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A 10 138 bp cDNA from the fat body of the tobacco hornworm, Manduca sexta, which encodes
the precursor protein for apolipophorin aPOLP-1 and -1I, the structural apolipoproteins of
the insect lipoprotein, lipophorin, has been cloned and sequenced. The ¢cDNA has a single
9915 bp open reading frame beginning at an initiating ATG at bp 59 and extending to a stop
codon at position 9974. This open reading frame encodes a 3305 amino acid protein with a
molecular mass of 366 812 Da. Signal peptide cleavage is predicted to occur after residue 23,
leaving a 3,282 amino acid precursor protein. The precursor protein is arranged with apoLp-
II at the amino terminal end and apoLp-I at the carboxy terminal end. At present, the site
of cleavage of the precursor protein to generate apoLp-I and -II is unknown. Copyright ©

1996 Elsevier Science Ltd

Manduca sexta Apolipoprotein Lipophorin

INTRODUCTION

Insects have a single high density hemolymph lipoprotein
called lipophorin, which is composed of 60% protein and
40% lipid (Soulages and Wells, 1994). Lipophorin is a
nearly spherical particle which consists of a hydrophobic
core, composed of transported lipids, primarily diacylgly-
cerol, with smaller amounts of sterol, triacylglycerol,
fatty acid and hydrocarbon, surrounded by a hydrophilic
surface coat of apolipoproteins and phospholipid. Lipo-
phorin contains two surface apolipoproteins, and each
particle contains one molecule of apolipophorin-II
(apoLp-I; Mr =250 000) and one molecule of apolipo-
phorin-II (apoLp-1I; Mr =~80 000). Lipophorin is similar
to the vertebrate high density lipoproteins in its size and
to the vertebrate low density lipoproteins in its structural
organization. In all insect systems, except the developing
egg, lipophorin delivers lipids to tissues without endo-

*This sequence has been deposited in GenBank under accession num-
ber U57 651.

‘tDepartment of Biochemistry and Center for Insect Science, Biological
Sciences West, The University of Arizona, Tucson, AZ 85721,
US.A.

tAuthor for correspondence. Tel.: 520 621-3847; Fax: 520 621-9288;
Email: wells@mozart.biosci.arizona.edu

cytosis of the lipoprotein particle (Soulages and Wells,
1994).

The mechanism of intracellular assembly of lipophorin
is not well understood. Lipophorin is synthesized in the
fat body and secreted into the hemolymph where it serves
as a reutilizable to transport lipids between insect tissues
(Soulages and Wells, 1994; Prasad ef al., 1986. Venka-
tesh et al., 1987; Weers et al., 1992). ApoLp-I and -1l
arise from a common precursor (Weers et al., 1993),
which is similar to the situation in the major egg protein
vitellogenin (Raikhel and Dhadialla, 1992). In this paper
we present the cDNA and deduced amino acid sequence
of the apoLp-I and -II precursor protein from Manduca
sexta.

MATERIALS AND METHODS

The apoLp-I-II precursor protein mRNA sequence
was determined using clones isolated from four different
cDNA libraries that were constructed using mRNA from
SECOND day fifth instar M. sexta fat body. Clone 1 (bp
4703-7918) was isolated from a Agtll random primed
cDNA expression library (Cole et al., 1987) by probing
with polyclonal antibodies to ApoLp-I. Clone 2 (bp
4024-5572) was isolated from a second random primed
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cDNA library (APGEM-2) that was probed with a sub-
clone from the 5" end of the clone 2. Clone 3 (bp 6959
10 138) was obtained from a AZAP II oligo-dT primed
c¢DNA library by probing with a subclone from the 3’
end of the clone 1. Clone 4 (bp 1-4412) was obtained
by making a 5" ¢cDNA library using Stratagene’s ZAP
EXPRESS library kit. In order to overcome secondary
structure in the mRNA, a hot start technique was used
in which all the components of the first strand synthesis
reaction, except the reverse transcriptase and RNase
Inhibitor, were heated to 65°C. The temperature was
reduced to 50°C and the RNase Inhibitor and reverse
transcriptase  (Stratagene’s Stratascript RNase H~
MMLYV-RT) were added. This reaction mixture was incu-
bated for one hour, after which the temperature was low-
ered to 40°C and 50 U more of reverse transcriptase were
added. ¢cDNA synthesis was allowed to proceed for
another hour. The rest of the library construction was
performed as described in the Stratagene library protocol.
Clone 4 was identified by probing with a 380 bp PCR
product corresponding to the 5° end of clone 2.

