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INTRODUCTION

The haemolymph of inscts is in direct contact with body tissues and thus its
variations in composition provide adequate criteria to judge the metabolic activity

associated with the differentiation process. The haemolymph proteins have been
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studied by a large number of workers from various viewpoints, especially since
the advent of such techniqes as starch and polyacrylamide gel electrophoresis
which give a high resolution of the protein fractions. The results of earier studies
have been reviewed by Buck (1953) and more recently by Wyatt (1961) and Chen
(1966). A number of studies (Telfer and Williams, 1959a; Whittaker, 1959a :
Hudson 1966; Chen and Levenbook, 1966 ; Zamburlini and Danieli, 1970 ; Pasteur
and Kastritsis, 1971 ; Pentz and Kling, 1972) shown that haemolymph proteins
change during development and metamorphosis of the insect.

Gilbert and Schneiderman (1961) reported that the protein content of the haem-
olymph is increased during the successive larval stage, but is decreased in the adult.
Duke and Pantelouris (1963) studied the protein patterns of Drospphila larva by
means of starch gel electrophoresis and found that the soluble proteins increased
from 1 band in the Ist instar larvae to a total of 11 in the late 3rd instar. Chen
and Levenbook (1966) observed that the total protein concentration rises rapidly
in the growing larva of blowfly, goes down in the early pupa and during
adult differentiation, and falls off sharply at the time of the emergence of the
adult. They have identified a total of 19 haemolymph proteins in the developing
Phormia larvae. Van Der Geest and Borgsteede (1969) investigated the protein
changes in the haemolymph of Pieris brassicae during the last larval instar and
the beginning of the pupal stage, and found that a number of high molecular
weight proteins were increased in concentration during the development, and in
addition, they identified the presence of the enzymes, such as esterases, leuci-
aminopeptidase, alkaline and acid phosphatases,

Zamburlini and Danieli (1970) separated the soluble proteins of the larvae and
the haemolymph of Drosophila hydei at different stages. They reported that the
larval age could be recognized from the electrophoretic pattern of the larval
proteins, and identified 20 discreate bands at the end of development.

Pasteur and Kastritsis (1971) studied the changes in protein patterns of whole
fly homogenates, haemolymph, fat body, and salivary glands, and found the exi-
stence of both qualitative and quantitative changes in them. The present study
was undertaken to determine the changes of pattern of soluble haemolymph
proteins during the development and metamorphosis of pine moth, Dendrolimus
spectabilis Butler and to identify these proteins by use of specific staining methods.
The study on the tissue patterns was also accompained.

MATERIALS AND METHODS

Test Insect
The overwintering larvae of pine moth were collected frcm the vicinity of
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Taejon city and reared at 26°C in a rearing box containing pine needles. The
pine needles were changed daily, and at the desired age the samples were obtained
from the box. The experiments were carried out at the following stages; larval,
prepupal, pupal, adult, and egg stages.

Collection of Haemolymph

The animals were rinsed in distilled water and dried with absorbent paper. The
haemolymph was aspirated into a micropipette and collected in a glass cooled in
an ice-bath. Haemocytes were removed by centrifugation. In general, the largest
haemolymph volumes were obtained from the 8th instar larval stages. In all cases
a few crystal of phenylthiourea (PTU) were added to the pooled haemolymph in
order to inhibit tyrosinase action. Until further experiments the haemolymph was
stored at—20°C.

Protein Determination

Protein concentration was measured by the biuret reaction according to the
method of Gornal et al. (1949).

The proteins were first precipitated with 5% trichloroacetic acid, and the absolute
values were calculated from a standard curve prepared from pure serum albumin.

Electrophoresis

Polyacrylamide gels for electrophoresis were prepared with Canalco’s premixed
solutions according to the technique of Ornstein and Davis (1964). The electrop-
horetic compartment was made at the Zoological Institute, Cologne University
and the power supply was obtained directly from Heizinger Co., Minchen, Ger-
many. In this experiment, the writers used a 7.5% gel of polyacrylamide and
Tris glycine buffer (pH 8.3). And 5x] haemolymph was applied to each gel tube
for obtaining an acceptable electrophoresis, which was stopped when the tracking
dye (BPB) reached 1 cm from the bottom of the tube, After the migration was
complete, the gels were removed from the glass tube. The clectrophoresis runs
for each stage were repeated 5 times.

