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Trimolter larvae (undergoing three larval molts) of Bombyx mort were induced artificially
by administrating 1-benzyl-5-[(F)-2,6)-dimethyl-1,5-heptadienyl]-imidazole (an insect growth
regulator called KK-42) shortly after the third molt, and analyzed by polyacrylamide gel
electrophoresis for the banding patterns of haemolymph proteins. The features were similar to
those previously reported for allatectomy-induced trimolters, which mimicked the trait of the
recessive trimolting mutant 7 rather than that of the dominant trimolting mutant M.

INTRODUCTION

The haemolymph of Bombyx mori have many kinds of proteins, whose concentration
and constitution fluctuate remarkably during the periodic feeding and molting stages of
larval life (Kobara, 1967, Doira, 1968). Until the penultimate instar, the concentration of
total haemolymph proteins increases during each feeding period and decreases at each
molt (Kawaguchi et al., 1983). At the young (the first to the third) instars the proteins
named PYL-A and PYL-B (Fujiwara and Yamashita, 1990; Banno et al., 1993) predominate
in the haemolymph. On the other hand, the final (normally the fifth) larval instar is
characterized by the rapid increase in concentration of overall haemolymph proteins,
including the major components called storage protein 1 (SP-1) or female specific protein
(FL), storage protein 2 (SP-2) and 30 kDa proteins (Kawaguchi and Doira, 1973; Tojo et
al., 1980; Kawaguchi et al., 1993, 1994).

As to the moltinism (molting character in particular its number), the tetramolter
which repeats four larval molts (and thus five larval instars) is considered as the normal
(standard) type in B. mori. The number of larval molts is genetically fixed; there are
dimolters, trimolters and pentamolters as mutants of moltinism. Genetic analyses of
these mutants have shown that the moltinism in B. mori is controlled by at least three
genes called mod, rt and M (Doira et al., 1992). The molting number can also be reduced
artificially by the extirpation of corpora allata from larvae at the third or fourth instar to
make precocious pupae skipping the fourth ecdysis (Kim, 1939; Fukuda, 1940). Also
anti-hormone compounds have the ability to alter the number of larval molting (Asano et
al., 1982; Kuwano, 1987).

In the present study, we treated normal B. mori larvae with 1-benzyl-5-[(£)-2,6)-
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dimethyl-1,5-heptadienyl}-imidazole (KK-42), which is an imidazole derivative having the
anti-ecdysteroid activity (Kadono-Okuda et al., 1987; Kuwano et al., 1992; Suzuki and
Kuwno, 1994), and resulting trimolter larvae were analyzed for haemolymph proteins.
Profiles were compared with those which we have reported previously for allatectomy-
induced trimolters and for genetic trimolters 7t and M* (Kawaguchi et al., 1993, 1994).

MATERIALS AND METHODS

Strain of silkworm used

The t011 strain stocked in the Institute of Genetic Resources, Faculty of Agriculture,
Kyushu University, was used. This is a normal tetramolter (+*), and includes the sex-
limited dominant zebra gene (Ze¢) translocated to the W chromosome {T(W;3)Ze}(Doira et
al., 1992); thus larvae can be discriminated between female (Ze) and male (+7 ). Larvae
were raised on mulberry leaves at 25°C.

Induction of trimolter larvae by KK-42

KK-42 dissolved in acetone was applied topically to the dorsal integument of t011
larvae shortly after the third molt (501 per larva). The induction rates of trimolting
larvae were 0, 0 and 15.4% at the doses of 0, 0.1 and 0.5ug, respectively, whereas 100%
at the doses larger than 5.0ug. Since no reduction in rate was seen by 50ug of the
compound, this application dose was used in the following experiments. Control larvae
received the vehicle alone.

Sampling of haemolymph

Haemolymph specimens of KK-42-treated larvae and control larvae were collected at
24 h intervals from day 0 (shortly after ecdysis) of the fourth instar to the onset of
spinning and centrifuged to remove haemocytes as detailed previously (Kawaguchi et al.,
1993). The supernatants were used for protein analyses as described below.

