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Changes in the Haemolymph Metabolites, Protein, Carbohy-
drate, and Free Amino Acid of Galleria mellonella L. Parasi-

tized by the Pupal Parasitoid, Brachymeria lasus Walker
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Galleria mellonella L. was parasitized by the pupal parasitoid, Brachymerica lasus Walker

in the laboratory. Haemolymph total protein and carbohydrate concentrations from the hosts
parasitized by B. lasus decreased within 1st day following parasitization. However,

haemolymph total free amino acids, glycine, proline, arginine, isoleucine, phenylalanie, leucine,
valine, glutamic acid, histidine, serine, and tyrosine increased and free amino acids decreased

were threonine, aspartic acid, methionine, cysteine, alanine, and lysine.
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Hymenopterous endoparasitoids were known to
cause many physiological and biochemical changes
in the host insect, an action Vinsone and Iwantsch
(1980) termed “host regulation.” These changes
included alternations-in growth, food utilization
and development rate of host-that are thought to
benefit the developing parasitoid. Changes that
have been reported in the host’haemolymph after
parasitization include changes in specific gravity,
freezing point depression, dry weight, hormone ti-
ters, plus differences in amino acid, carbohydrate,
lipid, and protein concentrations and in the num-
ber of electrophoretically separable proteins (Bald-
win and-House, 1952; Corbet, 1968; Barras et al.,
1969; Dahlman, 1970; Brewer et al., 1973:
Thompson and Barlow, 1974; Dahlman, 1975;
Vinson and Iwantsch, 1980; Dahlman and Green,
jr, 1981; Beckage and Riddiford, 1982; Thomp-
son, 1982).

Brachymeria lasus was best known as a solitary
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endoparasitoid of fall webworm pupae, Hyphan-
tria cunea in korea, and this insect was polypha-
gous. Currently, there was interest in B. lasus as a
possible biocontrol agent for gypsy moth, Lyman-
tria dispar and fall webworm, Hyphantria cunea.

After B. lasus parasitizes the host insect, greater
wax moth, Galleria mellonella, we examined the
changes in haemolymph metabolites-protein, car-
bohydrate, and free amino acid concentrations of
host for studies on in vitro culture of the para-
sitoid.

Materials and Methods

Galleria mellonella pupae were reared at 32°C
in darkness, and maintained according to the
methods of Dutky et al.{1962). Wax moth pupae
were removed from their coccons for exposure to
the parasitoids.

Wax moth pupae were collected daily for ex-
periments in which pupal age was required, and
were used to rear B. lasus for colony maintain.

The parasitoids were reared in 9-cm diam petri
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dish at 25 + 1°C with 16L./8D photoregiom and
fed a 10% honey water solution soaked into cot-
ton dental wicks.

Wax moth pupae (O-day-old pupae) were ex-
posed to B. lauss in 9 cm diam petri dish at 25 +
1°C and then the pupae parasitized kept in clear
petri dish. The pupae (0-day-old pupae) unparasi-
tized also were kept in the same condition.

Haemolympy samples were obtained by punc-
turing near the head of pupae with fine needle
and being collected into eppendorf tubes in ice
with capillary tubes at 24-h intervals after pupae
were given control treatment or treatment with the
parasitoids. Haemolymph from several pupae was
pooled to obtain a minimum volume of 70 41,
but usually the volume of the sample was 70-100
r1. To collect the haemolymph of parasitized
host pupae, the egg and larva of B. lasus in the
host pupae was identified by dissecting host
pupae in Ringer’solution (128 mM NaCl, 1.8 mM
CaCly, 1.3 mM KCI; pH 7.4) under stereo micro-
scope.

A small amounts of pheylthiourea (PTU) was
added to the appropriate amount of haemolymph
to prevent melanization and this haemolymph was
centrifuged at 10,000 g for 10 min at 4°C to re-
move haemocytes and tissue debris and super-
natant was taken and stored at —20°C for use.

Total protein concentration was determinated
by the Folin and Ciocateau’s Phenol Reagent with
bovine serum albumin as standard (Lowry et al.,
1951), and total carbohydrate concentration also
was determinated by Anthrone methods with glu-
cose as standard (Joseph H. Roe, 1954).