Stains

General proteins were stained in a saturated solution of Amido Black 10B in
7% glacial acetic acid for 24 hours. Destaining was achieved in 24 hours by
diffusing out in a 7% glacial acetic solution, and the gels were preserved in 7%
aectic acid.

Glycoproteins were identified by the method of Caldwell and Pigman (1967).
Gels were incubated for 1 hour at room temperature in 7.5% acetic acid and
then for 1 hour in 0.2% periodic acid at 4°C.

They were subsequently transferred to Schiff’s reagent after being rinsed in
15% acetic acid. The glycoproteins show up as purple bands. For the detection
of lipoproteins, the method of Chippendale and Beck (1966) was used. Excess stain
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was removed after 24 hours in 70% ethanol. Acidic mucopolysaccharides was
stained in 1% solution of toluidine-blue in 3.5% acetic acid followed by destaining
in 3.5% acetic acid (Rennert, 1967).

RESULTS

1. Protein concentration

Table 1 shows the concentration of haemolymph proteins during development
and metamorphosis of pine moth, Dendrolimus spectabilis Butler. As can be seen
from the data summarized in Table 1, the protein concentration increased grad-
ually with the growth of larva. Particulary impressive is the rapid increase in
the concentration of haemolymph protein in the mature larva shortly before
puparium formation. The haemolymph protein concentration was 87mg/ml in the
early 8th instar larva, but it had increased to 102mg/ml in the late 8th instar.
In the prepupa and pupa, the protein concentration decreased markedly, showing

a minimum value in the adult.

Table 1. Change in haemolymph protein concentration during the
metamorphosis of the pine moth, Dendrolimus spectabilis Butler

Developmental stages Protein concentration

L (mg/ml)
Overwintering larva 47
4th instar larva 50
5th instar larva 62
6th instar larva 68
7th instar larva 73
8th instar larva [ (early stage) 87
8th instar larva I (middle stage) 92
8th instar larva I (late stage) 102
Prepupa I, 1 day 84
Prepupa [, 2 days 66
Pupa, 1 day 64
Pupa, 3 days 61
Pupa, 7 days 55
Pupa, 10 days 56
Pupa, 14 days 55
Adult, 1 day (female) 21

From Table 1, itis clear that there are two stages which show a distinct drop
in the protein concentration during the transformation of the larva into the
prepupa, and at the time of adult emergence.

2. Ontogenetic patterns

Haemolymph protein patterns of the pine moth, Dendrolimus spectabilis Butler
at different stages from the overwintering larva to the adult were examined by
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means of acrylamide gel disc electrophoresis. Figs. 1,2,3, and 4 show a series of
protein ;;atterns in the haemolymph of pine moth of varying intensities which
appear to change in number as in concentration, or intensity, throughout the life
cycle. For convenience the protein bands were numbered from 1 to 22, starting
with the most rapidly migrating component. By this experiment, a total of 22
protein bands were obtained. However, these bands were not identified commonly
at all stages. The drawings were made by gel-to-gel comparisons out the drawings
for the slow moving bands were difficult because they were very close one
another. As represented in Figs. 1,2,3 and 4, each developmental stage of pine
moth exhibits both qualitative and quantitative differences in their protein patt-
erns and, in general, the number of protein bands increases with the development
of larvae, whereas the increase in conentration of several bands occurs, too. Band
18 is the predominant one in all stages. This band increases rapidly in its conc-
entration so that the distinction among bands, 18, 19, 20 and 21 is no longer
apparent in the 8th inster larval and prepupal stages. But in the pupal, adult,
and egg stages, this band appears as two bands. And 10 bands, 1,2,3,5,7,10,11,
13,16 and 17 occur only in specific developmental stages. Of them, band 1 appears
only in the stages from the 7th instar larva to the prepupa, and band 10, in the
late pupa and adult stages, respectively. The protein pattern of the egg has a
different picture, and the number of bands was reduced signficantly, comparing
with those of larval, pupal, and adult stages. Fig. 5 shows the changes in protein
patterns of haemolymph, fat body and intestine. Each tissue exhibits its specific
pattern. Band 18 in the haemolymph is present as several thin bands in fat body
and intestine. And bands, 1,3,6,8,9,13,15,16,17 and 18 are the proteins which
are common to three tissues at this stage. Histochemical studies of general prot-
eins were performed in the manner described above. The results of experiment
are shown in Figs. 6,7 and 8. Several proteins were stained with Schiff’s reagent
and Sudan black, These proteins are glyco- and lipoproteins, and present mainly
in the slow moving fraction. Three acidic mucopolysaccharides were also found.

