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cecropia have also been identified from several insect

orders including the dipteran, Glossina morsitans

morsitans (Kaaya et al., 1987).

There are other immune proteins present in
haemolymph of immunized insects but showing no direct
antibacterial activity. Such is the protein designated
P4 (M,.=48,000) that appears in haemolymph of diapausing
pupal H. cecropia (Rasmuson and Boman, 1979). A
similar protein was reported from M. sexta (Hulbert et
al., 1985).

In vitro synthesis studies shows fat body as the
synthetic site of immune proteins. This was
demostrated in several lepidopterans including H.

cecropia (Faye and Wyatt, 1980), Galleria mellonella

(De Verno et al., 1984) and M. sexta (Dunn et al.,
1985).

1:4 RATIONALE FOR THIS STUDY:

The haemolymph of tsetse fly has been demonstrated
to play a crucial role in energy metabolism in that;
(i) it transports proline, the chief metabolic
fuel (Bursell et al., 1974), from gut and fat
body to the flight muscle where it is

oxidised for energy release.

(ii) It acts as a "proline buffer” in that its

level remains fairly constant even when
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During this step sample protein migrated to
their isoelectric points on the gel.

(iii) Development:

In this step, the gel was stained using
PhastGel Blue R and destained for
visualization. The gel was then air dried.
To estimate the pI of the LMWP, a standard
curve of pH versus migration from cathode of
the marker proteins was plotted. The pI of
the protein was read from the curve.

2:5 AMINO ACID ANALYSIS:

LMWP sample (1.5 mg) was dialysed extensively in
distilled water, then lyophilized. The lyophilized
sample was used for amino acid analysis. Hydrolysis of
the protein sample was carried out in vacuo in 6 N HC1
for 12, 24 and 48 hours after when it was analysed by
ion exchange system in a Beckman model 7300 amino acid
analyser according to manufacturers' instructions.

2.6 IN VITRO PROTEIN SYNTHESIS IN TSETSE FLY FAT BODY:

2:6:1 Isolation of fat body:

Before dissection, insects were immobilised by
chilling them at 4°C for 30 minutes. The legs and
wings were cut off using fine pair of scissors and the
insect was placed in a dissection dish containing
lepidopteran saline [0.05 M KoHPO,; 0.1 M KC1l; 0.004 M
NaCl; 0.015 M MgCl,; 0.004 M CaCl,, pH 6.5 containing

1%(w/v) sucrose] (Jungries et al., 1973).
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a nitrocellulose paper (Schleicher and Schuell) in
transfer buffer [20 mM Tris, 150 mM Glycine, 20%(v/v)
methanol]. The success of the transfer was ascertained
by staining with Rouge Ponceau [0.05%Z(w/v) in 3%(w/v)
TCA]. The paper was destained by washing in distilled
water. Non-specific binding sites on the paper were
blocked by using 5%(w/v) fat-free milk powder in Tris
buffered saline (TBS) [20 mM Tris, 500 mM NaCl, pH
7.5]. The nitrocellulose paper was then incubated with
antiserum (diluted x 200 with TBS-Milk-1%) overnight.
To wash off the unbound antibodies on the
nitrocellulose paper, TBS-Milk-5% followed by TBS was
used. Horse radish peroxidase-labelled goat anti-IgG
(Sigma) (diluted x 1000 in TBS-Milk-1%) was used to
locate the bound antibody. Unbound secondary antibody
was washed off with TBS-Milk-5% and Tris-HCl buffer
(TB) [1 mM Tris, pH 6.8]. The nitrocellulose paper was
then incubated in 0.3%(w/v) 4-chloro-l-napthol in
methanol (diluted x 5 with TB) and colour developed by
addition of 2 ul aliqouts of Hy0, into the solution
until satisfactory colour development was achieved.

The paper was then dried and preserved by keeping it

between filter papers in the dark.
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3:2:2 Determination of Carbohydrate and lipid moeities

in the LMWP

The LMWP neither bound Concanavalin A-Sepharose
affinity column (Fig. 8) nor stained for carbohydrate
with periodic acid Schiff's stain (Fig. 6). However,
the presence of lipids in the protein was confirmed by
staining with Sudan Black (Fig. 7). The light staining
cbserved for the LMWP suggested a low lipid content.

