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SUMMARY

In Kenya the most important and prevalent pests that
attack maize and sorghum are the stalk-borers. There are
three species of the stalk borer in Kenya namely, Chilo

partellus, Sesamia calamistes and Busseola fusca. B. fusca

which thrives in high altitude areas with cool climate,

poses the greatest threat to the crops.

Lipophorin acts as a reusable shuttle in the
transportation of a variety of lipid classes from sites of
storage, absorption and synthesis to sites of utilization
(Chino, 1985). Lipids play a vital role in insect
development as components of cell membranes and cuticle,
source of metabolic energy and as hormones and pheromones.
Interference with lipid transport would therefore be fatal
to the insects. Studies of lipophorins thus hold potential
for selective control of destructive insect pests. In this
study, lipophorin, the principal haemolymph lipoprotein in
most insects, was isolated and characterized from B. fusca

larvae.

density gradient ultracentrifugation. The apoproteins were
isolated by electroellution following SDS-PAGE. The
isolated lipophorin (M,.~700,000) was a high density
lipoprotein (density = 1.13 g/ml), composed of 46% 1lipid,
50% protein and 4% carbohydrate. Analysis by SDS-PAGE

revealed that it consisted of two apoproteins, apoLp-I
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(My."210,000) and apoLp-II (M, "78,000), which were present in
a molar ratio of 1:2 (apoLp-I: apoLp-II) in the intact
lipophorin molecule. Both apoproteins were glycosylated and
lipidated as shown by PAS and Sudan Black staining,
respectively. The presence of high mannose containing
oligosaccharide chains was demonstrated by the binding of
lipophorin to concanavalin A-Sepharose column. Studies on
the lipid moeity of B. fusca lipophorin indicated

predominance of phospholipids and diacylglycerol.

Amino acid composition analysis of lipophorin showed
predominance of glutamate (9%), aspartate (13%) and glycine

(9%). Methionine was only present in trace amounts.

Structural organization of the apoproteins was
investigated by limited trypsin digestion and immunological
studies. Limited trypsin digestion of the isolated
lipophorin showed that apolLp-I was more susceptible to
cleavage than apolLp-II, suggesting an interior location of
apoLp-II .By immunoblotting,both apoproteins were shown to
be immunoreactive towards antibodies to the isolated
lipophorin .However,double radial immunodiffusion of the
apoprotein against the antisera only showed precipitin line
with apolp-I. Thus in the intact lipophorin,apolLp-I is more
exposed to the aqueos haemolymph enviroment than apoLp-II.

An investigation was carried out to determine whether
there was immunological cross-reactivity between lipophorins

from Eldana saccharina, Glossina mortisan, Locusta
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migratoria, Galleria mellonella and Chilo partellus with

antibodies to B. fusca and M. sexta lipophorins. Using
double radial immunodiffusion, it was shown that lipophorins
from E. saccharina, G. mellonella and C. partellus cross-
reacted with both antisera. Immunoblotting with anti B.
fusca lipophorin showed the same cross-reactivity. The

results suggested that lipophorins from insects of the same

order share antigenic determinants predominantly on apoLp-I.



CHAPTER 1

INTRODUCTION AND LITERATURE REVIEW:

1.1 INSECT GROWTH _AND DEVELOPMENT

The growth of insect larvae is restricted by the
cuticle which can only allow limited expansion. Growth is
therefore punctuated by a series of moults. The number of
moults which occur is variable but is generally less in more
advanced insects (Chapman, 1971). The last larval instar of
most insects undergo metamorphosis, a process in which
changes in the internal as well as external parts of the
body accompany the transition from the last larval instar to
adult (Wigglesworth, 1972; Chapman, 1971). 1In those insects
with incomplete metamorphosis (hemimetabolous),the process
occurs in one step with the last larval stage transforming
directly into the adult. In insects with complete
metamorphosis (holometabolous), the changes during
metamorphosis are more extensive and a pupal stage is
interposed between the last larval stage and the adult

(Chapman, 1971; wigglesworth, 1972).

The cyclic process of growth and moulting is brought
about by prothoracicotropic hormone (PTTH) and prohormone,
ecdysone. Secretion of PTTH stimulates the prothoracic
glands to secrete prohormone, ecdysone, which is then
converted to the moulting hormone (p-ecdysone). The

moulting process is initiated by P-ecdysone acting on the



epithelial cells. The type of moulting is determined by the
amount of juvenile hormone secreted by the corpora allata.
Thus high juvenile hormone titers dictates the larval-larval
moult whereas low titers, larval-pupal moults. The pupal to
adult metamorphosis occurs in the absence of juvenile

hormone (Gilbert et al, 1980; Riddiford and Truman, 1978).

1.2 THE_LIFE CYCLE OF BUSSEOLA FUSCA

B. fusca is a holometabolous lepidoptera with a life
cycle lasting upto sixty six days during rainy season and as
long as 200 days during the dry season (Ingram, 1958). The
last generation of the insect on crops (maize or sorghum)
survive on stalks and stubbles after harvest as a mature
diapausing larva. The diapausing stage lasts upto the onset
of the rains and subsequent cropping season (Harris, 1962).
In Mbita, Western Kenya, where there is only one crop of
sorghum a year during the long rainy season (March -

which lasted upto 10 months (Oloo, 1985).

Post embryonic development in B. fusca maintained in
the laboratory on sorghum stems lasted 40.8 days. The
development, was completed without intervening larval
diapause (Unnithan, 1987). It was concluded that
facultative diapause in B. fusca could be prevented if larva
were fed on young plants. Smithers, 1959 also reported that
it was possible to rear B. fusca continously on fresh green

maize plants. Eclosion of the laboratory maintained B.



fusca (Unnithan, 1987) was followed immediately with mating
and oviposition. The overall mean fecundity and egg
fertility of these moths were 723 and 84%, respectively.
Male and female moths survived for an average of 8.7 and 6.8
days, respectively. It was also observed that feeding the
moths with sucrose, in addition to distilled water,
shortened the preoviposition and oviposition periods

slightly but their fecundity was not affected.

1.3 LIPID TRANSPORT IN INSECTS

Insect lipids function as components of cell membranes
and as important sources of metabolic energy for cell
maintenence, flight, reproduction, embryogenesis and
metamorphosis. They also serve communication roles as
pheromones and kairomones, regulatory roles as hormones and
protective roles as cuticular lipids (Jackson and Arnold,
1977; Downer, 1978). Lipid transport from sites of storage
and absorption to sites of utilization, is therefore a

crucial process for the survival of insects.

Studies on insect lipid transport was initiated on
locusts by Tietz, 1962. She observed that acylglycerol was
released from the fat body into the haemolymph. Chino and

Gilbert, 1964; 1965 demonstrated in Locusta migratoria,

Hyalophora cecropia and Periplaneta americana that fatty

acids were transported from the fat body in the form of
diacylglycerol, associated with a specific lipoprotein.

Many investigators also later confirmed that diacylglycerol



may serve to transport fatty acids from sites of storage and
absorption to sites of utilization in almost all insects
(Tietz, 1967; Gilbert and Chino, 1974; Chino and Downer,

1979; Thomas, 1979).

cecropia (Chino et al, 1969; Thomas and Gilbert, 1968). 1In

vitro studies by Chino et al, 1969, showed that the purified
lipoprotein had the capacity to take up diacylglycerol from
fat body, hence the original term, diacylglycerol-carrying
lipoprotein. Other terms have been used to describe the
lipoprotein: high density lipoprotein (Thomas and Gilbert,
1968), lipoprotein-I (Gilbert and Chino, 1974; Gellisen and
Emmerich, 1980; Chinzei et al, 1981), diacylglyceride-
transporting lipoprotein (Mwangi and Goldsworthy, 1977; Van
Der Horst et al, 1979), diglyceride binding lipoprotein
(Gellissen and Emmerich, 1980). Chino and Kitazawa, 1981
demonstrated that the lipoprotein was involved in the
transportation of several other polar and non-polar lipids.
The multiplicity of functions therefore rendered the terms
for the lipoprotein, inadequate. Chino et al, 1981 proposed
the term "lipophorin" (from Greek, lipos, fat; phoros,

bearing), as a more appropriate generic term for the

lipoprotein.
1.4 INSECT HAEMOLYMPH LIPOPROTEINS

Several very high density lipoproteins (VHDL) have been

purified by differential density gradient



ultracentrifugation (Haunerland et al, 1987). The most
studied VHDL's are vitellogenins and vitellins (Beenakkers
et al 1986; Hagedorn and Kunkel, 1979), which are female-
specific proteins. Vitellogenins which are synthesized in

the fat body. are the precursors of the egg yolk protein

vitellins (Engelmann, 1979).

Vitellogenins from most insects are high molecular

weight proteins that contain lipids (7-16%) and

carbohydrates (1-14%) (Engelman, 1979). Manduca sexta

vitellogenin (M,."500,000) has two apoproteins:
apovitellogenin-I (M,."180,000) and apovitellogenin-II

(M,."45,000). It is composed of 13% lipids, 84% protein and

3% carbohydrate (Osir et al, 1986). One of the functions of
vitellogenin is to transport lipids from the fat body to the

oocyte (Chino et al, 1977).

A larval stage specific VHDL, arylphorin, has been
identified in the haemolymph of several insect orders (Munn

et al, 1971; Wolf et al, 1971; Tojo et al, 1980; Kramer et

al, 1980; Telfer et al, 1983). Arylphorins are usually

——

associated with (2-5%) lipid and are characterized by a

hexameric structure plus an unusually high content of

aromatic amino acids (Riddiford and Law, 1983).
e larval instars and utilized

Arylphorins

are synthesized during th
mainly during adult development (Riddiford and Law, 1983).
It is thought that arylphorins are degraded in the fat body

to supply amino acids for the construction of adult tissues



and exoskeleton (Ogawa and Tojo, 1981; Roberts and Brock,
1981). Xenobiotics and ecdysteroids also appear to be bound
by arylphorin (Enderle et al, 1984; Haunerland and Bowers,

1986 a).

