Korean J. Zool. 34:1-7, 1991

Isolation and Characterization of Lipophorin

from Lymantria dispar L.
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Lipophorin of Lymantria dispar L. has been purified by KBr density gradient ultracentrifuga-
tion. The properties and synthetic site of lipophorin and quantitative change of lipophorin
during development have been determined using electrophoresis and immunological analysis.
Lipophorin is composed of two subunits, apo-Lpl (230,000), apo-Lpll (49,000), and contains
carbohydrates and lipids. Anti-lipophorin showed positive reactions with fat body extract and
ovary extract but not with gut extract. The concentration of lipophorin in hemolymph showed
gradual decrease during larval and pupal stages. Also, fat body released lipophorin into
medium. Immunological test showed some partial identity between lipophorin of Lymantria
dispar and hemolymph proteins (probably lipophorin) of Hyphantria cunea and Galleria mel-

lonella.

KEY WORDS : Hemolymph, Fat body, Lipophorin, Immunological analysis, Lymantria dispar

Insect hemolymph has special lipid carrier
which binds hydrophobic materials such as lipids,
carotenoids, cholesterols and hydrocarbons
absorbed from the gut and transports them to spe-
cial storage site and also carries them from storage
site to various organs. This carrier is a conjugated
protein called lipophorin.

Lipophorin functions to transport the absorbed
dietary lipids to storage organ such as fat body
during larval stage (Ventatesh and Chippendale,
1987) and provide ovary with phospholipids
necessary for vitellogenesis in vitellogenic female
(Gondim et al., 1989a, b). Also, lipophorin func-
tions to transport energy source from fat body to
flight muscle in adults of Lepidoptera, Hemiptera
and Orthoptera using lipids as energy source for
flight (Mayer and Candy, 1967; Van der Horst et
al., 1978, 1979). Lipophorin was also reported to
be JH carrier protein (De Kort and Koopmans-
chap, 1989). Lipophorin was known to transport
diacylglycerols, cholesterols, carotenoids, hydro-
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carbons (Van der Horst et al., 1979; Katase and
Chino, 1984; Parasad et al., 1986; Ryan et al,
1986; Tsuchida et al, 1987; Germain et al,
1988), phospholipids (Gondim et al., 1989) and
various xenobiotics (Haunerland and Bowers,
1986). Among these diacylglycerol or cholesterol
was bound to lipophortin from fat body while hyd-
rocarbon, at least in the case of Locusta migrator-
ia, bound to lipophorin from oenocyte and trans-
ported to target cell such as cuticle (Katase and
Chino, 1984).

Protein part of lipophorin is composed of two
subunits (apo-Lpl and apo-Lpll) (Chino et al,,
1981; Shapiro et al., 1984; Robbs et al., 1985;
Prasad et al., 1986; de Bianchi et al., 1987; Ger-
main et al., 1988). It was also known that
lipophorin is made up to three subunits (apo-Lpl,
apo-Lpll and apo-Lplll or C protein) in adult of
Manduca sexta, Locusta migratoria and Schis-
tocerca gregaria using lipids as energy source for
flight (Kawooya et al., 1984; Van der Horst et al,
1984; Wells et al., 1985; Haunerland et al., 1986).
Thus, research works on lipophorin have been
mostly confined to seperation, purification and
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composition. Present work reports on quantitative
change during development and synthetic site of
lipophorin, in addition to purification and com-
position of lipophorin in hemolymph of Lymantria
dispar. Also, immunological relationship with
hemolymph proteins of other insects was tested.

Materials and Methods

Insects

Larvae of Lymantria dispar were reared on gyp-
si moth wheat germ diet, ICN Biochemicals at 27
+ 1°C and 75 + 5% relative humidity with the
photoperiod of 16th light: 8h dark. Hyphantria
cunea and Galleria mellonella were obtained from
the colony maintained in Department of Biology,
Korea University.

Collection of Hemolymph

Hemolymph was collected in a chilled test tube
by cutting the abdominal leg of larvae. A few crys-
tals of phenylthiourea (PTU) were added to the
hemolymph to prevent melanization and also a
small amount of EDTA added to prevent coagula-
tion of lipophorin. The hemolymph was then cen-
trifuged at 10,000 rpm for 10 min and the super-
natant stored at —70°C until used.

Purification of lipophorin by ultracentrifugation

Lipophorin was purified from the hemolymph
by density gradient ultracentrifugation using
Hitachi RPS-50-2-126 rotor. Eleven thousand
seventy two mg of KBr and 1 ml of hemolymph
were put into ultracentrifuge tube. Phosphate buf-
fered saline (PBS:0.15 M NaCl/0.10 M Sodium
phosphate /0.05% EDTA, pH 7.0) was added to
this hemolymph to be final volume of 2.5 ml. KBr
was completely dissolved using vortex and then
0.9% NaCl was added to this solution to be final
volume of 5 ml. This solution was centrifuged at
38,000 rpm for 10 min at 10°C and then yellow
colored lipophorin band was extracted from the
tube using peristaltic tube.