\

3:2:3 Determination of Isoelectric point and amino

acid composition

The isoelectric point of LMWP was estimated to be
4.6 on a PhastSystem using PhastGel IEF medium (Fig. 5
a,b). The amino acid composition of the LMWP (Table 2)
reveals a predorminace of acidic amino acids, aspartate
(13%) and glutamate (16%Z). A high proportion of
neutral amino acids, glycine (10%) and alanine (7%) was
observed. The protein contained relatively high levels
of the aromatic amino acids phenylalanine (5%),
tyrosine (2.43%) and histidine (3.14%) but only trace
levels of methionine (0.75%). The absence of cysteine
indicated the absence of disulphide linkages in the

protein.
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Taken from Dilwith and Chippendale
(1984). Protein hydrolysed in 6 N HC1
than subjected to cation exchange
chromatography. Aspartate and glutamate
may be present as their amides.
Tryptophan was not determined.

Taken from Kawooya and Law (1983)
Duplicate samples were hydrolysed in 6 N
HCl at 110°C in Vacuo for 24, 48 and 72
hr. Cysteine and cystine were
determined as cysteic acid after
perfomic acid oxidation. Tryptophan was
determined by amino acid analysis
preceded by mild hydrolysis in 3 N
mercaptoethane sulfonic acid (22 hr,
110%) .

Taken from Wells et al (1985).

Duplicate samples hydrolysed for 24,

48 and 72 hr in 6 N HCl in vacuo, 110°C.
Taken from Kawooya et al (1984).
Duplicate samples hydrolysed for 24 hr
in 3 N mercaptoethane sulfonic acid in

vacuo, 110°cC,
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TABLE 3

AMINO ACID COMPOSITION OF SOME LOW MOLECULAR WEIGHT HAEMOLYMPH PROTEINS (FOR COMPARISON PURPPOSES)

NB : THE DATA IS GIVEN (OR WORKED OUT) AS RESIDUES PER MOLECULE
AMINO ACID DAP FROM FAT BODY OF MICROVITELLOGENIN FROM APOLIPOPHORIN-III FROM THE LMWP FROM
D. grandiosella®  _M. SEXTAP HAEMOLYMPH HAEMOLYMPH OF G.M. MORSITANS
I.acutangulusC M.Sextad
M. = 35,000 Mr = 32,000 My = 20,000 My =17,000 Mr = 23,000
Aspartate 40 43 24 19 27
Threonine 20 11 7 8 10
Serine 12 20 10 13 30
Glutamate 32 26 30 31 29
Proline 8 8 4 2 9
Glycine 12 23 9 6 41
Alanine 12 23 17 24 22
Cysteine 4 : 1 0 0 0
Valine 16 20 ‘ 115 10 7
Methionine 4 7 2 2 1
Isoleucine 12 17 9 2 4
Leucine 32 21 16 11 11
Tyrosine 24 12 2 1 3
Phenylalanine © 12 11 9 8 8
Lysine 32 15 29 22 19
Histidine 12 7 4 4 5
Arginine 12 20 4 2 2
Tryptophan ND 5 0 0 0

Total 296 290 191 165 231
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3:3 DE NOVO SYNTHESIS OF LOW MOLECULAR WEIGHT PROTEIN

IN THE FAT BODY TISSUE OF G.m MORSITANS

The ability of the fat body tissue of
G.m.morsitans to synthesize LMWP was studied by
incubating the tissue with radiolabelled amino acids;
L- [IAC] leucine and [358]—methionine. After
incubation, the tissue was homogenised and centrifuged.
The extract (supernatant) was separated by SDS-PAGE and
the labelled proteins visualised by fluorography.

The result indicated that the fat body extract
contained a number of labelled proteins of varied
molecular weights. The LMWP was shown to be one of the
proteins present in the extract. The labelled LMWP co-
migrated with purified LMWP loaded in an adjacent well
(Fig 9, arrow). This result shows that the LMWP is
synthesized by the fat body then secreted into.

‘haemolymph.
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(Sigma) was used to locate the IgG bound proteins.
Colour development was done by incubating the blot with
4-chloro-l-napthol and Hy09. Figures 14, 15, 16 and 17
shows the cross reactivity trend. A strong cross-
reactivity with a protein in the haemolymph of

Glossina pallidipes was observed (Fig 17). The protein

showing the strong cross-reactivity is of similar
electrophoretic mobility to the LMWP.

Figure 16 shows the results obtained when
haemolymph samples from larval, pupal and adult female
G.m. morsitans were incubated with anti-LMWP serum.