Another larval specific VHDL (density = 1.26 g/ml)
chromoprotein (M,.”"560,000) has been isolated from Heliothis
zea (Haunderland and Bowers, 1986). It consists of four
identical subunits (M,."150,000) and 8% lipid composition.
The protein is absent during early larval, pupal and adult
stages. It is, however, the major haemolymph protein during
the 5th larval instar. A similar type of protein has been
isolated from the larval honey bees (Shipman et al, 1987).
The role of the protein in lipid transport is as yet

unknown.

A diapause induced lipoprotein (density = 1.29 g/ml)
has been isolated by Osir et al, (personal communication),

from B. fusca diapausing larvae. The protein which appears
in the haemolymph prior to the onset of diapause has two

Subunits of molecular weights, 88,000 and 79,000. The high
aromatic amino acid composition of the protein, suggests a

storage role.

Lipid transfer protein (LTP) of density = 1.23 g/ml has
also been purified from M. sexta (Haunerland, et al 1987;
Ryan et al 1986). Lipid transfer protein is composed of two
apoproteins (M,.~320,000 and M,."85,000). The lipids

constitute approximately 13.8% of the total weight. It has



been suggested that LTP participates in the distribution of
lipids between haemolymph lipoproteins or between membranes

and lipoproteins (Ryan et al 1987).

Lipophorins are the principal lipoproteins in the
haemolymph of insects at all stages of development (Chino et
al, 1981). They exist in various interconvertable forms,
from high to low density forms (Ryan et al, 1987).

Lipophorins are involved in various lipid transport

processes where they function as reusable shuttles (Chino

Chino, 1985).

1.5 INSECT LIPOPHORINS

Most insects have lipophorin as the major haemolymph
lipoprotein during all stages of their development (Chino et
al, 1981). Lipophorin isolation and characterization has

been accomplished on a number of insects including M. sexta

et al, 1984;

Pattnaik et al, 1979; Apis mellifera (Robbs et al, 1985); L.

migratoria, H. cecropia, P. americana (Chino et al, 1981;

melanogaster (Fernando-Warnakulasuriya and Wells, 1988).

Ryan et al, 1984, also isolated lipophorins from eight

insect species representing seven insect orders .



1.5.1 Composition of lipophorin

All lipophorins so far examined consist of two
apoproteins, apolipophorin-I (apoLp-I) with molecular weight
(M;."250,000) and apolipophorin-II (apoLp-II) (M, ~80,000)
(Ryan et al, 1984; Chino, 1985; Shapiro et al, 1988). The

diacylglycerols (Shapiro et al 1988; Chino, 1985). The
Presence of covalently bound carbohydrate has also been
demonstrated in lipophorins from several insects (Ryan et

al, 1984).

A third apoprotein, apolipophorin-III (apoLp-III) of
M,~ 18,000 - 20,000, appears to associate reversibly with
lipophorin of certain insects (Van Der Horst et al, 1984;
Van Der Horst et al, 1981; Wheeler and Goldsworthy, 1983,
1983 a)., ApoLp-III has been purified from M. sexta (Kawooya

et al, 1984), Thasus acutangulatus (Wells et al, 1985), L.

very low concentrations in the larval haemolymph but
abundant in mature adults (Kawooya et al, 1984; Wheeler and
Goldsworthy, 1983). Ryan et al, 1984 has speculated that

apoLp-III is present only in insect species which utilize

lipid as fuel for flight.

1.5.2 Interconversion of lipophorin forms



Studies on lipophorin from M. sexta indicate that there
are stage specific forms of lipophorin (Ryan and Law, 1984:
Prasad et al, 1986; Ryan et al, 1986). The various forms
have been attributed to changes in metabolic requirements
which may necessitate changes in lipophorin function and

composition.

During the period of larval-pupal metamorphosis of M.
sexta, four forms of lipophorin appear in the haemolymph at
different times. The four forms are all of high density
(HDLp) with identical apoproteins, apolLp-I (M,."245,000) and
apoLp-IT (Mr'78,000) but varied lipid content. The larval
lipophorin (HDLp-L) has a density of 1.15 g/ml and is
composed of 37% lipid. 1In contrast to HDLp-L, the adult
form of lipophorin (HDLp-A) has a lower density (1.08 g/ml)
and a higher lipid content (51%). HDLp-A is also associated
With a third apoprotein (apoLp-III) (M,"17,000) (shapiro and
Law, 1983; Kawooya et al, 1984; Ryan et al, 1986). 1In the
resting state HDLp-A contain apoLp-I, apoLp-II and apoLp-III
in the ratio 1:1:2 (KRawooya et al, 1984; Shapiro et al
1984). HDLp-A conversion to a low density lipophorin (LDLp)
occurs during prolonged flight or stimulation with

adipokinetic hormone (AKH) (Shapiro and Law, 1983). LDLp

(density = 1.03 g/ml) has a higher lipid: protein ratio and

is associated with more apoLp-III than HDLp-A.
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Egg specific very high density lipophorin (VDHLp-E;
M,."414,000, 4 = 1.238 g/ml) has been isolated from the egg

of M. sexta. VHDLp-E which is derived from HDLp-A consists

of 80% protein and 20% lipid (Kawooya et al, 1988), The
HDLp-A is selectively taken up by the follicles then
converted to VHDLp-E. The conversion has been shown to
involve stripping off of most lipids from HDLp-A and
conversion of diacylglycerols to triacylglycerols. 1In
addition, the two molecules of apoLp-III of HDLp-A are
dissociated from the particle. Consequently HDLp-A
decreases in size as the density is increased resulting into

VHDLp-E (Rawooya et al, 1988; Kawooya and Law, 1988).

In vivo studies by injection of radiolabelled forms of

lipophorin into M. sexta has demonstrated that all forms of

lipophorin are interconvertable (Ryan et al, 1986). 1In
vitro studies with radiolabelled lipophorins however.

indicated the presence of an essential 1ipid transfer

component in the haemolymph. The 1ipid transfer factor

(LTP) which is capable of catalysing net lipid transfer

between lipophorin particles, has been shown to be the

essential component. (Ryall == =
1.5.3 StrugpgxglwgpganizaﬁiggHqﬁmlipgphgrip

Evidence from electron microscopy shows that

lipophorins are spherical particles (chino et al, 1986;

1987; pattnaik et al, 1979; Chino and Kitazawa, 1981). The
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core of lipophorins is composed of hydrocarbons whereas the
surface has phospholipids (Ratagiri, 1985; Katagiri et al,
1986). 1In M. sexta, both HDLp and LDLp have diacylglycerol
and phospholipids on the surface layer. The core on the
other hand is made up of hydrocarbons, triacylglycerol,
cholesterol and diacycylglycerol. 1In L. migratoria, the
core of HDLp is made up entirely of hydrocarbons and

triacylglycerol, unlike LDLp which has a significant amount

of diacylglycerol in the core (Shapiro et al, 1988).

The apoproteins of lipophorins seems to be organized
such that apoLp-I is more exposed to aqueous haemolymph
environment than apoLp-II. Evidence for this has come from
limited trypsin digestion, iodination and immunological
studies (Mundal et al, 1980; Pattnaik, et al, 1979; Shapiro

et al, 1984; Robbs et al, 1985; Kashiwazaki and Ikai, 1985).

These results have been confirmed by immunoblotting with

monoclonal antibodies to the apoproteins (Van Der Horst et

al, 1987).

Ryan et al. 1984 have shown that apolLp-II has a

conserved structure over a wide range of insect orders.

Thus antibodies to M. seXte

apoLp-II's from eight insect species representing seven

insect orders. At variance with this observation is a

report by Van der Horst et al, 1987 in which no cross

Teactivity was observed between monoclonal antibodies to L.
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Leptinotarsa decemlineata and Deilephila elpenor.

1.5.4 Biosynthesis of lipophorin

Biosynthesis of lipophorin occurs in the fat body
Tietz et al, 1973; Thomas, 1972). The process involved in

the biosynthesis has been studied in details only in the

larvae, showed that a nascent VHDLp particle that contained
apoLp-I, apolLp-II and phospholipids, but very little
diacylglycerol was secreted into the medium (Prasad et al,
1986). The maturation of the nascent VHDLp was shown to

involve the uptake of diacylglycerol derived from the

the medium a nascent lipophorin similar in density and lipid
Composition to the circulating lipophorin (Venkatesh and

Chipperndale, 1986; Venkatesh et al, 1987). The difference

gdrandiosella has to use fat body lipid for fuel (Turunen and

Chipperndale, 1981).

The biosynthesis of lipophorin during the larval
development of M. sexta takes place only during the feeding

Periods, from the beginning of the fourth instar to pupation

(Prasad et al, 1987; Tsuchida et al, 1987).



SCHEME 1: ) ) ) )
Biosynthesis of lipophorin in M

(Shapiro et al, i988)

- Ssxta larvae
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HDLp-A of M. sexta contains two molecules of apoLp-III
in addition to one each of apoLp-I and apoLp-II (Rawooya et
al, 1984; Shapiro and Law 1983; Wells et al, 1987). The two
molecules of apoLp-III are intimately intergrated into the
structure of HDLp-A, as they do not exchange with free
apoLp-III (Wells et al, 1987). It has been suggested that
pupal lipophorin is replaced late in development by a newly
synthesized lipophorin containing apoLp-III (Wells et al.

1987). The mechanism by which this occurs is unknown at the

Present time.