Determination of Molecular Weights

Molecular weights of lipophorin subunits were
determined as described by Lambin et al. (1976).
Standard molecular weight markers were carbonic
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anhydrase {29,000), egg albumin (45,000), bovine
plasma albumin (66,000), phosphorylase (97,000,
A -galactosidase (116,000} and myosin (205,000).

Composition of Lipophorin

Purified lipophorin was electrophoresed and
stained with PAS for carbohydrate (Caldwell and
Pigmann, 1965) and Sudan black B for lipid
(Chippendale and Beck, 1966).

Preparation of the antiserum and immunological
analysis

Purified lipophorin {approximately 600 . g/ml)
was mixed with an equal volume of Freund’s
complete adjuvant (0.5 ml) and injected sub-
cutaneously into rabbits three times every other
day with a fourth injection given 1 week later.
Booster injections (0.5 ml protein and 0.5 ml
Freund's incomplete adjuvant) were given 2
weeks after the fourth injection. Blood was col-
lected 1 week after the fifth injection, allowed to
coagulate at 4°C overnight, and centrifuged at
10,000 g for 10 min. The supernatant was used
for the immunological tests. Immunodiffusion tests
were conducted on 1% agarose gel in 10 mM
Veronal buffer (pH 8.6) containing 0.1% sodium
azide for 3 days at room temperature as described
by Ouchterlony (1949). Gels were stained in 1%
Amido black 10B and destained in 2% acetic
acid. Rocket immunoelectrophoresis was carried
out according to Laurell (1966). One percent agar-
ose in 10 mM Vercnal buffer (pH 8.6) containing
0.1% sodium azide was mixed with an appropri-
ate amount of anti-LP serum to vield 5% anti-LP
serurn. This mixture was coated on a glass plate
(6.5 X 6.5 cm). Electrophoresis was conducted in
10 mM Veronal buffer (pH 8.6) at 200 V for 2 h.
After electrophoresis, the gel was washed in 0.15
M NaCl for 48 h and stained in Amido black 10°
B.

Tissue culture

Fat body tissue was dissected and washed two
or three times in cold Ringer solution and incu-
bated in Grace’s insect culture medium for 4 h.
The supernatant was used for immunodiffusion.
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Results

Purification of Lipophorin by Ultracentrifugation

Lipophorin was purified from larval hemolymph
by KBr density gradient ultracentrifugation. Yellow
colored band appeared at upper middle part of
tube after centrifugation (Fig. 1). This color is due
to the presence of carotenoids bound to lipophor-
in (Shapiro et al., 1984). This band was regarded
to be lipophorin and so collected for sample.

- CN

Fig. 1. KBr density gradient ultracentrifugation of L.
dispar hemolymph. Lp: Lipophorin band (vellow),
CN : Cyanoprotein band (blue).

Purity confirmation of purified lipophorin

Hemolymph and purified lipophorin were each
electrophoresed under non-denatured condition
to confirm lipophorin band on hemolymph elec-
trophorogram as well as purity of purified
lipophorin (Fig. 2). As shown in Fig. 2, two
lipophorin bands appeared on electrophorogram,
among which upper band is considered to be
lipophorin.

Properties of lipophorin

Purified lipophorin gave positive reactions with
PAS and Sudan black B, indicating that lipophorin
contains carbohydrate and lipid (data not shown).
Also, purified lipophorin was electrophoresed on
6% SDS-polyacrylamide gel with standard
molecular weight markers. Lipophorin is com-
posed of two subunits, apo-Lpl (M. W = 230.000)
and apo-Lpll (49,000)(Figs. 3, 4).

Isolation and Characterization of Lipophorin
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Fig. 2. Electrophoretic patterns of hemolymph and puri-
fied lipophorin of L. dispar. The open arrows indicate
lipophorin band. lane A : hemolymph, lane B : purified
lipophorin.
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Fig. 3. SDS-PAGE (6%) of hemolymph and purified
lipophorin. lane 1 : Standard molecular weight markers,
lanes 2-5: purified lipophorin, lanes 6-7 : hemolymph.
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Fig. 4. Determination of M. W. of Lipophorin subunits
(Apolipophorin) by 6% SDS-PAGE. Marker proteins
used were (A) Myosin (205,000}, (B) Phosphorylase
(97,400), (C) Bovine plasma albumin (66,000), (D) Egg
albumin (45,000), (E) Carbonic anhydrase (29,000).

Distribution of lipophorin in tissues

Immunodiffusion was conducted using antibody
against lipophorin to determine the distribution of
lipophorin in tissues. Anti-lipophorin showed posi-
tive reaction with larval fat body and pupal ovary
but not with larval midgut (Figs. 5, 6).

