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The intracellular yeastlike symbiotes in Laodelphax striatellus are destroyed by heat treat-
ment (at 35°C for the first 3 days of the nymph). The heat treatment shows a deleterious
effect on the adult moult; a number of the insects fail to emerge. The administration of
cholesterol to the heat-treated insects largely promoted the adult moult. g-Sitosterol also
had an effect on the recovery of the deleterious effect. The heat-treated 5th-instar nymphs
fairly moulted by application of ecdysterone. The deleterious effect seems to come from
the collapse of the yeastlike symbiotes through steroid metabolism of the insect. The yeast-

like symbiotes appear to play an important role in supplying sufficient sterol for the de-
velopment of L. striatellus.

INTRODUCTION

The smaller brown planthopper, Laodelphax striatellus, normally harbours yeastlike
symbiotes and prokaryotic microorganisms in the fat body (Nasu, 1963; Noba,
1977; Nopa and Sarro, 1979). Heat treatment (exposure to high temperature,
35°C, for the first 3 days after hatching) reduces the number of yeastlike symbiotes
(Nopa and Sarro, 1979). Some 5Sth-instar nymphs die in the process of ecdysis, and
some do not moult. These heat-treated insects do not normally deposit adult cuticle.
Sterol analyses show that the yeastlike symbiotes play an important role as a sterol
source for the planthopper: the symbiotes supply their host insect with 24-methylene-
cholesterol (Nopa et al., 1979).

In the present paper, sterols and ecdysterone were administered to the heat-treated
insects to investigate whether these nutrients or hormone are able to recover the defect
of adult moult caused by the heat treatment. The role of the yeastlike symbiotes
in L. striatellus is also discussed as contributor to the host development through steroid

metabolism.

MATERIALS AND METHODS

Sterol administration. Sterols used were cholesterol and g-sitosterol (24«-ethyl-
cholest-5-en-36-o0l) (Katayama Chemical Co., Ltd.). p-Sitosterol used here consisted
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of f-sitosterol and campesterol (24«-methylcholest-5-en-38-0l) in the ratio of 60.5 to
39.5, respectively, on the basis of gas liquid chromatography. The sterols were given
to insects through rice sheath in a glass tube (about 103 mm in length, 14 mm in dia-
meter). The insects were allowed to suck the rice sheath the lower end of which was
dipped into the water containing the sterol. The sterols were stirred alone or emul-
sified in 0.19, of Tween 85 (Polyoxyethylene sorbitan trioleate, Katayama Chemical
Co., Ltd.) at the concentration of 0.19%,.

Laodelphax striatellus (Fallén) was stock-cultured on rice seedlings at 25°C under
16 hr daily illumination. The newly hatched nymphs were moved into the glass tube,
exposed to 35°C for 3 days (heat treatment), and transferred to 25°C (Nopba and
Sarro, 1979). The rice sheaths were changed every one or two days.

Ecdysterone application. Ecdysterone (Cy,H,,0O,, Rohto Pharmaceutical Co., Ltd.)
dissolved in methanol was topically applied to the heat-treated 5th-instar nymphs of
19 days old after hatching by means of a microsyringe. About 0.125 pl each, the
ecdysterone doses varying from 1 pg to 10-% pg, was spread on the dorsal part of the
insects. The treated insects were reared on a rice sheath for 4 days.

RESULTS

Administration of sterols to the heat-treated insects

Fig. 1 shows the survival rate and the rate of emergence of the heat-treated and
non-heat-treated insects to which sterol was administered with Tween 85. The normal
insects became adults within 22 days after hatching. In the heat-treated insects which
did not take sterol, only 6.79, emerged and the others were dead by the 38th day.
When cholesterol was given, 61.6%, of the heat-treated insects became adults. How-
ever they took much more time to emerge than the normal insects. p-Sitosterol pro-
moted the rate of emergence to 15.29, and was not as effective as cholesterol.

Similar results were also obtained by rearing without Tween 85 (Fig. 2). The
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Fig. 1. The rate of survival and emergence of the heat-treated insects to which sterols
are administered with Tween 85. , survival rate; ...... , the rate of emergence; O,
normal temperature 25°C; @, 35°C for the first 3 days after hatching and 25°C for the
rest of the life (heat treatment); X, heat treatment and cholesterol administration; A,
heat treatment and B-sitosterol (including campesterol) administration,

NI | -El ectronic Library Service



Japanese Soci ety of Applied Entonol ogy and Zool ogy

Role of Yeastlike Symbiotes 455

X0 Y Y. V00 WY Y .00 W N N

Rate of survival and emergence

5 X o
ey
1 1 ool L p el F P i Ao a A

5 10 15 20 25 30 35 40

Days after hatching

Fig. 2. The rate of survival and emergence of the heat-treated insects to which sterols
are administered. Signs are shown in the footnote of Fig. 1.
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Fig. 3. Growth curve of adult emergence. The cumulative number of adults each
day are divided by the total number of adults. Figures are taken from Fig. 2.

heat-treated insects did not emerge at all even the 43rd day after hatching. 10.79,
of the insects which ingested f-sitosterol moulted into adults. Cholesterol promoted
the rate of emergence to 37.19%,.

The heat-treated 5th-instar nymphs to which cholesterol was administered were
fixed and their paraffin sections were examined under microscope (Noba, 1977).
Since the yeastlike symbiotes remained few, the sterol administration after the heat
treatment did not recover the symbiote population but sterol itself must work for the
improvement of the rate of emergence. The body size of the heat-treated planthoppers
was smaller than that of the normal ones, even when cholesterol was given. The
skin colour was yellowish or reddish, which is one of the characteristics of the heat-
treated insects. Some insects were dead halfway to ecdysis.