In both L. migratoria and M. sexta, apoLp-III is found

in low levels in the larval haemolymph. The rate of

synthesis increases after adult ecdysis (Kanost et al, 1987;

Kawooya et al, 1984). It is not clear what determines

whether or not a newly synthesized apoLp-III gets

incorporated into the adult lipophorin or secreted into the

haemolymph.

1.6 PHYSIOLOGICAL ROLE OF LIPOPHORIN

Lipophorins function as reusable shuttles in a variety

of 1ipid transport processes without being degraded or taken

up {Chino, 1985; Downer and Chino, 1985). They transport

digested fat from the gut to the peripheral tissues or to

and from the storage sites. Lipophorins also function in

the distripution of hydrocarbons, cholesterol and

carotenoids (Chino, 1985; Ratase and Chino, 1982; 1984).

Lipophorin has also been implicated in the distribution of
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hydrophobic xenobiotics (Winter et al, 1975; Skalsky and
Guthrie, 1875). The binding of lipophorin to insecticides
has also been reported (Haunerland and Bowers. 1986). The
in vitro studies also implicated arylphorin, as being
involved in the binding of insecticides. As yet, there is

no evidence that the binding of haemolymph proteins to

Xenobiotics or insecticides enhances their intoxication or

detoxication (Haunerland and Bowers., 1986 a).

Kawooya and Law. 1988, have demonstrated by in vitro

studies that HDLp-A of M. sexta is not recycled back into

the haemolymph after ijnternalization b¥ the follicles. Thus

lipophorin does not seem to function as a reusable shuttle

between the fat bod¥ and the ovary.

l.6.1 Lipgpngg;awmigghgligmmgg;iggmiliggg

The onset of fli in L. migratoria is preceeded by

release of ARKH from the corpus cardiacum. The release of

the hormone leads to the nobilization of lipids from the fat

body leading to the release of diacylglycerol from
triacylglycerol, via @ second messenger cAMP (Wheeler and

Goldsworthy, 1983, 1983 a; Van Der Horst et al, 1981; 1984;

1985; van Heusden et al. 1984) . shapiro et ai: 1988 has

Proposed that the released diacylglycerol accumulate in the
Plasma membrane ©f the fat pody cells and then moves via

£luid phase 4iffusion jnto HDLP- The involvement of LTP in

the transfer has been proposed (Ryan et 2l 1986; 1986a).
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The loading of diacylglycerol onto HDLp-A results into
a larger but a less denser lipoprotein (LDLp). Concomitant
With diacylglycerol loading is an association of several
molecules of apoLp-III with diacylglycerol rich particle
(Mwangi and Goldsworthy, 1977; 1981; Van Der Horst et al,
1981; 1979; Wheeler and Goldsworthy, 1983, 1983a). Physical
and surface properties of apoLp-III suggest that it is well
Suited to stabilize the diacylglycerol rich particle
(Rawooya et al, 1986). ApoLp-III has also been proposed as
a4 possible recognition signal or activator of the flight

Mmuscle lipoprotein lipase (Van Der Horst et al, 1987).

At the flight muscle, diacyglycerol is released from
LDLp particle and excess apoLp-III dissociated. The
rYesulting HDLp-A can then return to the fat body and bind
More diacyglycerol and free apoLp-III once again forming
LDLp. fThe delivery of diacylglycerol at the flight muscle
is not well understood but a lipoprotein lipase identified

in the flight muscle of L. migratoria may be involved (Van

Heusden et al, 1986; Wheeler and Goldsworthy, 1985; Wheeler

Similar events as observed in L. migratoria, have been

Shown to take place in M. sexta, following injection of

Synthetic locust ARH into the adult moth (Shapiro and Law,

1983; Ryan and Law, 1984) (Scheme 2).



SCHEME 2:
EffeCt °f AKH °n lipid tran

<Ryan and |:§w, 1984) * adult -
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1.7 RATIONALE FOR_THE STUDY OF LIPOPHORIN FROM

B. FUSCA LARVAE

B. fusca is an economically important insect of the
order lepidoptera. It is the major stem-borer affecting
sorghum and maize (Nye, 1980). Infestations of upto 100%
during long rains and 67% during short rains has been
reported on sorghum (Unnithan and Reddy, 1985). Larwval
feeding on either maize or sorghum causes foliar damage,

stem tunnelling, pannicle and cob damage (Unnithan, 1987).

There are a wide range of both granular and dust
insecticides available for the control of B. fusca. Soil
applied insecticides such as carbofuran granules are also on
trial for control of stalk borers. However, the use of
chemical pesticides has side effects which are not
sufficiently known. Successful management of the insect
pests should be my methods which are environmentally safe
and economically feasible for subsistence farming conditions
in developing countries. Efforts towards such an end has
been focussed mainly on the development of crops resistant
to infestation and the use of biological control methods. -
Parasitoids that infest stem borers of sorghum and maize

have been identified (Oloo, 1985). The possible use of such

parasitoids in biological control of the insect pests is yet

to be established.
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Basic research in biochemistry, physiology and ecology
of the insect pests are vital for successful pest
management. Through such studies, it is possible to
identify unique features of the insects, that can be

selectively exploited for the control of the pests.

Lipids play a vital role in insect development as
components of cell membranes, and cuticles, source of
metabolic energy and as hormones and pheromones.
Interference with lipids transport would therefore be fatal
to the insects. Lipophorin, the major haemolymph
lipoprotein in most. insects is involved in a variety of
lipid transport processes. Interference with the synthesis
or structure and hence the physiological role of lipophorin
would thus be lethal to the insect pests. Selective
management is feasible through such approach as the
mammalian lipoproteins involved in the transportation of
lipids and xenobiotics, differ in composition and possibly
mechanism of action from insect lipophorins (Newshome and
Leech, 1984; Shapiro et al, 1988; Fredrickson, 1973).
Unlike the insect lipophorins in which the different forms
four distinct forms of mammalian

are interconvertable,

lipoproteins are known. Whereas insect lipophorins function

as reusable shuttles (Prasad et al. 1988; Ryan and Law,
1984; Ryan et al, 1986), mammalian lipoproteins are only

loaded once as some are taken up by cells and subsequently

degraded (Brown and Goldstein, 1986). Lipophorin does not
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Seem to be degraded even when internalized by the follicles

(Shapiro and Law, 1988).

To evaluate lipophorin as a possible control target, it
is of paramount importance to undertake a study of
lipophorins from economically important insects such as B.
fusca. Understanding the basic structure is important for

the ellucidation of mechanisms involved in lipid transport.

1.8 AIMS OF THE STUDY

The aim of the present study was to;
1. Isolate lipophorin from B. fusca larvae

2. Characterize the isolated lipophorin both

chemically and physically.

3. Test for immunological cross- reactivity between

lipophorins from other economically important
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MATERIALS AND METHODS

2.1 CHEMICALS

The laboratory chemicals used in all experiments were
obtained from BDH, England, Sigma Chemical Co., England,

Pierce Chemical Co., Rockford or Bio-Rad, Richmond.

2.2 INSECTS

The International Centre of Insect Physiology and Ecology
(ICIPE), Mbita Point Field Station. The larva were
initially obtained from sorghum and maize farms in the
farmers fields around the Centre and reared on sorghum

Adult Glossina mortisan (Diptera) and

Stalks before use.

larval forms of Chilo

mellonella (Lepidoptera) and Eldana sa
E, Nairobi. Adult L. migratoria

were obtained from ICIP

(Orthoptera) were obtained from Zoology Department,

University of Nairobi.

2.3 Hagmghxmagwggghgwngu

Chilled insects were bled through an incision in the

The haemolymph was collected
i1ine (PBS)[{(0.1 M sodium phosphate,

Proleg. into 1ice-cold

Phosphate buffered sa

0.15 M NaCl, pH 7.0)1 containing 50 mM glutathione, 1.0 mM




diisopropylphosphofluoridate, 2 mM aprotinin and 5 mM
phenylmethyl- sulphonyl fluoride. A few crystals of

pPhenylthiourea were added to the bleeding solution to
brevent melanization. For every 1.0 ml of haemolymph

collected, 100 pl of the bleeding solution was used.
2.4 LIPOPHORIN PURIFICATION

The purification involved a single step density
gradient ultracentrifugation (Shapiro et al, 1984;
Haunerland and Bowers, 1986). Haemolymph sample was mixed
with KBr to a final concentration of 44% KBr in PBS, and a
final volume of 20 ml. After transfer to a 39 ml Quick Seal
centrifuge tube (Beckman), the sample was overlayed with
either 0.9% NaCl (Shapiro et al, 1984) or 33% KBr
(Haunerland and Bowers, 1986). The sealed tubes were
centrifuged (50,000 rpm, 4 h, 4°C), in a VTi S0 vertical

rotor using Beckman model L8-70 ultracentrifuge.

The tube overlayed with 0.9% NaCl was fractionated into
1.0 ml fractions after centrifugation. The fractions were
used to estimate the protein content (Bradford, 1976) using
Beckman DU-50 spectrophotometer and refractive indices using
a refractometer (Bellingham Stanley Ltd). Densities of the
fractions were computed from the relationship density =

6.4786 RT - 7.6430, (where RI is the refractive index at

250¢c) .

22
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Aliquots (100 Pl) of each fraction was dialysed against
three changes of PBS, and then analysed by SDS-PAGE.
Fractions containing the lipophorin vYellow band were
subsequently pooled. Purity of lipophorin was ascertained

by SDS-PAGE and non-denaturing-PAGE.

Centrifugation with 33% KBr as the overlaying solution,
floated lipophorin at the top of the centrifuge tube. In

this case, lipophorin was directly pippeted out.