Quantitative and qualitative analyses of haemolymph proteins

The supernatants were made 1% with respect to trichroloacetic acid (TCA) and the
precipitates were washed three times with 5% ice-cold TCA and with ethanol : ether (1 :
1) to remove free amino acids and lipids and then dissolved in 0.1 N NaOH. The solution
was analyzed for the concentration of proteins by Folin method using filter paper tips
with bovine serum albumin as a standard (Hayashi, 1983).

Alternatively, the supernatants were subjected to polyacrylamide gel electrophoresis
(Davis, 1964; Ornstein, 1964) using 6.5% slabs (Kawaguchi et al., 1993). The proteins
were stained with 0.1% Coomassie Brilliant Blue R-250 in ethanol : acetic acid : distilled
water (4 : 1:5) for 1 h and destained in 7% acetic acid.

RESULTS

Changes in concentration of haemolymph proteins
The protein concentration of haemolymph in the normal (control) larvae was low
during the feeding period of the fourth instar, with little difference between sexes. At the
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Fig. 1. Protein concentration of haemolymph in normal tetramolter and artificial trimolter induced
by KK-42 at the fourth and the fifth instars. A, normal tetramolter; B, induced trimolter.
Open circles, females; closed circles, males. Day 0 means the period shortly after ecdysis.
Each point represents the average of five measurements. Vertical bars, standard deviation.

fifth instar (the final instar for the control larvae), the concentration in both sexes rapidly
increased. There was a marked sexual difference, the female predominating the male
(Fig. 1A).

The trimolter larvae induced by KK-42 had prolonged fourth instar (7 days instead of
the normal 4 days), and this was the final larval stage; the larvae began to spin on day 8
and then became precocious pupae. There was a rapid increase of protein concentration
at the fourth instar with a marked sex-dependent difference (Fig. 1B) like the fifth instar
of the control.

Changes in component of haemolymph proteins

The electrophoretic analysis of haemolymph proteins in the tetramolter (normal)
larvae revealed major components as well as minor ones numbered 1 to 7 (Fig. 2A). All
bands were weak during the fourth instar and until day 1 of the fifth instar. However, the
bands became intense from days 3 to 7 of the fifth instar. The FL (SP-1) band was seen
strongly in females at the late period of the fifth instar, but in males this band gradually
became weak. On the other hand, the SP-2 band was observed in both sexes and rapidly
increased in intensity. The behavior of FL makes the electrophoretic patterns markedly
different between the sexes.



206 Y. Kawaguchi et al.

b

FMFMFMFM FMFMFMFEM
1 2 3 4 1 3 5 7
4th instar 5th instar

T it NN
s R oh g
A—_ |

vy |

ot ad

C Ay

s

.

. a

« QD 181
o

(=

]

"
i
oges
[

FMEMFMFMFEMEMEM
1 2 3 4 5 & 17
4thmstar

Fig. 2. Electrophoretic patterns of haemolymph proteins in normal tetramolter at the fourth
and the fifth instars (A) and in induced trimolter at the fourth instar (B). F, females;
M, males. FL, female specific protein (SP-1); SP-2, storage protein 2; Nos. 1-7, other
components.

The patterns of haemolymph proteins at the fourth (final) instar of the induced
trimolter larvae exhibited again major and minor components (Fig. 2B). On day 1, the
bands were weak and no difference was observed between sexes. After day 3, most bands
became strong; the FL band augmented in intensity only in females (in males this band
seemingly fluctuated until the end of the fourth instar). As a whole, the protein profile at
the late period (days 4 to 7) of the fourth instar in the induced trimolter larvae resembled
that of the fifth instar in the normal tetramolter.

DISCUSSION

On the basis of quantitative and qualitative analyses of hemolymph proteins, the
larval stages of B. mort could be divided into the following three phases (Kawaguchi et
al., 1993). 1) The young larval phase at the first to the third instars, when the
concentration of the haemolymph proteins is low and no difference in the banding-pattern
is seen between both sexes. The presence of PYL-A and PYL-B components (see
INTRODUCTION) is characteristic. These are the typical phase of nutritional growth. 2)
The intermediary phase; the fourth larval instar in the case of the normal tetramolter.
This is the stage during which the nutritional growth phase sifts to the following
reproductive growth phase. The protein concentration is still low and there is no sexual
difference. 3) The late larval phase at the last larval instar (the fifth instar in the case of
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Table 1. Summarized features of larval haemolymph proteins after quantitative and qualitative
analysis in the artificial trimolters induced by KK-42 in comparison with other types of
moltinism variants.