The antibody detected protein of mobility very close to
that of the LMWP (Fig 16). This corresponds to the
deep band observed in female haemolymph and the upper
band in larval haemolymph. In the blots where adult
male G.m. morsitans haemolymph is analysed (ref. Fig 15
and 17), only one discrete band is observed. However,
in blots where larval, pupal and female G.m. morsitans
haemolymph is analysed more than one protein is
detected. The fact that the protein displays some
cross-reactivity means that they share antigenic
determinants with the LMWP,

No cross-reactivity was detected in haemolymph of
other species used in this study (Fig 15). From these
results it is clear that the protein is found only in
tsetse flies. The presence of LMWP in female G.m.

morsitans (Fig 16) suggests that the protein is not




































Fig. 15

Immunoblot analysis of haemolymph

samples from various insect orders

against the anti-LMWP serum.

lanes contained haemolymph samples (40 ug protein)

from: -

1, 6th instar larvae B. fusca (Lepidoptera)

2, 6th instar larvae G. mellonella (Lepidoptera)

3, 6th instar larvae C. partellus (Lepidoptera)

4, 6th instar larvae S. exempta (Lepidoptera)

5, Adult
6, Adult
7, Adult
8, Adult
9, Adult

10, Adult

‘T

LT L I b
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.

=

mollitor (Coleoptera)
Mellifera (Hymenoptéra)
americana (Dictyoptera)
gregaria (Orthoptera)

migratoria (Orthoptera)

domestica (Diptera)

11, Adult male G. m. morsitans and

12, Low molecular weight markers (Pharmacia).
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TABLE 4

CROSS REACTIVITY DETERMINATION BETWEEN ANTISERUM AGAINST LOW MOLECULAR-WEIGHT PROTEIN AND
OTHER INSECT HAEMOLYPH PROTEINS

Insect Species Insect Order Immunodiffusion Immunoblot
test test

1. Purified low molecular weight protein
from adult male Glossina Morsitans

morsitans Diptera + +
2. Adult Male Glossina Morsitans morsitans Diptera + +
3. Adult female Glossina Morsitans )

morsitans Diptera ND +
4., Adult Locusta Migratoria Orthoptera = -
5. Adult Schistocerca gregaria Orthoptera - -
6. Busseola fusca (6th Instar larvae) Lepidoptera - -
7. Spodoptera exempta (6th instar larvae) Lepidoptera - -
8. Chillo partellus (6th instar larvae) Lepidoptera = -
9. Gallera mellonella (6th instar larvae) Lepidoptera - -
10. Adult Periplaneta americana Dictyéptera - -
11. Adult Tenebrio mollitor Coleoptera - -
12. Adult Apis mellifera Hymenoptera - -
13. Adult Glossina pallidipes Diptera ND +
14. Adult Musa domestica Diptera - -
15. Larval Glossina morsitans morsitans Diptera +E +f
16. Pupal Glossina morsitans morsitans Diptera 4 &

+ means strong precipitin line in immunodiffusion and strong band in imumunoblot
= Means negative =

ND Not determined
+f means the precipitin band was faint
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ultracentrifugation method has been utilized mostly in
separation of high density lipoproteins (Pattnaik et
al., 1979; Thomas, 1979).

Although several methods have been wused in
purification of haemolymph lipoproteins, preparative
density gradient ultracentrifugation (Haunerland et
al., 1987) has emerged as the method of choice. The
method has further been boosted by the use of vertical
rotors that are effective for density gradient
ultracentrifugation, yielding separations in
considerably less time than is possible with other
rotors (Gregor, 1977; Wells and Brunk, 1979). This is
because, compared to other types of rotors of same
maximum radii, the vertical tube rotor has the highest
minimum radius hence_particles inside it experiences
the greatest relative centrifugal force.

In this study a low molecular weight protein from

haemolymph of tsetse fly, Glossina morsitans morsitans

has been purified by a combination of KBr density
gradient ultracentrifugation using a vertical tube
rotor and gel permeation chromatography (section 3:1).
From SDS-PAGE the protein appears homogenous.

The results (section 3:2:1) shows the LMWP to be
of Mr=23’000 on SDS-PAGE. The molecular weight
compares with that of antibacterial proteins, attacins

(20-23 KD) found in the haemolymph of Hyalophora

cecropia (Pye and Boman, 1977; Hultmark et al., 1983).
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Kaaya et al. (1987) has reported the presence of
proteins with properties similar to those of attacins
in the haemolymph of the tsetse fly G.m morsitans.
Other haemolymph proteins of comparable molecular
weight to the LMWP is the heat shock protein (hsp)

M,.=23,000 identified from Drosophila melanogaster

haemolymph after exposure to high temperatures
(Arshburner and Bonner, 1979; Petersen and Mitchell,
1985). A JHBP, M.=25,000 was also reported from

larval stages in plodia interpunctella (Ferkovich et

al., 1975) and Galleria mellonella (Rudincka et al.,

1979).