A sample of the isolated lipophorin was recentrifuged
(50,000 rpm, 4 h, 4°C) in a 5ml Quick Seal centrifuge tube
(Beckman), with 0.9% NaCl as the overlgying solution
(Shapiro et al, 1984). The sample was extensively dialysed
against PBS then mixed with KBr to a final concentration and
volume of 44% KBr and 2.5 ml respectively in PBS. After the

centrifugation, fractions (200 pl) were collected from the

centrifuge tube and protein content and refractive index

determined. -

2.5 PROTEIN ESTIMATION

Protein estimation was carried out by either the
Bradford method (Bradford, 1976) or BCA protein assay method
Lipophorin samples for the protein

(Pierce, Co.).

estimation were initially dialysed against three changes of

PBS to remove KBr. Other protein samples were directly used

for the assays. Bovine serum albumin (BSA) was used as the

Protein standard.
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2.5 POLYACRYLAMIDE GEL ELECTROPHORESIS (PAGE)

Sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) was performed as described by
Laemmli, 1970. The gradient gels, 4-15%, were cast using
gradient maker (BRL). Lipophorin samples were extensively
dialysed against PBS prior to the electrophoresis. Samples
were dissolved in an equal volume of sample buffer (0.13 M
Tris-HCl, 20% glycerol, 0.002% bromophenol blue, 4% SDS, 1%
P-mercaptoethanol, pH. 6.8) and boiled for three minutes in

a water bath, prior to application on to the gel.

Electrophoresis was carried out at a constant current of 30

mA at room temperature.

Non-denaturing PAGE was carried out on gradient gels

(4-15%) at 4°C with a constant 60V for 20 h. Samples for

the electrophoresis were dissolved in an equal volume of
non-denaturing sample buffer (0.13M Tris-Hcl, 20% glycerol,

0.002% bromophenol blue} before application on to the gel.

After electrophoresis, the gels were stained for
Proteins with 0.6% Coomassie Brilliant Blue in a solution of

acetic acid, methanol and distilled water (in ratios of

9.2:50:40.8, respectively) overnight. The gels were then

treated with several changes of destaining solution (acetic

acid, methanol, distilled water; 9.2:50:40.8) for 12 - 15 h

at room temperature. Destained gels were storaed in 7%
[

acetic acid until photographed using Kodak, Panatomic-X

filns.



25

2.7 MOLECULAR WEIGHTS DETERMINATION

SDS-PAGE was used to determine the molecular weights of
the apoproteins using protein standards from Bio-Rad. The
protein standards used were: phosphorylase b (M,." 97,400},
BsSa (Mr‘66,200), ovalbumin (Mr'42,699), Bovine carbonic
anhydrase (M,"31,000), trypsin inhibitor (M,"21,500),
lysozyme (Mr'116,000) and myosin (Mr‘200,000). The native
molecular weight of lipophorin was also estimated by non-
denaturing - PAGE using high molecular weights standards
from Pharmacia:; (thyroglobulin, (Mr”669,000); ferritin
(M,.~440,000) ; catalase (Mr‘232,000); lactate dehydrogenase -
(M,."140,000) and BSA (M,."67,000). After staining the gels
Wwith Coomassie Brilliant Blue and destaining the molecular

weights were determined from plots of log molecular weight

versus relative migration of the standards.

The molecular weight of the native lipophorin was also

estimated by gel permeation chromatography on a Bio-Gel

A.I.5 m column (2.5 x 90 cm). The column was initially

equilibrated with PBS. then calibrated with the following

standards from Bio—-Rad: thyroglobulin (Mr670,000) globulin

(M,,~158,000) . ovalbumin (Mr”45,000) and myoglobulin

- ion was done with PBS and the eluate
(Mr 17,000) . Elutio

monitored at 280 nm to determine +he elution wvolumes of the

standards as well as 1ipophorin. Blue dextran was used .to

determine the void volume. The molecular weight of

lipophorin was estimated from the plot of elution
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volume/void volume versus log molecular weights of the

standards.
2.8 ISOELECTROFOCUSSING

Isoelectrofocussing was performed on PhastGel IEF (3-9)
using the Phast system (Pharmacia). Calibration was done
using broad calibration kit, (pI range 3.50 - 9.30). The
Pharmalyte carrier ampholytes in the Phast IEF media were
prefocussed to generate a stable linear pH gradient. The
lipophorin sample and the calibration sample were then
applied and focussed using instructions supplied by
manufacturer. The gel was automatically stained with Phast
Gel Blue R and destained in the development unit of the
The pI value for lipophorin was obtained from

Phast system.
a plot of pI of the standards versus the distance moved from

cathode.

AMINO ACID_COMPOSITION ANALYSIS

Lipophorin sample for amino acid analysis was dialysed

against three changes of PBS, then lyophilized. The

lyophilized sample (2.0 mg) was used to determine the amino

acid composition on a Spinco analyser (model 120B, Beckman).

The sample was hydrolysed for 20 h at 115°C using 6 N

tal of phenol w
HC1/0.05% P—mercaptoethanol. A crysta o) as added

before the acid hydrolysis. Serine level was increased by

10% and threonine by 5% to compensate for acid destruction.

26
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2.10 STOICHIOMETRIC STUDIES ON_LIPOPHORIN

Stoichiometry of lipophorin apoproteins was determined
by scanning for the apoproteins following SDS-PAGE of
increasing amounts of lipophorin (2.5 pg - 100 pg). The
Proteins were stained with Coomassie Brilliant Blue prior to
the scanning using Hoefer densitometer. The ratio of the
apoproteins in a native lipophorin was estimated by

comparison of peak areas corresponding to the stained

apoproteins during the scan.

2.11 ISOLATION OF THE APOPROTEINS

The apoproteins were obtained by electroelution after

separation by SDS-PAGE. After staining and destaining a

vertical slice of the gel for protein, the gel was cut at
parts corresponding to apoLp-I and apoLp-II. The cut gel
slices were then transferred to dialysis tubings containing

25 mM Tris, 192 mM glycine buffer, pH 8.3. The apoproteins

were subsequently eluted out of the gel slices using

horizontal electrophoresis apparatus at 30 mA overnight.

The eluted samples were concentrated using polyethylene

glycol (PEG) then analysed by SDS-PAGE.

2.12 ........................................................

Lj horin was subjected to limited trypsin digestion
ipop

by incubation of 50 pg of lipop
sin:lipophorin weight ratio of 1:5, for

horin with a constant amount

of trypsin at a trypP
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a period of (0-30) min. The reaction was initiated by
addition of trypsin in PBS to lipophorin sample and stopped
by addition of SDS-PAGE sample buffer and boiling for 5 min
in a water bath (Robbs et al, 1985). Samples from various

incubation media were subsequently analysed by SDS-PAGE.

2.13 ANALYSIS OF THE LIPID MOEITY

2.13.1 Staining for lipids

Staining for lipids was done on lipophorin separated by

SDS-PAGE using Sudan black (Nayaran, 1975). Sudan black

{500 mg) was dissolved in a mixture of 20 ml acetone, 15 ml

acetic acid and 80 ml water. The supernatant obtained after

Centrifugation (500 rpm, 20 min) was used to stain the gel

Overnight. The gels were destained using acetone: acetic

acid: water (30:40:130) solution.

2:13.2 Lipid extraction

Lipids wvere extracted from lipophorin (4.0 mg) by

chloroform: methanol (3:1) according to the method of Bligh

and byer, 1959. Lipophorin sample was mixed with the

Solvent, vortexed for 10 minutes then centrifuged (10,000

rpm, 15 min) in a Sorvall rC-sC centrifuge. The organic
out and the interface re~extracted. The

Phase was pippeted
gas then Savant, SpeedVac

eXtracted 1ipid was dried under Nj
Concentrator overnight. Total lipids were determined

ravimetrically using Mettler AE 163 balance.
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2.13.3 Total phosphorous determination

Lipids extracted from lipophorin were reconstituted in

0.5 ml of chloroform; methanol (3:1), and used to determine

total phosphorous (Bartlett, 1959) . Potasium dihydrogen

phosphate was used as the standard phosphorous in the range

0.5 to 5.0 pg- samples for the assay were made upto 2.0 ml

with distilled water followed by addition of 0.5 ml of 10 N

B2S°4 . then incubation at 150°C for 3 h. The samples were

further incubated for 1.5 h at 1509C following addition of 2

drops of 30% hydrogen peroxide. After the incubations,. 4.6

ml of 0.22% ammonium molybdate and 0.2 ml of Fiske Subba Row

reagent (Sigma) was ,dded and samples poiled in water bath

for 7 min. Optical densities of the cooled samples were

Obtained at 830 nm using DU-50 spectrophotometer. The

amount of phospholipid was calculated assuming its

Phosphorous content to be 4% w/wW.

2.13.4  Thin lQIQEMQMEQEQEQQEEPQXMLXQQL

Neutral lipids were separated from the lipid extract

ram Sil G/UvV 254
A two solvent system was employed

i i t
using TLC on polyd plastic sheets precoated

With 0.25 mm Silica gel:
(skipski and
g of diethyl ether,

Barclay. 1959). The first

for the separation
benzene,ethanol

Solvent system consistin

and acetic acid (40:50:20:0.2) was used to develop the TLC
g to the top. from the point of

Sheets upto three quarter
applicatjon. The gheets were then dried and developed in a



Sécond solvent, diethyl ether: hexane (6:94) upto 0.2 cm

from the top.
To identify the various lipids separated, lipid
Standards were applied onto the sheets together with the

Samples. The 1ipid standards used included: monopalmitin,

diDalmitin, tripalmitin, cholesterol, cholestryl oleate,

oleic acid, triolein and methyl oleate (Sigma). The

detection of lipids was done by iodine vapour.