Roman numerals : instar No. of larval life Characteristic
Aniroal - - — phenotypes of
nma, Arabic numerals : instars specified by the haemolymph
analyzed Genotype features of haemolympy proteins proteins
Tetramolter +M 1 H m v v Normal type*
(control) ) 2 3 4 5
Artificial trimolter +M I Im I 1 Conjugation type
(induced by KK-42) I8N (o ran with the fourth and
@ @) (?) 445 the fifth instars
(incomplete)
Artificial trimolter +M I I I 1Iv Conjugation type
(allatectomized-A) 1N ro~  ra~ with the fourth and
(€9)] (2) (3) 445 the fifth instars
(complete)**
Artificial trimolter +M I nmn Im 1 Conjugation type
(allatectomized-B) 71N 1oy ran with the fourth and
1 @) @) 445 the fifth instars
(incomplete)**
Genetic trimolter M3 I I Im 1v Omission type
dominant v 5 e = of the fourth
( ) H 2 3 5 instar*"?*}1lr
Genetic trimolter 7l I I I 1w Conjugation type
(recessive) 1N 9 e with the fourth and
1 2 3 445 the fifth instars
(complete)***
(Genetic pentamolter M? I I m v v VI Duplication type
(recessive) Ay 9 a 4 4 = with the fourth and
€)) 2 3 4 5 the fourth instar*#**

* Cf. also Kawaguchi et. al. (1993). **Cited from Kawaguchi et. al. (1994). *** Cited from Kawaguchi ef.
al. (1993). Parentheses indicate the characteristics apparent without analysis.

normal tetramolter), when the haemolymph protein concentration rapidly increases and
the significant differences in concentration and composition of haemolymph proteins are
recognized between both sexes. This largely depends on the female-specific increase of
FL, which may serve as an indispensable resource of yolk formation. Thus the last larval
instar is taken to be a phase in which the reproductive growth is already taking place.

In the light of the above criterion, the final instar of the trimolter larvae induced by
KK-42 could be characterized in Table 1. We conclude that the present trimolter had an
intermediary phase on day 1 of the last (fourth) instar (one day after the treatment of
KK-42) when the banding intensity of haemolymph proteins was weak without sexual
difference. Namely, this trimolter seemed to possess the conjugated fourth plus fifth
instars as the final larval stage.

These characteristics were similar to those of trimolters-A and B induced by
allatectomy before and after, respectively, the third molt to mimic molting mutants (Table
1, cf. Kawaguchi et al., 1994; the present trimolter induced by KK-42 may have a
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similarity to trimolter-B, the incomplete conjugation type with intermediary amounts of
FL, although details remain to be elucidated). As reported previously, these trimolters
resembled the recessive trimolter mutant 7 rather than the dominant trimolter M?, which
exhibited no fourth-instar type intermediary growth phase (Table 1, cf. Kawaguchi ef al.,
1993). M’ has duplicated fourth-instar type intermediary growth phases and completely
different from M? (KK-42 treatment or allatectomy to the M° mutant will be promising).

Also the present finding supported our previous notion (Kawaguchi et al., 1993) that
the modification of the molting number occurs via the skipping, shortening or duplication
of the intermediary phase; all types of moltinism variation shown above scarcely affected
the reproductive as well as nutritional growth phase of larval life.

The mode of action of KK-42 in the induction of precocious maturation is shown to be
mainly related to its inhibitory effect upon the ecdysteroid synthesis (Kadono-Okuda et
al., 1987). However, the present trimolter was induced by KK-42 treatment shortly after
the third molt when the corpora allata are still active and the anti-juvenile hormone
activity of KK-42 (Suzuki and Kuwano, 1994) may be effective. Further analyses of
haemolymph proteins after treatment with this insect growth regulator at different
developmental stages following the third molt will be of interest.
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