On the basis of Fig. 2, figures were collected for the growth curves of emergence.
Firstly, the daily cumulative numbers of emerged adults were divided by the total
number of adults that emerged by the 43rd day (Fig. 3). Metamorphosis of the
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Fig. 4. Growth curve of adult emergence. The cumulative number of adults are di-
vided by the alive insects each day. Figures are taken from Fig. 2.

Table 1. ApPLICATION OF ECDYSTERONE TO THE HEAT-TREATED 5TH INSTAR NyMpPH

I 11 11T
Doses (ug)
a b c d e a b ¢ d e a b ¢ d e
1 34 10 10 5(2) 9(0)
10-1 36 14 14 3(00) 5(0) 30 18 8 4(2) O
10-2 36 2 10 11(1) 13(1) 30 4 5 6(1) 15(0)
10-3 30 5 6 83 11(1) 25 3 12 6(1) 4(0)
10-¢ 25 6 16 2(1) 1(1)
10-5 25 8 15 1(1) I(1)
control 3 12 19 5(3) O 30 10 13 5(4) 2(2) 25 5 15 3(2) 2(2)
non-treatment 36 20 15 1(0) O 30 13 11 2(2) 44 25 11 12 2(2) O

Insects were applied the 19th day after hatching. Cumulative number of insects are shown by 4
days after application. Parentheses show the number by 2 days.
a, number of insects examined; b, alive nymph; ¢, dead nymph; d, dead insect halfway to

ecdysis; e, adult emerged.

normal insects occurred the 15th—16th day on average in this rearing, but the heat-
treated insects that ingested sterols mainly emerged the 22nd—24th day. Although the
heat-treated insects required much time to emerge, the accomplishment of adult ecdysis
mostly synchronized.

The daily cumulative numbers of emerged adults were then divided by those of
the surviving insects that consisted of the adults and surviving nymphs (Fig. 4). The
slope of the curve of the insects ingesting cholesterol is similar to that of the normal
insects; these two curves are parallel on the whole. On the other hand, the slope
of the curve of B-sitosterol is different from that of the normal insects. This gentler
slope indicates that p-sitosterol did not fully recover the adverse effect of the heat
treatment.

Application of ecdysterone to the heat-treated Sth-instar nymphs

Ecdysterone was applied to the heat-treated 5th-instar nymphs. The insects
were divided into the following four groups after the application; “alive nymph”,
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“dead nymph”, “dead insect halfway to ecdysis” (e.g. the insects that shed half of the
old cuticle or that tried to shed it), and “emerged adult”. The insects that could
not stand on their legs were included in the “dead nymph”.

In Table 1, the cumulative numbers of four groups for 4 days after application
are shown. The numbers in the parentheses are those for 2 days. Adults largely
emerged or ecdysed at a dose of 10-2 ug. They tended to cease to moult at both higher
and lower doses than 10-2 pg. This shows that there is an effective dose of ecdysterone
near 102 ug on the adult moult of the heat-treated 5Sth-instar nymphs. Adult ecdyses
largely occurred in the 3rd or 4th day after application, because for 2 days only a small
number of insects emerged or ecdysed.

DISCUSSION

A certain number of L. striatellus that received the heat treatment at the earliest
stage of the nymph can grow up to the 5th-instar stage, but some were dead or re-
mained in the 5th-instar stage (Nopa and Sarro, 1979). Fig. 2 also shows that the
heat-treated insects were mainly dead during adult ecdysis. The impact of the 3-day
high temperature against the youngest nymphs reveals the deleterious effect on the
very last stage of the nymphs. Sterol analyses show that the yeastlike symbiotes pro-
vide L. striatellus with 24-methylenecholesterol (Nopa et al., 1979). Since the num-
ber of the yeastlike symbiotes in the heat-treated insects are greatly reduced, the
amount of 24-methylenecholesterol is small and the cholesterol concentration is low.
When cholesterol was administered to the heat-treated insects, 37.19%, emerged (Fig.
2). Cholesterol with Tween 85 also improved the adult ecdysis from 6.79%, to 61.69,
(Fig. 1). As far as the adult ecdysis is concerned, the deleterious effect of the heat
treatment is mainly due to the lower concentration of cholesterol.

The microscopical observations of some heat-treated 5th-instar nymphs show that
the deposition of adult cuticle does not normally occurred (Nopa and Sarro, 1979).
However, the endogeneous ecdysone must work, because some insects deposit a new
cuticle and some adults emerge. The application of the exogeneous ecdysone (ecdy-
sterone) stimulated the heat-treated 5th-instar nymphs to moult. In regard to the
adult moult of the heat-treated insects, the application of ecdysterone has an effect
similar to the administration of cholesterol. Since cholesterol is known as the pre-
cursor of ecdysones, the shortage of cholesterol might cause the insufficient ecdysone
synthesis.

L. striatellus obtains p-sitosterol from the rice plant (Noba et al., 1979). g-
Sitosterol was less effective than cholesterol in promoting the heat-treated insects to
emerge (Fig. 4). This seems to be partly due to the fact that the conversion of g-
sitosterol into cholesterol requires several steps as shown in Manduca sexta, Tribolium
confusum (SvoBoDaA et al., 1975), and Bombxy mor: (Morisaxki et al., 1972). (-Sitosterol
from the rice plant may play a minor part as the cholesterol source of this planthopper.
24-Methylenecholesterol from the yeastlike symbiotes seems to play an important
role in the development of L. striatellus.
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