Free amino acids were estimated by Pico-Tag
amino acid analysis system (Waters Assoc) with
Pierce H (17 species of free amino acid contained
in 2.5 g mol/ml) as standard (Brian et al., 1984).
The 50 41 of haemolymph sample and 10
volumes of diluent standard were placed in sam-
ple tubes and dried under vacuum. Samples were
dried down again after adding 10 41 of ethanol--
water-triethylamine (TEA) (2:2:1) to each sample
tubes. The derivatization was made fresh daily and
consisted of ethanol-TEA-water-phenyli-
sothiocyanate (PITC) (7:1:1:1:). The phenylthiocar-
bamyl (PTC) derivative of free amino acids was
formed by adding 20 x| of ethanol--
TEA-water-phenylisothiocyanate to the dried
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samples and then in the vacuum vials for 20 min
at room temperature. Ethanol-TEA-water-pheny-
lisothiocyanate was then removed under using the
Workstation. The column used was C18 re-
verse-phase column with 4, m packing (150 mm
% 3,9 id). Each samples(10 x1) were injected af-
ter adding 250 ! of sample diluent to each sam-
ple tubes and then dissoving samples. The solvent
system consisted of two eluents: (A) an aqueous
buffer and (B) 60% acetonitril in water. The
typical buffer was 0.14 M sodium acetate contain-
ing 0.5 ml/TEA and titrated to pH 6.35 with gla-
cial acetic acid. A gradient which was run for the
separation was a linear increase from 0% B to
46% B in 10 min, followed by 46% B to 100% B
in the next 4 min.

Results

The concentrations of haemolymph protein and
carbohydrate in wax moth pupae parasitized by B.
lasus has significantly lower levels than that of un-
parasitized hosts during the entire exprimental
periods (Figs. 1 and 2).
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Fig. 1. The haemolymph total protein concentrations of
Galleria mellonella unparasitized and parasitized by
Brachymeria lasus, as O-day-old pupae. Each value
represents the mean of several individuals. A: Parasi-
tized, ®: Unparasitized
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Fig. 2. The haemolymph total carbohydrate concentra-
tions of Galleria mellonella unparasited and parasitized
by Brachymeria lasus, as O-day-old pupae. Each value
represents the mean of several individuals. A: Parasi-
tized, @: Unparasitized

Quantitatively, total free amino acid concentra-
tion in wax moth pupae was approximately 3200
«g/ml haemolymph in all the experimental
periods, and was dominated by threonine,
methionine, lysine, glutamic acid, alanine, proline,
tyrosine, and arginine, together with lesser
amounts of histidine, valine, leucine, and serine,
which varied among experimental periods. Gly-
cine, isoleucine, pheylalanine, aspartic acid, and
cysteine were minor constituents in all the ex-
perimental periods and were present at variable
concentrations all less than 100 pxg/ml
haemolymph (Tables, 1 and 2).

Parasitization resulted in a increase in total free
amino acid concentration except 1st day of the
experimental periods (Fig. 3) and a modification in
free amino acid compositions. Increased free ami-
no acids were glycine, proline, arginine,
isoleucine, phenylalanine, leucine, valine, glutamic
acid, histidine, serine, and tyrosine, and decreased
free amino acids wer threonine, aspartic acid,
methionine, cysteine, alanine, and lysine (Tables.
1 and 2).

Vol. 33, No. 2
0001
3 f00f
z
o SO0
o
g qwom})
s
o
ot
= 3000f
g
x
2 o00f
&
= ,L,
pl 1 i ——— 1 &
1 2 3 4 5

Post-oviposition (days)

Fig. 3. The haemolymph total free amino acid concen-
trations of Galleria mellonella unparasited and parasitized
by Brachymeria lasus, O-day-old pupae. Each value
represents the haemolymph of several individuals. &:
Parasitized, ®: Unparasitized

Discussion

Various results on the concentration of hae-
molymph protein and carbohydrate have been
obtained from studies with hymenopterous insect
parasite. Dahlman (1975) reported that
haemolymph trehalose concentrations decreased
in Manduca sexta parasitized by Apantales congre-
gatus. In contrast, the concentartion in Heliothis
virescens was unaltered after infection by Car-
diochiles nigriceps (Dalhman and Vinson, 1975).
Dalhman and Vinson (1975), however, reported a
marked elevation in the haemolymph concentra-
tion of trehalose in H. virescens parasitized by
Microplitis croceipes. Similar results were reported
for Trichoplusia ni parasitized by Hyposoter ex-
iguae (Thompson, 1982).