Fig. 5. Double diffusion precipitation on Ouchterlony

plate. A: anti-Lp, B : qut extract, C : fat body extract, D :
purified lipophorin, E : hemolymph.
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Fig. 6. Double diffusion precipitation on QOuchterlony
plate. A:anti-Lp, B : ovary extract, C: fat body culture
media, D : hemolymph.
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Fig. 7. SDS-PAGE (6%) of hemolymph and fat body
extract. lane 1 : fat body extract, lanes 2-4 : hemolymph.

Synthesis of lipophorin by fat body

Fat body tissue was incubated in Grace’s insect
medium to determine the synthetic site of
lipophorin. The supernatant showed the positive
reaction with anti-lipophorin, indicating that fat
body produces lipophorin into medium (Fig. 6).
Also, electrophorogram showed that apo-Lpl and
apo-Lpll bands appeared on SDS gel (Fig. 7).

Quantitative change of lipophorin during development
Hemolymph was collected from 3rd, 4th, 5th
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Fig. 8. Rocket immunoelectrophoretic patterns of
hemolymph reacted with anti-Lp during developmental
stages. L3 : 3rd instar larvae, 1.4 : 4th instar larvae, L5:
5th instar larvae, LL : the last instar larvae, P1 : 1-day old
pupae, P3:3-day old pupae, P5:5-day old pupae.

Fig. 9. Double diffusion precipitation on Ouchterlony
plate. A:anti-Lp of L. dispar, L : hemolymph of L. dis-
par, G : hemolymph of G. mellonella, H : hemolymph of
H. cunea.

and last instar larvae and 1, 3, 5 day old pupae
and each hemolymph used for rocket immunoel-
ectrophoresis. As shown in Fig. 8, lipophorin
showed a gradual decrease during larval and pup-
al stages.

Immunological relationship with hemolymph proteins
of other species

Immunodiffusion was conducted to determine
the immunological relationship between lipophor-
in of Lymantria dispar and hemolymph proteins of
Hyphantria cunea and Galleria mellonella. Anti-

Isolation and Characterization of Lipophorin

lipophorin showed positive reactions with the
hemolymph proteins of Hyphantria cunea and
Galleria mellonella, indicating that these hemolym-
ph have protein immunologically related to the
lipophorin of Lymantria dispar (Fig. 9).

Discussion

Insect lipophorin is a conjugated protein con-
taining lipids, carotenoids, sterols and hydrocar-
bon, and also functions to carry orgainc materials
between storage organ and other organs which
need them.

In most cases lipophorin is composed of two
subunits, apo-Lpl (M. W = 230,000} and apo-L- pli
(M. W. = 80,000) but when
lipid requirement is drastically increased during
long distance flight, lipophorin is transformed into
low density lipophorin containing high amount of
diacylglycerol. In Locusta migratoria. lipophorin is
transformed into low density conjugated protein
by attachment of small protein molecule called
protein C (Van der Horst et al., 1984, 1987)
whereas in Manduca sexta apo-Lplll attached
(Wells et al., 1985; Haunerland and Bower, 1986).
This process was reported to be controlled by
AKH (adipo-kinetic hormone)(Van der Horst et
al.,, 1979, 1984, 1987, Orchard and Lange, 1983;
Van Heusden et al., 1984).

In the present work with Lymantria dispar, pro-
tein part of lipophorin is made up of two subunits,
apo-Lpl (230,000) and apo-Lpll (49,000).
Molecular weight of apo-Lpl is similar to those of
other species but molecular weight of apo-Lpll is
different from those of other species. In most
cases apo-proteins of lipophorin was reported to
contain oligosaccharide (Nagao et al., 1987).
Based on the positive reaction with PAS,
lipophorin of Lymantria dispar contains oligosac-
charide. Also, electrophoretic pattern of purified
lipophorin showed two bands on the gel. When
either band was sliced, elutioned and elec-
trophoresed, they showed identical electrophoretic
pattern. This fact indicates that upper band is pro-
duct of aggregation formed through lipophorin
purification. Similar result was obtained from
Locust lipophorin (Chino et al., 1987).

in several insects
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Quantitative change of lipophorin during de-
velopment was not much investigated but in Mus-
ca domestica lipophorin showed gradual increase
during larval and pupal stages and then decrease
during adult stage (de Bianchi et al., 1987). This
pattern was quite different from that of Lymantria
dispar in which lipophorin showed gradual de-
crease during larval and pupal stages.

Also, immunological relationship of lipophorins
among different species has been reported but
some general principle was not attained. In the
present work with Lymantria dispar, anti-lipopho-
rin of Lymantria dispar showed partially positive
reactions with hemolymph of Hyphantria cunea
and Galleria mellonella. This resuit indicates that
some partial identity in structure is present be-
tween lipophorin of Lymantria dispar and
hemolymph proteins (probably lipophorin) of
Hyphantria cunea and Galleria mellonella.
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