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Abstract

(1) Haemolymph of Bombyx larvae contains two major sugars, trehalose and
sorbitol-6-phosphate  (S-6-P). Their concentrations changed throughout the
postembryonic development but were relatively constant in the feeding period of 5th
stadium. In the feeding period, haemolymph trehalose concentration was under the
homeostatic control while haemolymph S-6-P concentration was not.

(2) Head factor(s) with hypertrehalosemic activity was involved in homeostasis of
trehalose concentration. One candidate of such head factors was an adipokinetic
hormone (AKH) since AKH exhibited hypertrehalosemic activity in Bombyx larvae.

3) Haemolymph trehalose and S-6-P concentrations decreased at the wandering
stage of 5th stadium. Such decreases were caused by an increased ecdysteroids in
haemolymph at this stage.

@ Ecdysteroid-inducible increase in membrane-bound S-6-Pase (m-S-6-Pase)
activity in fat body was involved in the decrease in haemolymph S-6-P
concentration at the wandering stage. m-S-6-Pase was purified to apparent
homogeneity from fat bodies of wandering larvae by fractionation of membrane,
solubilization with 1 % HTG and two chromatographic separations on Q-Sepharose
and Heparin-Sepharose. Purified m-S-6-Pase was composed of a single protein with
a molecular mass of 30 kDa. The optimum pH of purified enzyme was 6.0 and its
Km value for S-6-P was 4.56 mM.




1. Difference and similarity of two haemolymph sugars

Haemolymph of Bombyx larvae contains two major sugars, trehalose and
sorbitol-6-phosphate  (S-6-P). Their concentrations changed throughout the
postembryonic development but were relatively constant in the feeding period of 5th
stadium (Figure 1). Haemolymph trehalose concentration was revealed to be under the
homeostatic control since its concentration could recover the initial level after artificial
increase or decrease of its concentration. Accordingly, trehalose is considered to be an
insect blood sugar corresponding to glucose in mammals. In contrast, haemolymph S-6-P
concentration was not homeostatically controlled. It accumulated in haemolymph
during the feeding. period and decreased at the larval-pupal transformation, indicating

that it is a storage form of sugar. Along with the dynamics of storage protein in larval

haemolymph, present findings suggest that insect utilizes haemolymph (haemocoel) as a

storage site for energy source in addition to circulating system.
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Figure 1 Developmental changes in haemolymph trehalose (open
circles) and sorbitol-6-phophate (closed ciréles) concentrations in

Bombyx mori. Ed, ecdysis; W, wandering; P, pupation; Ec, eclosion.

Modes of incorporation of trehalose and S-6-P from haemolymph into cells
seem to be similar to each other (Figure 2). Both trehalose and S-6-P must be
hydrolyzed prior to incorporation into cells. Trehalose is converted to two molecules of

glucose by trehalase that locates on cell membrane, and glucose is incorporated into
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Figure 2 Putative metabolic pathway of trehalose and S-6-P.

cells with assistance of glucose transporter. Present study showed that S-6-P was
converted to sorbitol by S-6-Pase that is probably located on cell membrane. Resulting
sorbitol may be directly incorporated into cells through sorbitol transporter on cell
membrane. These enzymes, trehalase and S-6-Pase, on cell membrane are keys to

control haemolymph sugar metabolism.

2. Control of haemolymph trehalose
Haemolymph trehalose concentration is under two different controls, i. e.
homeostatic and developmental controls. Trehalose concentration is maintained at

constant level in a range of hours but developmentally changes in a range of days.

For homeostasis of trehalose concentration, head factor with hypertrehalosemic
activity was prerequisite. One candidate of such head factors is adipokinetic hormone
secreted from corpora cardiaca since present study suggested that AKH had
hypertrehalosemic activity in Bombyx larvae. The mechanism for down-regulation of
trehalose concentration is probably present in thoracic and/or abdominal portions.

In contrast to homeostatic control, developmental changes in haemolymph
trehalose concentration are likely controlled by hormones that are involved in
integrating all developmental events. We demonstrated that ecdysteroid, a moulting
hormone secreted form prothoracic gland, was involved in the decrease in trehalose

concentration at the wandering stage. The physiological meaning of the changes in



trehalose concentration is obscure. However, developmental changes in trehalose
concentrations seem to reflect the changes in demand of tissues for trehalose throughout

development.

3. Control of haemolymph S-6-P

S-6-P accumulates in haemolymph in the feeding period and the S-6-P
concentration decreases to a low level at the wandering stage. Such decrease is caused by
an increase in haemolymph ecdysteroids at this stage. Present study showed that an
ecdysteroid-inducible increase in membrane-bound S-6-Pase (m-S-6-Pase) activity in
fat body was involved in the decrease in haemolymph S-6-P concentration. Resulting
sorbitol may be incorporated into tissues and stored or utilized for pupal metamorphosis,
similar to the storage protein. m-S-6-Pase was purified to apparent homogeneity from
fat bodies of wandering larvae by fractionation of membrane, solubilization with 1 %
HTG and two chromatographic separations on Q-Sepharose and Heparin-Sepharose.
Purified m-S-6-Pase was found to be composed of a single protein with a molecular
mass of 30 kDa. The optimum pH of purified enzyme was 6.0 and its Km value was
4.56 mM. The Km value may be enough to cause a decrease in the haemolymph S-6-P
concentration at the wandering stage. Accordingly, we propose that the purified S-6-
Pase in present study is responsible for the decrease ih haemolymph S-6-P in vivo and
acts as a principle to cause metabolism-transformation at the pupal metamorphosis. The
localization of m-S-6-Pase and the mechanisms of its activation by ecdysteroid must be
elucidated by further studies. Such studies will provide new insights into the particular
insect system for energy storage as a phosphorylated form of carbohydrate in

haemolymph.
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