All clones were sequenced by making Exo III deletion
subclones using Promega’s Erase-A-Base kit (Henikoff,
1984) and then using USB’s Sequenase 2.0 kit (Sanger
et al., 1977). Gaps between the Exo III deletion sub-
clones were filled in by sequencing with primers made
at the University of Arizona sequencing service using an
Applied Biosystem’s model 373 automated DNA
sequencer (Ansorge et al., 1987; Smith et al., 1986).

Tryptic peptides isolated from purified apoLp-l or
apoLp-II were sequenced at the Harvard Microchemical
Facility.

Northern blot analysis was carried out as described by
Noriega and Wells (1993), using second day fifth instar
fat body total RNA. The blot was first probed with a
random primed probe that annealed to bases 9758-
10 138 in the apoLp-I-II sequence (3’ probe). The blot
was then stripped and probed with a single stranded
probe that annealed to bases 709-1810 in the apoLp-I-
II sequence (3’ probe).

Sequence Analysis was carried out using the Wiscon-
sin Sequence Analysis Package by Genetics Computer
Group, Inc. and through programs available on the World
Wide Web, for example through “Pedro’s Bimolecular
Research Tools.”

RESULTS AND DISCUSSION

The 10 138 bp cDNA sequence (GenBank Accession
Number U57 651, sequence not shown) has a single 9915
bp open reading frame beginning at an initiating ATG at
bp 59 and extending to a stop codon at position 9974.
This open reading frame encodes a 3305 amino acid pro-
tein (Fig. 1) with a molecular mass of 366 812 Da
(excluding the initiating Met). Although the polyA tail
was lost during cloning, the cDNA has a consensus poly-
adenylation sequence, AATAAA, starting at bp 10 122.
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Signal peptide cleavage is predicted to occur after residue
23 (Von Heijne, 1986)

Three tryptic peptides from purified apoLp-II were
located at positions 33—44, 677-693 and 700-709, and
one tryptic peptide from purified apoLp-I was located at
positions 2897-2920 (Fig. 1, underline). These results
show that the precursor protein is arranged with apoLp-
II at the amino terminal end and apoLp-I at the carboxy
terminal end. The precursor protein contains two strong
glycosylation sites (NXT/S, where X is any residue other
than D, W or P), one in apoLp-II (residues 643-645)
and one in apoLp-I (residues 2769-2771), and one weak
glycosylation site (NXT/S, where X is D, W or P) in
apoLp-I (residues 1844-1846), which is consistent with
the fact that both apolipoproteins are glycosylated
(Shapiro et al., 1984). No other sites for post-trans-
lational modification were found.