2.14 ANALYSIS OF THE_CARBOHYDRATE MOEITY

2.14.1  staining for carbohydrates

The presence of covalently bound carbohydrate was
tested by staining lipophorin separated by SDS-PAGE with

Periodic acid Schiff reagent(PAS) (Rapitany and Zebrowski,

1973). Prior to the staining, the electrophoregram was

fixeq in 12.5% trichloroacetic acid for 1 h followed by

immersion in 1% periodic acid for 2 h. The gel was

destaineq with 7 % acetic acid.

Determination of carbohydrate content

2.14.2

te in lipophorin was determined

Percentage carbohydra
1956). D-mannose

3Ccording to the method of Dubois et al,
Samples for the

was used as the standard carbohydrate.
Issay were made upto 0.4 ml with water and 10 pl of phenol

(2.0 gm in 0.5 m1 of distilled water) added. Concentrated

30
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32804 (1.0 ml) was then added to each of the assay mixtures

and absorbance determined at 480 nm after 30 min.

2.14.3 Affinity chromatography on concanavalin A

Con A-Sepharose column (10 x 1.0 cm) was equilibrated

With concanacalin A(Con A) buffer (0.01 M Tris, 1 mM MgCl,,

ImM cac1,, 0.15M NaCl, 0.02% NaN3, pH 7.5). After

application of sample (1.0 mg), the column was washed with

Con-A-buffer then eluted with 500 mM &-methyl-D-

Mannopyranoside in Con A buffer. Fractions (1.0 ml) were

Obtained and absorbance monitored at 280 nm.

2.15 IMMUNOLOGICAL STUDIES

2.15.1 Raising of antibedies against lipophorin

Antibodies against lipophorin were raised in Zealand
White rabbit. Lipophorin (1.0 mg) emulsified in Freund's
Complete adjuvant was injected intramascularly into the
jon of lipophorin (0.5 mg) in

Yabbit., A booster inject
was given after four weeks.

ncomplete Freund's adjuvant,
The animal was bled two weeks later through the main ear
nd at room

artery- The fresh blood was left to sta

temperature for 1 h for clot formation,

m was decanted then ce
as stored at -70°C in 0.1% sodium

then kept overnight

a ntrifuged (1000 xg,
t 4%, rhe seru g

30 min) . The supernatant w

2ide .



32

2.15.2 Qggp;ngégiglaimmggggiiiggigg

Double radial jmmunodiffusion was carried out using 1%

agarose in PBS on glass slides (Ouchterlony, 1958). A well

was punched at the centre of the glass slides and other

wells punched circumferentially around the central well. To

detect the presence of antibodies to lipophorin and the

apoproteins, the anti-serum was poured in the central well

and haemolymph, 1ipophorin and the apoproteins in the

pPeripheral wells. Haemolymph samples from L. migratoria. E.

saccharina, C. Rg;&gllus, G. morsitan and G. mellonella,

Were also poured in the peripheral wells to test for cross

reactivity with anti-B. fusca 1ipophorin and anti-M. sexta

lipophorin. The slides were placed in moist chamber at room

temperature for 24 h- The slides were then washed

e excesSs proteins, dried, stained with

extensively to remoV

Coomassie Brilliant Blue and then destained for examination.

2.15.3  Immunoblottind

The lipophorin apoproteins were tested for

tivity towards anti-B. fusca l1ipophorin by

immunological reac
immunoblotting (Towbin et al, 1979: Burnette, 1981).

Haemolymph samples from L. migratoria. G. mortisan. C.

Partellus, E sacchariga and G. mellgnella were also tested
-p. fusca 1ipophorin.

for cross reactivity with anti
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Protein samples to be tested, were separated by SDS-—

PAGE and electrophoretically transferred onto nitrocellulose

paper using a transfer puffer (20 mM Tris, 150 mM glycine,

20% methanol) at a constant voltage of 30 volts for 12 h.

Following the transfer, the nitrocellulose paper was washed

with Tris buffered saline (rBs) [20 mM Tris, 500 mM NaCl, pH

7.51, then blocked overnight with 5% fat—-less milk powder in

TBS (TBS-milk-5%)., tO plock non specific binding sites. The

blot was then jincubated with anti-B. fusca lipophorin

diluteq x200 with TBS-milk-1% overnight. The unbound

antibodies were washed off with TBS-milk-5% and TBS. Bound

tected by either horseradish peroxidase

old 1abelled protein-A (Bio-Rad).

antibodies were de

labelled goat anti-IgG or 9

Detection of bound antibodies with horseradish peroxidase

labelled goat anti-IgG. jnvolved jncubation of the blot with

the secondary antibody (@iluted x20

00 with TBS-milk-1%) for
2 h, after washingd off the unbound secondary antibodies
With TBs-milk-5% and pris-HC1 puffer (2 mM Tris, pH 6.8)

ped using 0.3% 4-chloro~1—napthol

[TB]' the colour was develo
five folds wit

e was added in aliquots (2 Pl)

in methanol (diluted h TB) and hydrogen

Peroxide. Hydrogen peroxid

our packground was obtained. Detection

Until the desired col
protein—A gold involved

°f the bound antibodies with
t with protei

he pound antibodies, the

i -A- a for 2 h.
lncubation of the blo n-A-gol

After the detectioP of t
ere rinsed with distilled water and

ns
itrocellulose papers w

k
ept between filter pape¥rs-
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CHAPTER 3

3.1 PURIFICATION OF LIPOPHORIN

The larval B. fusca lipophorin was purified by a single

Step density gradient ultracentrifugation.
Ultracentrifugation of haemolymph in a KBr gradient (1.03 -
l.39 g/ml) (Shapiro et al, 1984) floated lipophorin on the
UPber part of the tube. The lipophorin yellow band was
fractionated as a peak with a density of 1.13 g/ml) (Fig. 1
. SDS-PAGE profile (Fig. 1 b) of fractions from
ultracentrifugation confirmed the fractions containing

In the altered KBr gradient

1.
*Pophorin to be 13-21.
1ipophorin floated on top of

(Haunerland and Bowers, 1986) .
Lipophorin

*he tube ang was subsequently pippeted out.
ntrated using polyethylene

3 .
actions were pooled then conce
ion of the isolated lipophorin showed

g
lyc°1_ Recentrifugat
1.13 g/ml (Fig. 2).

a g4 )
Single protein peak of density
ed lipophorin was ascertained

The purity of the isolat
In the non-denaturing

b .
¥ SDS-pAGE and non-denaturing PAGE.

Py . . pand was observed whereas
two protein pands were observed

in
SDS~PAGE (Fig. 4 a).
pophorin consisted of two

ings ) .
dlcating that the isolated 11

G
poproteins .



Fige

£
Density gradient ultracentrifugation profile

haemolymph. Haemolymph was collected and

centrifuged as described in Materials and Method
£
Fractions (1.0 ml) were collected from the top

the tube and used to determine refractive indiceb
and protein concentration

Density (g/ml): 0- 0—oO

Protein concentration:

S O &



Protein concentration (mg/ml)

(jw/B) Ausuaq



Fig 1b

SDS-PAGE of density gradient fractions 100 pl of
the fractions obtained after the
ultracentrifugation of haemolymph was dialysed
against PBS and 20 pl applied for SDS~PAGE.

Numbers on top indicate mls from the top of the

centrifuge tube.
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. . 3 - \a&e
1, Pharmacia high molecular weight standards,

Non-denaturing-PAGE of isolated Iipophorfh-

2, isolated lipophorin (20 jig) .

# 1L
Standard curve of log molecular weight agains

relative mobility on (4-15%) non-denaturing

polyacrylamide gel.
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Fig.

Fig.

4a

4b

SDS-PAGE of haemolymph and isolated lipophorin\\

!

Lane 1, Bio-Rad low moleculld

Samples were subjected to electrophoresis on a
15% gradient gels.
weight standards; Lane 2, Isolated lipophorin (L
Hg): lane 3, B. fusca haemolymph (20 pg); Lane A

F.
Bio-Rad high molecular weight standards. »
|

Standard curve of log molecular weight against

relative mobility on 4-15% SDS-PAGE polyacrylami?
gel.

i
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3.2 PROPERTIES AND COMPOSITION OF LIPOPHORIN

The native molecular weight of lipophorin was estimated

{
)
bY both gel permeation chromatography and non-denaturing

PAGE- Gel permeation chromatography on Bio-Gel A.I.5 m

célumn gave an estimate of Mr'525,000 (Fig. 5). Non-

denaturing PAGE on the other hand, gave molecular weight

estimate of M,~700,000 (Fig. 3b). Gel permeation

chromatography has however been observed to give low

molecular weight estimates for some insect proteins (Telfer

et al, 1983). Thus the non-denaturing PAGE estimate is more

reliaple. The pI of the isolated lipophorin was estimated

to be 6.3 using Phast-gel IEF-(3-9) (Fig. 6 a,b). The

Single band observed during jsoelectrofocussing further

indicated the homogeneity of the isolated lipophorin.

Analysis of 1ipophorin by SDS-PAGE revealed the

Bresence of fwo -apopr
11 (M,.~78,000) (Fig. 4 a,bl. pensitometric scanning of the
apoproteins after SDS—PAGE (Fig. 7) suggested that apolp~
ITI/apoLp-I weight ratio was (1:1.4) . corresponding to a
Molar ratio of approximately (2:1). If the intact

y oneé apolLp-1I and two apoLp-II molecules,

lipophorin had onl
t would be Mr'732,000. Thus each

the minimum molecular weigh

Mr‘700,000) contains two copies of

lipophorin molecule (

ApoLp-IT and one COPY of apolp-I.

steing apoLp=1" (My7210,000). and .apalp#. 0



Fig.