DISCUSSION

The change in protein concentration in the haemolymph of the pine moth,
Dendrolimus spectabilis is essentially similar to those already found for Deilephila
euphorbiae (Heller and Moklowska, 1930), Hyalophora cecropia (Chefurka, 1953),
Popillia Japonica (Ludwig, 1954), Bombyx mori (Wyatt et al., 1956), Samia cynthia
(Laufer, 1960), Phormia regina {Chen and Levenbook, 1966), Pieris brassicae (Van
Der Geest, 1969), and Ephestia kithniella (Colln, 1969). In general, the concentra-
tion of protein in insects rises in the late larval stage, decreases in the pupa and
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during adult development, and falls sharply at the time of adult emergence. The
concentration in the present study is increased with the development of larva
and showed a maximum in the mature larva, and decreased thereafter.

In the newly emerged adult the protein concentration falls to a value as low
as 2lmg/ml. In particular, -a marked increase of protein concentration in pine
moth occurred in the 8th instar larva III stage. Wyatt et al. (1956) reported
that the haemolymph protein in Bombyx mori rose from 1.2% in the early 3rd
stage to 5.3% in the late 5th stage. Apparently the same is true for Samia cyn-
thia whose protein concentration increases rapidly from the 3rd instar to a max-
imum in the spinning 5th instar (Laufer, 1960). Chen and Levenbook (1966) repo-
rted that the average haemolymph protein content was found to be nearly 20%
in the fully-grown larva of Phormia regina. The concentration changes of proteins
in insects are either indirectly the result of hormone action or are the endocrine
secretions themselves (Laufer, 1960). These facts were also clearly demonstrated
by the implantation experiment of corpora allata for the 5th instar larva of
Pyrrhocoris apterus (Brettschneiderova and Novak, 1965).

The changes in protein concentration are also obvious from the electrophoretic
patterns of haemolymph. The protein patterns present an interesting changes.
They change significantly throughout the larval-pupal-adult transformations.
Similar changes in protein pattern were observed by Telfer (1953) who examined
cecropia haemolymph with immunochemical procedures. The over-all increase of
protein concentration in bands occurs rapidly from the 5th instar larva, and the
number of protein bands also increases with the larval development, the maximum
number being at the last instar larval stage.

That is; the soluble proteins of haemolymph increased from 16 bands in the
4th instar larva to a total of 22 in the last instar larva. Bands 1,2,3,10, and 12
began to appear from the 7th, 6th, 5th, and 7th instar larval stages, respectively.
However, after the larval stages, the appearance and disappearance of these bands
and others are clearly discernible.