The site of cleavage of the precursor protein to gener-
ate apoLp-I and -II is unknown. There are no recogniz-
able protein processing sites between residues 700 and
800, where the likely site of processing occurs, and sev-
eral attempts to determine the amino-terminal sequence
of apoLp-I were unsuccessful. However, the carboxy ter-
minal most tryptic peptide of apoLp-II, identified by tan-
dem mass spectroscopy peptide sequence analysis, ends
at residue 709. This peptide does not have a R or K resi-
due at its carboxy terminal, as would be expected for a
tryptic peptide, which might mean that residue 709 is the
carboxy terminal of apoLp-II. If this indeed represents
the cleavage site, it would produce apoLp-II with M,
=74,875 and apoLp-I with M, and =289 551. The appar-
ent discrepancy in the predicted molecular mass for
apoLp-1I, based on an SDS-PAGE value of ~80 kDa, is
not large and within the error of SDS-PAGE molecular
mass determinations. For example, Willott ez al. (1989)
found a similar difference for arylphorin which has about
the same mass as apoLp-II. The discrepancy for apoLp-
I seems larger, based on an SDS-PAGE value of ~250
kDa. However, apoLp-I is known to bind lipid with high
affinity (Kawooya et al., 1989), which might explain an
abnormal mobility in SDS-PAGE and calibration of the
gels in this molecular weight range is not highly accurate.
It is also possible that during the cleavage reaction a
polypeptide of significant size is removed. However, in
the absence of hard data, further speculation about the
molecular mass of apoLp-I is not warranted.

Fig. 2 shows a Northern blot using second day fifth
instar fat body total RNA that was first probed with a
random primed probe that annealed to bases 9758-
10 138 in the apoLp-I-II sequence (5’ probe), then the
blot was stripped and probed with a single stranded probe
that annealed to bases 709-1810 in the apoLp-I-1I
sequence (3’ probe). It can be seen that both probes
detected the same ~10 kb mRNA.

A sequence homology search using the BLAST net-
work service at the NCBI showed that the apoLp-I-1I
precursor protein was 19.8% identical and 42.9% similar
to human apolipoprotein B. However, the alignment of
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MAMSASLVTS
DAVEFANGVV
VCFNKARTEV

FIGURE 1. Deduced amino, acid sequence of the precursor protein for apolipophorin-I and -II. The sequence begins with the
initiating MET. There is a putative 23 amino acid signal sequence shown in italics. Single underlined sequences correspond
to the amino acid sequence of peptides isolated from a tryptic digestion of pure apolipophorin-II, and the double underlined
sequence corresponds to the amino acid sequence of a peptide isolated from a tryptic digestion of pure apolipophorin-I.
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FIGURE 2. Northern blot of Manduca sexta second day fifth instar

fat body total RNA. The blot was first probed with a random primed

probe that annealed to bases 9758-10 138 in the apoLp-I-II sequence

(5" probe). The blot was then stripped and probed with a single

stranded probe that annealed to bases 709-1810 in the apoLp-1-11
sequence (5’ probe).

the apoLp-I-II precursor with apolipoprotein B did not
reveal any regions of high identity or similarity, rather
there was a scattering of small regions of similarity or
identity through the entire sequence. Alignment of the
apoLp-I-II precursor to other vertebrate and invertebrate
apolipoproteins did not yield any significant similarities.
The precursor protein showed some similarity to lower
vertebrate vitellogenins (sturgeon, frog and chicken), but
no significant similarity to insect vitellogenins (mosquito,
bollweevil, or silkworm). Because vitellogenins contain
two peptide chains produced by cleavage of a precursor
protein, we looked carefully to determine whether there
was any homology around the putative cleavage sites,
but found none.

Based on a number of studies, it has been concluded
that in lipophorin apoLp-I is found predominately on the
surface of the particle, whereas apoLp-II is somehow
“sequestered” away from the aqueous environment
(Soulages and Wells, 1994). The amino acid sequence of
the precursor protein does not show any unusual
sequences in apoLp-II that could explain this obser-
vation. Analysis of the predicted secondary structure of
the precursor protein using the PredictProtein mail (Rost,
1996) and the PHDsec programs (Rost and Sander, 1993,
1994) did not reveal any striking secondary structure pre-
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dictions for apoLp-II which might explain the seques-
tration of apoLp-II. Additionally, there were no long runs
of hydrophobic amino acids in the sequence which might
be putative lipid-binding domains, nor were there any
apparent loops near the putative processing site.
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