On the basis of their lipid content, insect
lipoproteins can be classified according to their
hydrated densities and this has been the basis of their
separation by density gradient ultracentrifugation.

The hydrated density of the LMWP was determined as 1.29
g/ml (section 3:2:1) by density gradient
ultracentrifugation. This is within the range for very
high density lipoprotein (Thomas, 1979). Another
protein with comparable density is the chromoprotein

(density 1.26 g/ml) isolated from Heliothis zea

(Haunerland et al., 1987). A density of 1.29 g/ml has

been reported for M. sexta vitellogenin (Osir et al.,

1986) and B. fusca high molecular weight diapause
associated protein (Osir et al., 1989). However, these

are high molecular weight proteins with low lipid
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contents. The very high density of the LMWP suggests
that the protein has low lipid content. This
conclusion is supported by the light staining obtained
with Sudan Black (section 3:2:2).

The low molecular weight protein is lipidated but
not glycosylated. Most haemolymph proteins have been
found to have a lipid moety (Beenakkers et al., 1985;
Shapiro et al., 1988). However, the amount of lipid
associated with haemolymph proteins varies. Some
haemolymph proteins lack lipids. The high molecular
weight haemolymph proteins generally have high
proportions of lipid making them either high density or
low density lipoproteins. A lipid content as high as
50%Z has been observed with some low density lipophorins
(Chino, 1985; Shapiro et al., 1988). A lipid content
of 15.7% was reported for vitellogenin from the

cockroach, Blatella germanica (Xunkel and Pan, 1976).

Some haemolymph proteins exists in non-lipidated forms.
A protein P4 (M, =48,000) isolated from pupal haemolymph
of diapausing H. cecropia following injection with non-
pathogenic bacteria exists as a lipid-free polypeptide
(Rasmuson and Boman, 1979). The low molecular weight
female-specific protein, microvitellogenin (Mr=31’000)
also lacks lipids. The storage proteins, arylphorins
are found to posses non-covalently associated lipid 1-
2% (Riddiford and Law, 1983; Ryan et al., 1984b; Kramer
et al., 1980).
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The LMWP was found to be non-glycosylated. The
protein neither bound to Concanavalin A nor stained
with PAS (section 3:2:2). Glycosylation is common to
those high molecular weight proteins in insect
haemolymph. Generally, both apoproteins of lipophorins
are glycosylated and the oligosaccharides are of the
high mannose type (Ryan et al., 1984a; Nagao et al.,
1987). Apolipophorin-III, found in some adult insect
species that rely on lipid as flight fuel (Ryan et al.,
1984a) has been shown to be glycosylated only in some
species. Apolipophorin-III is non-glycosylated in

Thasus acutangulus (Wells et al., 1985), M. sexta

(Kawooya et al., 1984). However, in G. africanus

(Haunerland et al., 1986) and L. migratoria the

protein is glycosylated. In L. migratoria the protein

associates with very high (12.5%) carbohydrate content
(Wheeler and Goldsworthy, 1983a,b; Van der Horst et
al., 1984). A similar observation was reported for
the P4 protein from immune haemolymph of diapausing H.
cecropia. The protein (M.=48,000) is glycosylated in
M. sexta (Hulbert et al., 1985) but not in H. crecropia
(Anderson and Steiner, 1987). The presence of high
mannose oligosaccharide chains in glycosylated
haemolymph proteins has also been exploited for
purification purposes (Ryan et al., 1986, 1989; Kawooya
and Law, 1983). High mannose oligosaccharides binds to

concanavalin A (Baenziger and Fiete, 1979).
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The function of carbohydrate moeties found in
haemolymph proteins has not been clearly established
but a recognition role either at secretory site or at
the metabolic site has been suggested (Beenakkers et
al., 1985). Osir et al (1986), showed that de-
glycosylation of M. sexta vitellogenin did not affect
its uptake by oocytes.