The effects of the gregarous insect parasite,
Apanteles congregatus on the total haemolymph
protein level in Manduca sexta parasitized as first
instar larvae was examined by Dalhman (1969).
Early fourth and fifth instar host insects had levels
similar to uninfected individuals. Smilowitz and
Smith (1977) demonstrated alternations in
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haemolymph proteins of Pieris rapae parasitized
as second instar larvae by Apanteles glometatus.
Protein concentrations in both uninfected and in-
fected hosts followed a cyclical pattern during host
development, but parasitized larvae had somewhat
higher concentrations during the late fourth and
early fifth instars and significantly lower levels than
uninfected insects during the remainder of larval
development. The latter decline was coincident
with fat body destruction. Thompson (1982) also
demonstrated the effects of parasitization by H.
exiguae on the total haemolymph protein concen-
trations of fourth instar T. ni. Parasitized larvae
had significantly elevated haemolymph concentra-
tion immediately following parasitization. The
higher concentrations were maintained until
approx. 4 days post-infection at which time the
concentration in unparasitized larvae surpassed
that of infected individuals.

Investigations on an alternations in elec-
trophoretic proetin patterns were performed in
Heliothis virescens parasitized by Cardiochiles mig-
riceps (Vinson and Barras, 1970) and in Heliothis
zea parasitized by Microplitis croceipes (Barras et
al, 1972). In both studies it was concluded that
the developing parasite utilized or destroyed cer-
tain haemolymph proteins while causing a shift in
free amino acides to the bound state or the secre-
tions of other proteins into the haemolymph.

In investigations such as above, the concentra-
tions of haemolymphy carbohydrate and protein
in the host insects parasitized by larval parasitoids
show mainly a tendency to increase. However,
the concentrations of hemolymph carbohydrate
and protein in the wax moth pupae parasitized by
B. lasus show a tendency to decrease (Figs. 1 and
2). It is suggested that such decrease takes place
because the host wax moth pupae parasitized is
no feeding.

Amino acids may be of considerable importance
in the nutritional and metabolic adaptations of in-
sect parasite. Corbet (1968) reported that N.
canescens spend a considerable portion of its lar-
val life as a first instar larva and completes most of
its larval development during the late last larval
stadium of the host. The composition of the
host’haemolymph changed dramatically during
this period. It was suggested that such changes
after feeding behavior of the first instar larva, in-
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creasing the rate of nutrient uptake and inducing
growth. Among the change occurring in the
host’haemolymph was a sharp increase in free
amino acid concentration.

In similar investigations, Barras et al. (1969) re-
ported that following parasitization of H. virescens
by C. nigriceps, the concentration of certain free
amino acid decreased while their levels increased
in the peptide and protein fractions. The result,
however, was not consistent with all the amono
acids. Fisher and Ganesalingam (1970) demons-
trated altered amino acid levels in Anagasta
Keuhniella one week after parasitization by Devor-
gilla canescens. Phenylalanine and leucine were
absent in parasitized hosts while two unknown
amino acids, which were absent in uninfected
hosts, were reported at high levels in parasitized.
Thompson (1986) also reported that following pa-
rasitization of Trichoplusia ni by Hyposoter ex-
iguae, the concentration of total haemolymph glu-
cogenic amino acid decreased.

In vitro studies demonstrated that amino acid
alone can fulfill the energy requirements for com-
plete larval development of a number of hyme-
nopterous parasitodis (Thompson, 1076, 1983;
Yazgan, 1972). The parasitoid B. lasus grew well
in vitro on media in which nitrogen was supplied
as a mixture of protein and free amino acids. Lar-
vae failed to develop properly, however, on
media containing protein alone. Studies on amino
acid metabolism of Exeristes roborator further indi-
cated the importance of amino acids for growth
and development of inset parasitoids. A compari-
son of the rate of incorporation of carbohydrate
precursur into amino acid with the synthesis rate
of protein from amino acid indicated that the pro-
tein sythesized by amino acid synthesis. Thus, de-
veloping larvae require a source of amino acid for
maximal growth and development, and a low rate
of amino acid synthesis may represent an adapta-
tion of the parasite, which feeds on host
haemolymph, a rich source of amino acids
(Thompson. 1982).

In this experiment, therefore, the concentration
of increased haemolymph free amino acids in the
wax moth pupae parasitized by B. lasus is thought
to benefit to the developing parasitoid because of
requiring a lot of free amino acid for maximal
growth and development of the parasitoid (Fig. 3,
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Tables. 1 and 2). But, it is not known vet whether
the concentration of increased hamolymph free
amino acids is due to the fat body destruction or
haemolymph proteolysis in the host pupae.
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Plate. Chromatograms of free amino acids. STD: Standard,

G: Galleria mellonella, P: Parasitized, U: Unparasitized,
3: Post-oviposition (days).