The fact that each protein component appears at a definite stage and exhibits
its own ontogenetic pattern of variation implicates a genic control of synthesis
(Chen and Levenbook, 1966). Band 5 appears only in larval stages, hence this band
seems “larval protein.” The patterns of several glyco- and lipoproteins were found
to change during the metamorphosis. These proteins increased rapidly in concen-
tration in the 8th instar larva III, but during the prepupal and pupal stages, a
decrease of these high molecular weight proteins was noted. Particularly, the
change of glycoprotein is in accord with the findings of Van Der Geest and Bor-
gsteede (1969) in Pieris brassicae. Carbohydrates in the haemolymph of insect are
reported to present in the form of glycoproteins (Wigglesworth, 1965). It is
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assumed that they are mainly reserves which are being used during pupation (Van
Der Geest and Borgsteede, 1969). Some possible functions of haemolymph proteins
have been suggested by several investigators. Laufer (1960, 1961, 1964) demons-
trated that nearly all blood proteins of Hyalophora cecropia and Sama cyinthia
act as enzymes. Subsquently, Siakotos (1960a, b) reported that blood proteins of
cockroach Periplaneta may be involved in the transport of nutrients such as lipids
and carbohydr‘ates which are joined to the proteins as conjugated groups.

SUMMARY

The blood proteins of pine moth, Dendrolimus spectabilis Butler of different
developmental stages were investigated by disc electrophoresis in acrylamide gels.
Blood protein concentration was also determined during the metamorphosis. Pro-
tein concentration increased gradually with the growth of larva, reaching a max-
imum in themature larva, and the increase of protein bands also was accompanied.
As the larva transforms into the prepupa the number of protein bands as well
as the protein concentration dropped. A total of 22 bands were identified throu-
ghout the stages. Histochemical staining of the acrylamide gels by the PAS
method, Toluidine blue O, and Sudan black demonstrated that the carbohydrate,
mucopolysaccharide, and lipid were associated with certain blood proteins.
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EXPLANATION OF FIGURES

Fig. 1. Photograph of hacmolymph protein patterns in Dendrolimus spectabilis
Butler; Left to right, A: overwintering larva; B: 4th instar larva; C: 5th instar
larva; D:6th instar larva; E: 7th instar larva; F: 8th instar larva I (carly
stage); TD: trcking dye. )

Fig. 2. Photograph of haemolymph protein patterns in Dendrolimus spectabilis
Butler. Left to right, F: 8th instar larva I; G: 8th instar larva II; H: 8th
instar larva III; I: prepupa I; J: prepupa II; K: pupa, I day; L: pupa, 3
days; M: pupa, 7 days; N: pupa, 10 days; O: pupa, 14 days; P: adult, I day
(female); Q: egg stage.
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Fig. 3. Diagrammatic representation of haemolymph protein pattern in Dend-
rolimus spectabilis A: Overwintering larva; B: 4th instar larva; C: 5tn instar
larva; D: 6th instar larva; E: 7th instar larva; F: 8th instar larva; TD: tracking
dye.
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Fig. 4. Diagrammatic represcntation of haemolymph protein pattern in Dend-
rolimus spectabilis Butler.

F: 8th instar larva I; G: 8th instar larva II; H: 8th instar larva III; I: prepuga
I; J: prepupa II; K: pupa, I day; L: pupa, 3 days; M: pupa, 7 days, N: pupa, 10
days; O: pupa, 14 days; P: adult, I day (female); Q: egg stage; TD: tracking dye.
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Fig. 5. Changes in electrophoretic pat-
terns of protein in several tissues of the
8th instar larva 111.
A: haemolymph;
C:zintestine

B: fat body;

]
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Fig. 7. Changes in lipoprotein patterns
of haemolymph during the metam-
orphosis of Dendrolimus spectabilis
Butler.

A: 8th instar larva II; B: 8th instar
larva (spinning stage); C: prepupa l;
D: pupa, 14 days; TD: tracking dye.
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Fig. 6. Changes in glycoprotein patte-
rns of haemolymph during the met-
amorphosis of Dendrolimus spectabilis
Butler.

A: 8th instar larva II; B: 8th instar
larva III (spinning stage); C: prepupa
I; D: pupa, l4days; TD:tracking dye.
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Fig. 8. Changes in acidic mucopolysa-
ccharide patterns of haemolymph during
the metamorphosis of Dendrolimus
spectabilis Butler.

A: 8th instar larva II; B: 8th instar
larva (spinning stage); C: prepupa I;
D: pupa, 14 days.



