lipase
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Fig. 2. Graphical comparison of human apoB-100 with C. elegans vitellogenin and Xenopus laevis viteliogenin

The first 1000 residues of human apoB-100 were compared with the first 1000 residues of vitellogenin from C. elegans (a) and
Xenopus laevis (b) using segments of 45 and 49 residues respectively. Each segment was scored with the Dayhoff matrix [34].
Scores above a minimum are represented by a dot at the midpoint of the segment. Thus there is additional similarity of 23
residues for the C. elegans and 25 residues for Xenopus laevis extending beyond each segment shown in the Figure. An ALIGN
analysis of residues 247-725 of C. elegans vitellogenin with residues 211-684 of human apoB-100, using a gap penalty of 8,
yielded a score of 10.35 S.D. units. An ALIGN analysis of residues 24-607 of frog vitellogenin with residues 19-587 of apoB-
100 yielded a score of 15.95 S.D. units.

DISCUSSION

Similarity of apoB-100 to vitellogenin
There are biological similarities to support the notion

of a common ancestor for vitellogenin and apoB-100.
Like apoB- 100, vitellogenin binds hydrophobic molecules
such as phospholipids, triacylglycerols and cholesterol
and it transports these molecules to a target cell. Also,
like apoB- 100, vitellogenin binds to a membrane receptor
and enters the cell by endocytosis [19]. Moreover, chicken
apoB- 100 and vitellogenin synthesis is induced by oestro-
gen [35,36]. Interestingly, there is evidence for cross-
reactivity of antibodies to mammalian LDL receptor
with chicken-oocyte vitellogenin receptor [37]. The N-
terminal 1000 residues of apoB- 100, which were found to
be similar to vitellogenin, comprise about 40 % of apoB-
48, which is found in chylomicrons [10,12]. Like C.
elegans vitellogenin, apoB-48 is synthesized in the in-
testine. Based on the sequence similarity between vitello-
genin and apoB-100 (and apoB-48) and their biological
similarities, I suggest that the transfer of cholesterol and
other lipophilic compounds to cells by human apoB-100
descended from the actions of vitellogenin secreted from
C. elegans intestine.

Similarity of human lipoprotein lipase to vitellogenin
The similarity of Drosophila vitellogenin to human

lipoprotein lipase is intriguing. Human lipoprotein lipase
and dog and pig pancreatic lipase belong to a family of
lipases [14,38], which include rat hepatic lipase, rat lingual
lipase and human lecithin: cholesterol acyltransferase
[39]. Although some of these lipases show substantial
differences in parts of their amino acid sequences, they

have conserved a sequence that has been identified as the
interfacial lipid-binding region of porcine pancreatic
lipase [32], where it is thought that substrate binding and
catalysis by a serine residue, which also reacts with di-
isopropyl fluorophosphate (DFP) [40,41], occurs.
The high comparison score for yolk protein 1 and

lipoprotein lipase and the high conservation of the
presumed lipase active site, underlined in Fig. 1, suggests
that they have some common biological properties.
However, examination of this segment on yolk protein 1

and 2 reveals that the serine residue that reacts with
DFP is replaced with an asparagine and a glycine
respectively, which may mean that yolk proteins 1 and 2
are not catalytically active. Of course, it is possible that
a serine or another amino acid from another part of the
primary structure is properly positioned in the tertiary
structure to act as a nucleophile for an enzymic reaction.
In seeking an enzymic activity in vitellogenin, it should
be kept in mind that some lipases use different cofactors
to modulate their enzymic activity. For example, the
enzymic activity ofhuman lipoprotein lipase is dependent
on the cofactor apolipoprotein C-II, while pancreatic
lipase requires the cofactor colipase for maximal activity.
Thus it may require special conditions to observe enzymic
activity or reaction with DFP in vitellogenin. A relevant
precedent for lipid-transporting proteins to recognize
DFP and have esterase activity comes from albumin and
a-foetoprotein, the major transporters of fatty acids in
adult and foetal serum, respectively. Both albumin and
a-foetoprotein have sites that recognize DFP [28, 42-44].
Albumin uses a tyrosine residue to catalyse the hydrolysis
of esters [42,43].

It is also interesting that lipoprotein lipase has a

functional role in the conversion of VLDL to LDL,
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which contain apoB-100, which is similar to a vitello-
genin.

Vitellogenins are ancient animal proteins that were
used by protostomes and deuterostomes to feed the
developing embryo. However, it should be realized that
the sequences that are available for analysis are different
from the ancestral proteins, even if the organism, be it
the nematode or the fly, retains many features of the
ancestor that originated hundreds of millions of years
ago. In this context, the good conservation of parts of
invertebrate and vertebrate vitellogenin sequences with
two mammalian proteins involved in lipid transport and
metabolism over such a long time suggests that vitello-
genins may have a function other than as a food source,
for example, as a carrier for apolar molecules and perhaps
as an enzyme. One good candidate in which to examine
for such novel functions is sea-urchin vitellogenin, as
suggested by Shyu et al. [22] who found large quantities
of vitellogenin in male sea urchins. The sequence of this
vitellogenin may contain more clues to the function(s) of
this interesting protein.

I thank Darrell Fanestil and Bill Loomis for reviewing an
earlier version of this manuscript and Bill Loomis for vigorous
and thought-provoking discussions of principles of
evolutionary biology. The encouragement and support of
Andrew Ansel and Marvin Weissberg for this research is
gratefully acknowledged. After this manuscript was completed
I learned that the similarity between Drosophila vitellogenin
and lipases was also discovered by Dr. Russell Doolittle,
University of California, San Diego (unpublished results), and
by Coulson et al. [45].
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