Molecular weight determination of lipophorin by

gel ﬁermeation chromatography on Bio-Gel 1.5 A

column. The column was calibrated with protein

standards and the elluents monitored at 280 nm.
Lp - lipophorin

Protein standards -



41

3.0 1

1:0 |




41

LIPOPHORIN

50 &0



Fig.

Fig.

6a

6b

Isoelectrofocussing pattern of B. rusca
lipophorin. Lane 1, I1EF calibration sample
pi)f lane 2, lipophorin (2 pi). The calibration
sample contained: Lentil lectin (basic) (pi
"8.65), lentil lectin (middle) (@i 73.45), lectin-
lectin (acidic) (pi 78.15), horse myoglobin
(basic) (i 77.35), horse myoglobin (acidic) E
’6.85), human carbonic anhydrase () (pi 76.55)"
bovine carbonic (B (i 7’5.85), B. lactoglobuUn
@A (i 75.20) , soya bean trypsin inhibitor &
”4.55), amylocosidase (pi 73.50).

Standard curve of pi against migration distance °n

Phastgel I1EF (3-9). The migration distances wver®

measured from the cathode in millimetres.
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Fig. 7 Densitometric scan of lipophorin*
apoproteins
separated by SDS-PAGE.









The apoproteins were isolated by SDS-PAGE followed by

elec i i i
troelution and their purity ascertained by SDS-PAGE

(Fi i
g. 8). No change in molecular weight was observed with

the isolated apoproteins.

3. : .
2.1 Amino acid composition

Table 1 gives the amino acid composition of B. fusca

13 c s
ipophorin in mole percentages. The results showed a

Predominance of aspartate (13%), glutamate (9%) and glycine

(8.95%). Methionine was only present in trace amounts

(0.73%). The aromatic amino acids constituted (7.8%).

These results compare favourably with those of larval

14 , X
ipophorins from other insects, M. sexta (pattnaik et al,

(shapiro., 1988); honey bee, A.

1985) .

3 L.
$2.2 Limited trypsin diges

e 1ipophorin with bovine trypsin

Incubation of nativ
ible to digestion than

showed that apoLp-I was more access
gested,

1PoLp-II. However, as apoLp-I was progressively di

sible to the enzyme. The results was

y
POLp-II became acces

1

S shown in Fig.9-

y s
2.3 Lipid compesitiol

s separated by SpS—-PAGE both

Lipophorin apoprotein
ack (Fig- 10
The extracted 1i

) jndicating presence of

Stas
ainedq with sudan Bl
pids from

1pids on both apoprotein®:
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Fig.

8

haemolymph (3 ml); lane 2, isolated lipophorin (10 |

SDS-PAGE of apoLp-I and apoLp-II following their
isolation. The apoproteins were isolated by SDS-

PAGE followed by electroelution. Lane 1, B. fusca

e

pg); lane 3, apoLp-I (10 jig): lane 4, apoLp-II (107
nug) .
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AMINO ACID COMPOSITION OF LIPQPHORIN

46

TABLE 1
Amino Acid Mole %
Ala 7.36
Arg 4.27
Asp 13.00
Cys ND*
Glu 9.03
Gly 8.93
His 2.45
e 4.53
Leu 8.34
Lys 8.78
Met 0.73
Phl 4.0
Pro 4.73
Ser 7.57
Thr 5.70
Trp ND*
Tyr 3.52
val 7.00
99.99

*ND

Not determined.



SDS-PAGE of lipophorin following limited trypsin
digestion in PBS. Lipophorin was incubated with
trypsin at a concentration of 1:5 w/w
(trypsin:lipophorin) for: lane 1, 30 min; lane
20 min; lane 3, 15 min; lane 4, 10 min; lane 5F

min; lane 6, 0 min.

I - apolLp-I

1 apolLp-11



4

a7



Fig. 10 SDS-PAGE of isolated B. fusca larval lipophorin
stained with Sudan Black B for lipids. Lane 1.

lipophorin (10 pg): lane 2, lipophorin (20 pg)-

I - apoLp-I1

IT - apolLp-II
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1i i i
pophorin according to the method of Bligh and Dyer. 1959

c 3 .
onstituted 46% of 1its dry weight. The phospholipids

r
epresented 16.5% of the total 1ipids 2as estimated from

t : .
otal inorganilc phosphate (Bartlett. 1959) (Fig- 11) .

Further apalysis of the extracted 1ipids by TLC
acylglycerols, cholesterol,

revealed the presence of di
d cholesterol esters (Fig.

hydrocarbons an

t -
riacylglycerols:
ges of these 1ipid classes wWas

12). fThe relative percenta

Diacylglycerides were however-the-most'

pour,suggesting

n

ot getermined-

h . . as .
eavily stained py iodin€ va predominance

a L
mong the neutral 1ipids-

3
4.4 carbohydrate SomEeE

fusca jipophorin

-PAGE (Fig. 13) jndicated the

rate on poth
1973) - Lipophorin was

on—A—Sepharose (Fig. 14)- This

mannosé rich oligosaccharide

(] .
hains on the PIOtein‘

n 1ipophori

Percentad® of carbohydrate o
%o be 1% rdind to the phen 1~su1phur1c acid method of
cco
15)



Fig. 11 Standard curve for the estimation of inorganic

phosphate.






Fig.

12

Separation of neutral lipids extracted from B.
fusca lipophorin by thin layer chromatography.
Lane 1 and 4 reference compounds:MG
(monopalmitin), TG (tripalmitin), TRI (triolein).
MO (methyl oleate), CE (cholesterol

ester) ,C(Cholesterol) ,DG{(diapalmitin);lane 2,

lipid extract; ;lane 3, lipid extract plus the

reference compounds.
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Fig. 13 SDS-PAGE of isolated B. fusca larval lipophorin

stained with periodate Schiff reagent for

carbohydrates. Lane 1, lipophorin (10 jag); lane

2, lipophorin (20 ja) -
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Fig.

Elution profile of lipophorin from concanavalin A-
Sepharose column. The column (1.0 x 15 Cm) was
equilibrated with concanavalin A buffer prior to
the sample application. Elution was done with 500

mM methyl1x-D-mannopyranoside and fractions (2 ml)

monitored at 280 nm.



uonjoe.l-

daqunu

Absorbance at 280nm

VZ= 0



Fig. 15 Standard curve for the estimation of carbohydrc
percentage in lipophorin. D-mannose was used

the carbohydrate standard.
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immunological studies

Double radial immunodi Ffusion

Immunodiffusion analysis was carried out using 1%
a9arose in PBS on glass slides as described 1n 2.15.2. A
Positive antibody-antigen reaction was indicated by a
Precipitin line. Antisera to B. fusea lipophorin reacted
wlth B. fusca haemolymph, the isolated lipophorin and apolLp
1 (Fig. 16). The single precipitin line observed for each
of the antigens confirmed the specificity of the antisera

hence the purity of the isolated lipophorin. The
r®@sults also showed that the precipitin lines were lines of
identity between haemolymph, lipophorin and apolLp-1I
indicating the existance of common antigenic determinants.

ApoLp-1l1 never showed any detectable reactivity towards the

ahtisera (Fig. 16) .

Haemolymph samples from L. migratpria, C. partellus, E.
s.9ccharina, G. mellgnella and G. mp_rtisan were tested for
Closs-reactivity with antisera to B. fusca lipophorin by
immunodiffusion. Precipitin lines were observed
haemolymph samples from C. partellus, E. saccharin..., nd G.

llpnella. Locusta migratpria and G. mprtisan never showed
my cross-reactivity (Fig. 17). Similar results

Stained when antisera to M. sexta lipophorin was

8). The precipitin lines were continuous indicating the



Fig. 16

Double radial immunodiffusion of B. fusca

lipophorin and the isolated apoproteins against
antisera to B. fusca lipophorin. The central W¢
contained antiserum (Ab) whereas the peripheral

wells contained:( 1) lipophorin (10 ng), (2) B.

—

fusca haemolymph (5 Rrl), 3) apoLp-I (20 pg), 4)
apoLp-II (20 ug).
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Fig. 17

Double radial immunodiffusion of lipophorin and k

haemolymph samples against antisera to B. fusca

lipophorin. The antisera was placed in the |
:
central wells(Ab). Peripheral wells in A %

. .
contained: (1) B. fusca lipophorin (10 pg), (2) ¥

saccharina haemolymph (5 ml), (3) G. mellonelld 3
haemolymph (5 pl), (4) C. partellus haemolymph ﬁ 

Ml). Peripheral wells in B contained: (1) B. fusg

|
o . bl
lipophorin (10 pg), (2) G. mortisan haemolympb (5

M1) ,(3) L. migratoria haemolymph (5 Pl)'
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Fig. 18

Double radial immunodiffusion of lipophorin ana
haemolymph samples against antisera to M. sextd
lipophorin. The antisera was placed in the

central wells(Ab). Peripheral wells in A v
contained. (1) B. fusca lipophorin (10 pg) (2)
partellus haemolymph (5 pl), (3) E. saccharind
haemolymph (5 pl), (4) G. _mellonella haem°1Ymd
(5 pl). Peripheral wells in B contained: (1) B

fusca lipophorin (10 ng) (2) G. mortisan

haemolymph (5 pl) (3) L. migratoria haemolumpP
pl).
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onH rrenic determinants in C.
presence of common

) fusea and G. mellonella.
E. saccharina; B.