Amino acid composition analysis of the LMWP
revealed the predorminance of acidic amino acids,
glutamate and aspartate (section 3:2:3). The protein
also has a high content of the neutral amino acids,
glycine and alanine. A high content of basic amino
acid, lysine was observed. Although the protein showed
a relatively high amount of the aromatic amino acids,
the amount is less than that of arylphorins (Telfer et
al., 1983) as well as other storage proteins
(Levenbook, 1985). Any haemolymph protein found to
have exceptionally high content of aromatic amino acid
is basically categorised as a storage protein (Tojo et
al., 1978; Telfer et al., 1983). Amino acid
composition from few other low molecular weight
proteins is included (Table 3) for comparison. A
general dorminance of acidic amino acids is observed in
these proteins. Some of these proteins for example
apolipophrorin-III plays a transport role (Shapiro et
al., 1988). The high content of acidic amino acid in

the LMWP certainly confers the protein with a
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relatively high negative charge. It is possible that
the high negative charge is important in execution of
the role played by the protein. Such a role could
involve binding of positively charged molecules in
haemolymph. A relatively high proportion of lysine is

also observed in the DAP (M,.=35,000) isolated from D.

grandiosella as well as in apolipophorin-III from M.

sexta and T. acutangulus. This is also the case with

the LMWP. The high content of acidic and neutral amino
acids present in the LMWP accounts for its low pI =
4.6, The pI reported for microvitellogenin from M.
sexta (ref. Table 3) (M,.=31,000) is 7.3 (Kawooya et

al., 1987) while that of DAP from D. grandiosella is

pI=5.9 (Turunen and Chippendale, 1980).

Synthesis studies using fat body indicated that
the low molecular weight protein is one of the proteins
synthesized by the fat body of G. m. morsitans then
secreted into haemolymph. Virtually all haemolymph
proteins examined from a wide range of insects are
synthesized by fat body (Dean et al., 1985). Fat body
has also been shown to synthesize and store lipids
(Beenakkers et al., 1985) and amino acids notably
proline in Glossina (Bursell,1977). After the
demonstration that haemolymph lipoproteins serves as
the source of fat body granules (Tojo et al., 1978),
there are further suggestions (Ogawa and Tojo, 1981;

Roberts and Brocks, 1981) that fat body degrades
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antibodies raised against the LMWP, only members of the

family Glossinidae showed a positive reactivity (ref.

Table 4). This means that the LMWP is only present in
the family Glossinidae. Dillwith et al. (1986) using

anti-D. grandiosella DAP identified proteins that

shared antigenic determinants with DAP in D.

crambidoides and D. saccharalis. The proteins were of

compérable molecular weights. Using a similar
approach, Kawooya et al. (1987) demonstrated presence
of a protein similar to microvitellogenin of M. sexta

in Tenebrio mollitor. Ogoyi et al. (1989), using anti-

Busseola fusca lipophorin showed that lipophorins from

insects of same order shared antigenic determinants.
However, this was only established in lepidopterans.
Ryan et al. (1984a) demonstrated cross-reactivity
between anti-M. sexta apolipophorin-II with
apolipophorin-IIs from eight species representatives
of seven insect orders. This demonstrated cross-
reactivity over a very wide genetic background which
also revealed conservation of structural integrity of
lipophorin in view of its role in insect lipid
transport (Chino, 1985). In another experiment, Ryan
t al. (1984b) showed that anti-M. sexta arylphorin

cross-reacts with arylphorins from Apis mellifera. M.

sexta belongs to the order Lepidoptera while A.
mellifera is a Hymenoptera. Kawooya et al. (1987)

showed that M. sexta vitellogenins and
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microvitellogenins bears no immunological relationship
although both are female specific and are found to
accumulate in eggs. Moreover, anti-M. sexta
apolipophorin-III failed to cross-react with

Leptoglosus Zonatus (Hemiptera) apolipophorin-III

despite the fact that the two play similar role of
lipid transport (Ryan et al., 1984a).

The above observations suggests that the LMWP
present in haemolymph of both sexes of the tsetse fly
G.m. morsitans could be a Glossina protein. From the
immunological work carried out earlier, it is clear
that so long as epitopes are shared between proteins,
cross-reactivity is possible irrespective of their
originality. Haemolymph from a dipteran, Musa
domestica used in this study did not show any cross-
reactivity with the anti-LMWP sera. M. domestica
belongs to the family Muscidae which genetically is

very close to the family Glossinidae. Indeed, the

Glossina was formerly placed in the same family

Muscidae until a new family Glossinidae was

established.

The tsetse fly feeds solely on blood (Bursell, et
al., 1974) from which it derives all its metabolic
requirements. The digestion of bloodmeal releases
proline which is the chief metabolic fuel. 1In course
of digestion, there is a build up of fats in fat body

(Bursell et al., 1974). Such a reserve is important
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