Immunoblotting studies

logical reactivity of apoproteins separated

The immunolog ing. The separated
= tested by immunoblotting
by SDS-PAGE was nitrocellulose paper and
transferred onto nitru
apoproteins were aaainst lipophorin. Bound
} 1+ tl N ) )
then i1ncubated wi . A gold (Pierce) (Fig.
tpeted using protein A g
antibodies bpt,, apop,,t.i»« -«»

19). The result5 showe
_ -lipophorin.
reactive towards anti
L . migratoria, 5- “s an

Aivah samples from
HaemolymP1l N

separated by
m 1 x pn.ell-

o sacchari-3 an 3 The
partellus , S- — nitrocellul®se*
+-ransfered on o Nactivity with
SDS-PAGE then tr for cross-

. ,roteins were te nitrocellulose paper
transferred pt° _ ,horin. The n

antrbodles {8 %: e ra and'ﬁnf bound antibodies
. e antis anti-rabbit
was incubated with labelled goat
. a radish peroxxdas partellus, E.

detected usind r* ,,»pl*= fro" -

. s - »ETY-P» a ,it» »»ti-
IgG (Fig* 20/ * Cross r .

nd G. meli°nella -» and G, mortisan did

saccharina- an -~ migratori.

.. N sampler ~om t...
ipophorin. tivity-
.- Cross"rea ) ~+—pin bands
not show any ~ with Prot
oS observe

re.etirfW . OH=*

n -« ..-1 end *P°LP -, to .pebP-U

. to aPoLP r-resp°ndin
correspond1n8 . bands c°r P 9 —regto
protein pai compare

lipophorin- The r reactivi



Fig.

1S

Immunoblot test on B. fusca haemolymph and
lipophorin separated by SDS-PAGE using antisera t
B. fusca lipophorin. The separated proteins were
electrophoretically transferred onto
nitrocellulose paper then incubated with antisera
to B. fusca lipophorin. The bound antibodies were¢
detected by protein-A-gold. Lane 1, B. fusca

haemolymph (10 ug); lane 2, lipophorin (5 pg) -






- Fig.

20

|
|
Immunoblot tests on haemolymph samples separatedg

|

by SDS-PAGE using antisera to B. fusca lipOPhOYi?
The separated proteins were electrophoretically {
I
transfered onto nitrocellulose paper. The |

transfer was followed by incubation with antisera

to B. fusca lipophorin then horse radish

i
peroxidase labelled goat anti-IgG. The blots wef
developed by incubation with 4-chloro-1-napthol '
and hydrogen peroxide.

|
Lane 1, G. mellonella haemolymph (5 pg); lane 2

E. saccharina haemolymph (5 pg): lane 3, G.

mortisan haemolymph- (5 ug); lane 4, C. Eéllﬁllggé
haemolymph (5 mug):; lane 5, L. migratoria ‘
haemolymph (5 pg); lane 6, B. fusca lipophorin (5

Mg .
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apoLp-1. The results suggested that insects of the same

order share antigenic determinants on both apoproteins, but

predominantly on apoLp-1. The bands which appear between

t tt In lane 6 of figure 20 are presumably
apoLp-1 and apoLp-H m z#a
) E re—t since the B. fus.ca
degradation products of apolp

3 ) g after a long time of storage,
lipophorin was use



CHAPTER .4

DISCUSSION

Lipophorin is the -Jor -emolymph lipoprotein found in

all developmental stages of most insects (Chino at
otein is composed of a basic structure

1981). The [lipoprotein 1 and
) Pop (W —250 ,000) apoLp—II %r 80 000)) and
consisting of apolLp r . various distinct
. 1985 Shapiro et al, 1988).
lipids (Chino, 1 - _ from HDIp to LDLp

interconvertlpb|lee forms of AP \Barious forms arise from
occur In the haemolymph-
}igld content

+ al 1937 )-
structure (Ryan —

Nsition of the basic
and composition

alteration m

with larvae of M- sexta (Pr -
in vitro studies (Venkatesh and Chipperndale,

1986 a) and P- grandieS- demonstrated that

4 1987) has
1986; Venkatesh et a,,, " N fde fat body- In

lipophorin is biosynthesx”d ~ A haemolymph, a nascent
, v. Tat body secretes ,» phospholipids
larvae, the fa T t ap°™p
p contalnlna apo a of mature
VHDLp particle Formation
-ttle diacylglycerO * . ovigly”~rol derived
and very littl e R diacylg 1986
lipophorin involves Ehe uptate . n a?, D -
) .—-NniHs 1In tn )
from dietary shuttle In the
a reusable _
fmcti°nS a eje from sites
- r. n°"*
tr” SP°rtat” ction o« “oo »a Chino. 1«>:
1985," »  ** 1.plio.t.a
-Chino. 1989- Chl»0o «- - (wf, - -

1984). A hipid



as enhancing transfer of lipids between the tissues (Ryan et

el, 1987). In adult L. migratoria, AKH released at the

onset of flight stimulate the mobilization of diacylglycerol

from the fat body (Goldsworthy et al, 1985; Wheeler and

Goldsworthy 1983,a; Van Heusden et al, 1984). The released

is loaded onto HDLp-A, which is subsequently

diacylglycerol
transformed into LDLp. More apoLp-111 molecules also
Associate with LDLp (Van der Horst et al,

Wheeler and Goldsworthy, 1983a). At flight muscle,

1981, 1984;

<Slacylglycerols are released and excess apoLp-111

dissociated, resulting into HDLp-A. HDLp-A can then bind

more diacylglycerols from the fat body (Van der Horst et al,

%;7; Van Heusden et al 1987).

1979; Mwangi and Gold%wor¥ﬁ9c }
sexta has been shown to

- N
Synthetic AKH injected-infb gHﬂl% M' -
rts as in L. migratoria (Shapiro and Law,

evoke similar effects

1983) .

have been employed in the purification

Several methods hav
e - The methods include:affini y

. and Emmerich,1980, ,repeated gel
18??'%%2 Der Horst,
sucrosedensity

of insect « v * * m *
chromatography <Ge j Goldsworthy

filtrations (Mwangi a
hvcold ethanol and su
-pattnaik et

p?g),precipitatibn
Centrifugation(Thomag and Gilfert ]involving DEAE Cellulose

the purification

-1,1979,-Thomas K,1979 )-A
has also been usea

°lumn chromatography Ritazawa,1981)

“ used pr*P"*tiv*

ai,. .t
. - has long oeen .
ultracentrifuaatiofi 9 used in the

o _ f apoproteins and has
Jrification of



fsolation of mammaPian SEF&# 1lpoproléins including,

chylomicrong, VE8FY low density lipoproteins (VLDL),

ns
density lipoproteins Qlbe), gﬂg high density lipoproteil
/ — al 1980; Hamilton and Kayden, 1975).
HDL) (Havel et al,
hnrins have also been purified by
Several insect lip°P
., - » witracentrifugation (Ryan et al, 1984;

denS|ty gradient ui d habi
1084 Haunerfang an Bowers, 1986; Shapiro et

Shapiro et at . i 1987have also shown that’

al iqgooi Haunerland et al*®
-1 - - . n be used to separate VHDL from HDL.
uitracentrifugation ca density gradient

imresS a uw®
The separation req different 9radient systems-
uitracentrifugation emp . iI-racentrifugationhas

of lipoproteins by
The purification or vertical rotors, which

d by use S ,

been greatly enhance Y tbe equilibrium unlike

..rter ti»e to r
require a much shorte

,»P< rotors.
the swinging buc horin has been
larval l1iP°ph°«n,
) ) , n Tfusea )
in this study, - -~ dens.ty gradient
rassium bromi Section
Purified by P°taS vertical rotor
ation using a fficient and fairly
Ultracentrifugatl »pdure is eff i
efication proced lipophonn was
3.1). The purifl of the pur
The homogenel eleCtroPhoresis,
aPld(4h>- crylamide 9 1 e n analyste
demonstrated by Polya iminunodiffusi®
ing and Pi
tsoelectrofocus cti°ns 3*1 an
Dresentsd i» N lipophorin
The results g, W&
olated larV _ 1.13 g/®1”
that the 1is JpnSity (

0 - = -
700.000, 7s 3 BI9 . _dng JE 4% tipld
i i 0on81
rcolipoproter



and 50% protein. I% =§ composed of two apoproteins, apolLp |

t rt (m “78,000) which are both
(Mr>210,000) and apoLp™1I r
i rich oligosaccharide chains. In
glycosylated with mannose rich 0||g
one molecule of apolLp-1 and two

the iIntact Iipopﬁorih,

rpgent in the basic matrix
molecules of apolLp-H are present

-no acid composition analysis of t e

structure. Amino . d
e anrp of glutamate, aspartate and

lipophorin =»>o».e> P” p ~ in tr,o. a.ount,.

glycine, e>«» . 2 PO0S,d * phoapholipiO* ,3S*

The lipid moeity was m

of total lipid.) and diacylal”erol.

m digestion followed by SDS-PAGE revealed

Limited tryp.m NN suscePtible to
that apolLp-1I of B. S.. — . Bgears to be on the
Tl Thus apoLp 1 a
digestion than apolLp - gt to apoLp-H in the

surface of {hg liP°Protein in

interior. . ™irat-ed
. » Eusca lipopK'1l"
Th. _bo.. PPe.P"™* ° Mt<a proparti” _ka>
that the larval LipPP""1” * iIro « 1. _«e>

~or studiea
ocher lipophorin* ee

The native m ~800,000) (Chino,
Chino, 1985)* nQ 000 to Mr
- . . range from <Mr " apoprotein average
Upophorins N whereas _20>000 ~
1985, PattnaiH - oo0, Mr*80,00 r
6thts are M 2 lively (Shapiro at al,
molecular wei ju respec
and apolLP nolar ratio of 1.1
apoLp-1, apo 1984, estimate larval B.
1988)- ShaPirc°o:txX - - 1iP°PT a | e .oieeuxar
for apolLp-!= aP } thuS has a
(Mv 7°U"

fusca lipophorin
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weight comparable to other insect lipophorins. The
apoproteins apolLp-1 <Mr>210,000) and aPoLP-I1 <~*"78,000),

present in the intact lipophorin in a molar ratio of (1:2),

r weilahts than those of
however have much tower molecul&F weig

. - ,,dn Lipophorin isolated from D.
other 1insects Tipophor Pop

— h i ith
aBbreviailus ngg a=§8 been shown to posses apoproteins wit
i iprnlar weights: apoLp-1 (Mr~226,000),
comparatively [I°w mo

apoLp-11 (Mr »72,000) (Shapiro, 1988).
- ted hl&b density Hlipophorin from B, fusca

The 1s ofate
--, 1-13 g/ml, comparable to other larval

exhibited a densi y - t , 1984)
M  sexta (1-15 g/ml) (Shapiro et al,
lipophorins from _ 1985) South western
, (1 13) (Robbs et al, 19%“="¢
Apis meinfera - 1( 1986), and D.

corn borer d-1 o' N 1t9/mb) <Dill«th fit

%% 08 g/ml) (Shapiro,

R fusca lipophorin is a

h,,r lipophorins, I- *__—
As with other showed presence

The carbohydrate moeity
glycoprotein. N chains with the

abbreviatus

of mannose rich olig®saCch uted between apolLp-I
e ., uniformly distribu
glycosylation being pAS_staining of apoproteins

and apolLp-11. as judged by ~  lipophorins from eight
separated by SDS-PAGE. A stU * orders showed that

d -reoresenting s N .anate-conjugated
insect species rep isothi°cyana

, U po...... Itiv.

_ L. » (4] oS (Ry- v « /\ « LLEL P Inl L
f the apoPre°tein fion has been
at least one of the glycoSylatl

i = and ?= ameri.cana, . (Chino et al,
migratpria an . glucosamine

 tmlve mannose and g
shown to involve



Chino and Kitazawa, 1981) Paf(n .t

reported th - M 1979° -*« *1.0
a. Prv = =+ 01 3al.ctos.mine i, u
and in sexta lipowlorlll.

In this study, the presence of mannose rich
Carbohydrate was shown by the binding of the lipophorin onto

e °n A"Sepharose Colu™-  The mannose rich carbohydrate could

Ither be °n aP°LP-1t apoLp-1l1 or both (See Section 3.2.4)

The lipid moeity of insect lipophorins have been
studied In several insects. In HDLp lipid constitute
“etween (62 - 35%) by weight, whereas in LDLp, it
c°nstitutes upto 60% (Shapiro et al, 1988; Chino, 1985)
PthsphoIipids and diacylglycerols are the predominant Hlipids
Wilth triacylglycerols present only in trace amounts,
hydrocarbons and cholesterol are also present (Shapiro et

1988; Chino, 1985). In B. fusca lipophorin, the
Pr®dominant lipids were phospholipids and diacylglycerols.
~]ior lipids present included; cholesterol, triacylglycerol,
hydrocarbons and cholesterol ester. Deep yellow colouration
of B. fusca lipophorin also suggested presence of carotenoid
Pigments. Similar pigmentation has been observed m
iipophorins from silkworm, locust (Chino et al, 1969), Peled

an8 Tietz, 1975) and M. sexta (Pattnaik et al, 1979).

Structural organization gf |IBOph0r|n has been

) ) ral insects (Mundall et al, 1980);
estigated 1In several ins

_ . i/ 1984 ; Robbs et al,
naik et al, 1979; Shapiro et al-
an interior location of

)- The resullt-héC geeeelnr]lg to suggest an m
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apoLp-11 as apolLp-1 coats the surface of lipophorin

Evidence for the proposed structural gfganization

Particle.
iodination and

limited trypsin digestion,
In the native lipophorin molecule,
1odinated

has come from:

immunological studies.
is more readily cleaved by trypsin and

apolLp-1
than apoLp-11. Antibodies against lipophorin also react
with apolLp-1, but only mildly with apoLp-Il. Limited

trypsin digestion of B. fusca lipophorin indicated that

apoLp-1 was more susceptible to trypsin cleavage than apolLp-
XI. Thus it appears that the structural organization of
Insects.

lipophorin i1s conserved among the

Immunologicaf é%ﬂﬁﬁgg of insect lipophorins have shown
apoprI_ll and 11l are immunologically

that the apoproteins,
1984;

. -re non homologous (Shapiro et al,
distinct, Ken&& are non
, 1984) .

Kawooya et alr lyovs
) ) m a anainst locust lipophorin apoproteins has
antibodies raised O
a that the apoproteins are non homologous

also demonstrated

immunoblotting with monoclonal

1987).

C reactivity of antibodies to

immunological cross-reacti
onroteins with lipophorins from other

chino and Kitazawa,

lipophorins and the ap ) [

heen studied. cnin

lipophorins from H.
N

(Van der Horst et al,

insects has previous y . )
Jj ffusion tnat
immunologically

1981 have shown by 1mmuno
- and L. migratpria ar
lipophorin has also been

A-+1 M. sexta t _
from A. mellifera

distinguishable. A 4.W|th lipophorin MG
- with antibodies to

?ecrpEia. P.

hown not to cross re
1085) immunoblo

1
~obbs et al/
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apoproteins from M. SBYf& lipophorin, has clearly

, t rross reacts with apolLp-I1
demonstrated that antl—apoLp—ﬂ Cross POLP

in aln seven insec! §fJEfs tested (Ryan et al, 1984).

H no cross reactivity has been observed between
However, no crobs j .

Hies to locust apoproteins and lipophori
monoclonal antibo

fr’, (1 (1 (11 (1 LAl *x
decemiincata (van d.r «* " « H" 1S8”""

. OBserved in immunodiffusion
line was observer

A precipitin G . africanus apoLp-111

e m cexta apoLp H

between anti-M. have attributed the
The authors navé

(Haunerland et ax, 1986) = 1ne o i between apolLp-111
to structural similarity
positive reaction =friranus (Orthoptera) as
neoidoptera) and 5 atr....-—
from M. sexta + 0 acid compJ&HieR:

evidenced \tgt/f the amino acia

. \iEFrin was shown to
anti-B. TfTUSfia lipop

In this study, immunoblotting.
, _T and apohp-li
react with both apo P hoMever, showed reactivity
Double radial iImmunodifeu91©n ivity test by

only towardS BoLP-I- Cross r_. o Logifusion using anti-

immunoblottinfl v , 1tb Wi
B. ,,,sc. lipop-"17" *h°” a 7 _ ,»d ». i
nus E. saccharin#, mortisan never

from C. partellus, -~ratoria and 5- -

les from h. Similar cross
Haemolymph samp . a lipophor ~horin

) 44 B. lipophorin

\-oA with anti

CrOSS re its were noted when a - N Section
reactivity resu immunodi Ff«»i°“™*

was used in double radi

3.3) .
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studies 1involving B. fusca lipophorin

despite the interior location of apolLp-xi
some of 1iIts

Immunological

thus reveal that,
as deduced from limited trypsin digestion,
antigenic determinants are exposed in the intact lipophorin
Due to the shielding off of apolLp-I1 from the aqueous
1ts antigenic determinants are only

haemolymph environment,

detectable by immunoblotting.
strongly suggest that lipophorin from insects of Eﬁézgame

The cross reactivity tests

°i1"der share antigenic determinants on both apoproteins but

Thus anti-M. sexta lipophorin and

Predominantly on apoLp-1.
lipophorin cross reacted with lipophorin from

anti-B. fusca
insects of the same order (Lepidoptera).

L. inigratoria and G. roprtisan which belong to the

insect orders Orthoptera and Diptera respectively never

cross reacted with either of the anti-lepidopteran

1ipophorins. Ryan et al, 1984f showed cross reactivity
with apoLp-I11"s from eight

sexta apolLp-11

between anti-M.
it was

insect species representing seven
had to be conserved for structural

In this study

insect orders.

concluded that apoLp-1I1

intergrity of the lipophorin particle.
it was not possible to detect any reaction between

however,
EB—IJ'S of G. mortisan and L.

anti-lipophonn and apd
This is géggﬁgg anti-B. fusca lipophorin was

migratoria.
used in this study rather LR gﬂ&i—aeoLe—ll as in Ryan et

h1;_ﬁ;on of apoLp-I11 In the

interror 1oéa

al, 1984. The
that antibodies can only be

lipophorin parti.c le



produced agafhs%ziqmited g§88§88 antigenic determinants on

apoLp-11.

The study of Hlipophorin from the larval stalk borer

A nnctrated a remarkable constancy in

Busseola fusca has demo

) ) . diverse 1iInsect species. Lipophorins from
lipophorins from diver

have variations in their
different Insects however, h
o . ovooerties. It has also been
composition and molecular P
. that insects of the same order, share

shown 1in this study,
,, terminants on theilr apoproteins,

antigenre determr selective iInsect pest control
. ¥ lipophorin for

exploitation N understandi,,g fully how

will only be rea NN function. Future

lipophorin struc roncentrate on structure versus

research should therefore

o( -
S.v.r.1 »-Ch,,1,. M “ox
ored Among these a intracellular
unexpfored- cell surface,
, unloaded at the . ) metabolism and
loaded and u Jipophori
e°ntr® «ne «°tMr - r
control of >, al Pl ««
0’ Iipopt- ril' (13 J PI t))r . -f“ ))(( (1 0“ [ W13
i of U» *»n*e' . t, blot biologically
1» in d.f." of I1lp,,phorin i
- The aiJ-J- j —-jnsecticiu
and toxins. drugs and has
nobiotiss such as . AS yet
active xen owers, Oratjon or
. »» (Haunerland and P s detoxicati
demonstrate binding e

whether the

not been show”

] ] OFf the §gpobi°t?c8'
WHrati°n
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